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GoLpEN ANNIVERSARY—the 50th Annual Con- 
vention of the American Foundrymen’s Association was 
held in Cleveland, Ohio, May 6 to 10, 1946. The bien- 
nial Foundry and Allied Industries Show was staged by 
the Association in conjunction with the Convention. 
Exhibits were displayed in the Cleveland Public Audi- 
torium. 

Credit for the excellent reception and hospitality re- 
ceived by those attending is given to the Northeastern 
Ohio Chapter of A.F.A. under the chairmanship of 
A. C. Denison, Fulton Foundry & Machine Co., Inc. 
This committee excelled in its splendid work and hos- 
pitality as host to the large number of members and 
guests attending. 

This exhibit broke all previous records from the stand- 
point of number and quality of exhibits. Six acres of 
exhibit space, displaying an unparalleled array of new 
equipment and materials for the industry, was a source 
of constant activity throughout the convention. The 
attendance of 18,000 registered members was also a 
record breaker, which taxed the capacity of hotels in 
Cleveland. The number and value of papers and dis- 
cussions presented was outstanding. Many papers were 
of extremely pertinent coverage on current foundry 
problems and practices. During the five days of the 
meeting, over 50 sessions were held for the presentation 
of over 95 papers and committee reports. A summary 
of the sessions which were held in the meeting rooms in 
the Cleveland Public Auditorium, Statler and Cleveland 
Hotels follows: 


ALUMINUM AND MAGNESIUM RounpD TABLE LUNCHEON 
Monday, May 6, 12:00 P.M. 

Presiding—R. E. Ward, Eclipse Pioneer Div., Bendix Avia- 
tion Corp., Bendix, N. J. 

Co-Chairman—A. T. Ruppe, Bendix Products Corp., South 
Bend, Ind. 

Report of Committee on Recommended Practices for Alu- 
minum and Magnesium Die Castings, by J. C. Fox, Doehler- 
Jarvis Corp., New York. 

Report of Committee on Recommended Practices for Alu- 
minum and Magnesium Permanent Mold Castings, by A. 
Sugar, American Metal Co. Ltd., New York. 


Jotnt Meetinc, PLANT EQuIPMENT AND 
SaFety & HycIENE 
Monday, May 6, 2:00 P.M. 

Presiding—James Thomson, Continental Foundry & Machine 
Co., East Chicago, Ind. 

Co-Chairman—C. P. Guion, W. W. Sly Mfg. Co., Chicago. 

Accident Prevention as a Function of Management, by R. R. 
Meigs, Liberty Mutual Insurance Co., Boston. 

Mechanical Shakeouts, by J. L. Yates, Worthington Pump & 
Machinery Corp., Buffalo, N. Y. 


Lecture Course (SEssIon 1) 
Monday, May 6, 4:00 P.M. 


Presiding—-D. Basch, Almin Co., Schenectady, N. Y. 

Co-Chairman—H. Brown, Aluminum Industries Inc., Cin- 
cinnati. 

Subject--Aluminum and Magnesium Foundry Control. 
Oscar Blohm, Hills-McCanna Co., 


Discussion Leader 
Chicago. 





Summary of Proceedings of the 50th Annual Meeting 


Gray IRonN SHop Course (SEssIon 1) 
Monday, May 6, 4:00 P.M. 


George A. Timmons, Climax Molybdenum Co., 


Presiding 
Detroit. 

Co-Chairman—P. T. 
Moline, Ill. 

Subject—The Metallurgy of Cupola Mixes. 

Discussion Leader—K. H. Priestley, Eaton Mfg. Co., Vas- 
sar, Mich, 


Bancroft, Republic Coal & Coke Co., 


Sanp SHop Course (SEssIon 1) 
Monday, May 6, 8:00 P.M. 
Presiding—F. S. Brewster, Dow Chemical Co., Bay City, 
Mich. 
Subject 
Discussion Leader 


Magnesium Molding Sands. 
Oscar Blohm, Hills-McCanna Co., 


Chicago. 


Joint MeetiInc, PLANT EQUIPMENT AND 
SaFETY & HyGIENE 
Monday, May 6, 8:00 P.M. 
Presiding—James Thomson, Continental Foundry & Machine 
Co., East Chicago, Ind. 
Co-Chairman—W. O. Vedder, Pangborn Corp., Hagerstown, 
Md. 
Exhaust Hoods and Piping Systems, by E. A. Carsey, Kirk & 
Blum Mfg. Co., Cincinnati. 
Dust Collection and Disposal 
Centrifugal Collectors, by H. H. Dohrmann, Buell Engi- 
neering Co., New York. 
Cloth Collectors, by G. A. Boesger, W. W. Sly Mfg. Co., 
Cleveland. 
Wet Collectors, by A. S. Lundy, Claude B. Schneible Co., 
Detroit. 
Fans and Exhausters, by Phillip Cohen, B. F. Sturtevant Co., 
Cleveland. 
Maintenance, by K. M. Smith, Caterpillar Tractor Co., 
Peoria, IIl. 
Note: The papers presented at this Session are also published sepa- 
rately as the ‘“‘Symposium on Foundry Dust Control.’ 


ALUMINUM AND MAGNESIUM 
Monday, May 6, 8:00 P.M. 

Presiding—Leslie Brown, Magnesium Fabricators Div., Bohn 
Aluminum & Brass Corp., Adrian, Mich. 

Co-Chairman—G. G. Glider, Ebaloy Foundries Inc., Rock- 
ford, Ill. 

Interrelation of Various Major Factors Determining the 
Amount of Microporosity in Magnesium Alloy Castings, by 
L. W. Eastwood and J. A. Davis, Battelle Memorial Institute, 
Columbus, Ohio. 

The Effect of Mold Materials and Practices on the Quality 
of Magnesium Alloy Castings, by M. V. Chamberlin and J. G. 
Mezoff, Dow Chemical Co., Midland, Mich. 

Centrifugal Castings of a Magnesium Part, by F. P. Strieter 
and R. J. Maenner, Dow Chemical Co., Midland, Mich. 


MALLEABLE FouNpRY PRACTICE 
Tuesday, May 7, 10:00 A.M. 

Presiding-—A. M. Fulton, Northern Malleable Iron Co., St. 
Paul, Minn. 

Co-Chairman—C. F. Joseph, Saginaw Malleable Iron Div., 
General Motors Corp., Saginaw, Mich. 

Chemical Composition of Malleable Iron, by H. A. Schwartz, 
National Malleable & Steel Castings Co., Cleveland. 

Cores for Automotive Malleable Iron Castings, by W. G. 
Ferrell, Auto Specialties Mfg. Co., St. Joseph, Mich. 

Heat Treating Furnaces in Foundry Work, by Victor Pasch- 
kis, Columbia University, New York City. 
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ry OF PROCEEDINGS 


ALUMINUM AND MAGNESIUM SESSION 
Tuesday, May 7, 10:00 A.M. 
Walter Bonsack, National Smelting Co., Cleve- 


irman—L. W. Eastwood, Battelle Memorial Institute, 
Treatment of Aluminum Alloy Castings, by Walter E. 
i H. J. Rowe, Aluminum Co. of America, Pittsburgh, 


Effect of Certain Elements on Some Properties of an 
n Sand Casting Alloy, by R. A. Quadt, American 
& Refining Co., Barber, N. J. 
eristics of Aluminum Casting Alloy 3 Per Cent Sili- 

Per Cent Copper, by O. Tichy, National Smelting Co., 


a 


INSPECTION OF CASTINGS 
Tuesday, May 7, 10:00 A.M. 

Harold W. Warner, Allis-Chalmers Mfg. Co., 
heirman E. G. Leverenz, American Steel Foundries, 
1icago, Ind. 

and Functions of the Inspection Dept., As Seen by 
ement, by M. D. Johnson, Purolator Products Inc., 
,N. J 

tion—The Backbone of Quality Control, by W. H. 
nan, Samuel Greenfield Co., Inc., Buffalo, N. Y. 
Destructive Inspection of Castings, by C. L. Frear and 
Lyons, Bureau of Ships, U. S. Navy Dept., Washington, 


IIEON—-ENGINEERING SCHOOL ALUMNI GROUPS 
Tuesday, May 7, 12:00 P.M. 
ling—F. G. Sefing, International Nickel Co., New York. 


CANADIAN MEMBERS’ LUNCHEON 
Tuesday, May 7, 12:00 P.M. 
iding—Joseph Sully, Sully Foundry Div., Neptune 
rs, Ltd., Toronto, Ont. 
NoRTHEASTERN Oulo Day 
Tuesday, May 7, 1:00-10:00 P.M. 
hairman—Edw. Follman, Griffin Wheel Co., Cleveland. 


INSPECTION OF CASTINGS 
Tuesday, May 7, 2:00 P.M. 
idinge—E. F. Platt, Sperry Gyroscope Co., Brooklyn, 


Y 

-Chairman—W. H. Gunselman, Samuel Greenfield Co. 
. Buffalo, N. Y. 

anel Discussion—Suppliers’ and Buyers’ Viewpoint of In- 


ion in the Foundry. 


Discussion Leaders: 


O. B. Sandberg, Chicago & Northwestern R. R., Chicago. 
Walter Klayer, Aluminum Industries Inc., Cincinnati. 
John Amoroso, Sterling Engine Co., Buffalo, N. Y. 

G. Dewald, Ampco Metals, Inc., Milwaukee. 

H. Wallace, American Steel Foundries, Verona, Pa. 
Nelson Stuit, Grede Foundries, Inc., Milwaukee. 

F. L. Bender, Chicago Hardware Foundry Co., North Chi- 
£0, Ill. 


REFRACTORIES 
Tuesday, May 7, 2:00 P.M. 
iding—C. E. Bales, Ironton Fire Brick Co., Ironton, 


-Chairman—C. S. Reed, Chicago Retort & Fire Brick Co., 
igo. 

gested Cupola Refractory Standardization, by R. P. 
ns, Chicago Retort & Fire Brick Co., Chicago. 
undry Refractories—Their Properties and Application, by 
Brashares, Harbison-Walker Refractories Co., Pittsburgh, 


efractories in Non-Ferrous Practice, by H. R. Kohl, Algonac 


dry Co., Algonac, Mich. 


> - 


vii 


The Use of Rammed Refractories in Electric Steel Foundries, 
by R. H. Zoller, Zoller Castings Co., Bettsville, Ohio 


MALLEABLE FouNprRY PRACTICE 
Tuesday, May 7, 2:00 P.M. 

Presiding—R. J. Anderson, Belle City Malleable Iron Co., 
Racine, Wis. 

Co-Chairman—D. I. Dobson, General Malleable Corp., 
Waukesha, Wis. 

Malleable Foundry Core Making Practice for Pipe Fittings 
and Small Castings, by D. F. Sawtelle, Malleable Iron Fittings 
Co., Branford, Conn. 

Core Sand Practice and Control in a Mechanized Malleable 
Iron Foundry, by Joseph J. Clark, Saginaw Malleable Iron 
Div., General Motors Corp., Saginaw, Mich 


ALUMINUM AND MAGNESIUM 
Tuesday, May 7, 4:00 P.M. 


Presiding—W. E. Martin, National Smelting Co., Cleveland 

Co-Chairman—aA. W. Stolzenburg, Aluminum Co. of Amer- 
ica, Detroit. 

Committee Report—Unsoundness in Cast Light Alloys, by 
L. W. Eastwood, Battelle Memorial Institute, Columbus, Ohio. 
(A.F.A. Committee on Shrinkage and Porosity 

Report of Committee on Dimensional Stability of Aluminum 
Castings, by Hiram Brown, Solar Precision Castings Co., Des 
Moines. 

The Relation of Design and Metallurgical Factors to Service- 
ability of Magnesium Castings, by G. H. Found, Dow Chemical 
Co., Bay City, Mich. 


Gray Iron SuHop Course (SEssIon 2) 
Tuesday May 7, 4:00 P.M. 

Presiding—-T. E. Barlow, Battelle Memorial Institute, Co- 
lumbus, Ohio. 

Co-Chairman—W. B. McFerrin, Electro Metallurgical Co., 
Detroit. 

Casting Defects Attributable to Metal, A.F.A. Committee 
on Analysis of Castings Defects. 


Lecture Course (SEssion 2) 
Tuesday May 7, 4:00 P.M. 

Presiding——-W. B. McFerrin, Electro Metallurgical Co., De- 
troit. 

Co-Chairman—W. D. McMillan, International Harvester 
Co., McCormick Works, Chicago. 

Malleable Foundry Control, by C. F. Joseph, Saginaw Mal- 
leable Iron Div., General Motors Corp., Saginaw, Mich. 


CHAPTER OFFICERS AND Directors DINNER 
Tuesday, May 7, 7:00 P.M. 
Presiding—A.F.A. Vice-President S. V. Wood, Minneapolis 
Electric Steel Castings Co., Minneapolis, Minn. 
REFRACTORIES 
Tuesday, May 7, 8:00 P.M. 
Presiding—-C. E. Bales, Ironton Fire Brick Co., Ironton, 
Ohio. 
Co-Chairman—C. S. Reed, Chicago Retort & Fire Brick Co., 
Chicago. 
The Lining and Patching of Cupolas, by E. J. Lally, Jr., 
Forest City Foundries Co., Cleveland. 
Information Please on Foundry Refractories—Question and 
Answer Panel. 
Moderator—C. S. Reed, Chicago Retort & Fire Brick Co., 
Chicago. 
Panel Leaders: 
Richard H. Stone, Vesuvius Crucible Co., Swissvale, Pa. 
J. A. Bowers, American Cast Iron Pipe Co., Birmingham, 
Ala. 
E. J. Carmody, Chas. C, Kawin Co., Chicago. 
A. S. Klopf, Lester B. Knight & Associates, Inc., Chicago 


Sanp SuHop Course (Session 2) 


Tuesday, May 7, 8:00 P.M. 


Presiding—D. F. Sawtelle, Malleable Iron Fittings Co., 
Branford, Conn. 











Vill 


Subject—Malleable Molding Sand Control. 
Discussion Leaders: 

E. C. Zirzow, National Malleable & Steel Castings Co., 
Cleveland. 

L. Richard Spann, Eastern Malleable Iron Co., Naug- 
atuck, Conn. 


MALLEABLE FOUNDRY PRACTICE 
Wednesday, May 8, 10:00 A MV. 


Presidinge—W. D. McMillan, International Harvester Co., 
McCormick Works, Chicago. 

Co-Chairman—D. F. Sawtelle, Malleable Iron Fittings Co., 
sranford, Conn. 

Core Practice in an Agricultural Malleable Foundry, by 
Eric Welander, Union Malleable Iron Works, East Moline, II. 

Malleable Core Making Practice, by E. C. Zirzow, National 
Malleable & Steel Castings Co., Cleveland. 


BRASS AND BRONZE 
Wednesday, May 8, 10:00 A.M. 


Presidine—-D. Frank O’Connor, American Saw Mill Machine 
Co., Hackettstown, N. J. 

Co-Chairman—Herman Smith, Federated Metals Div., Amer- 
ican Smelting & Refining Co., Pittsburgh, Pa. 

Observations on Gas Elimination in Non-Ferrous Alloy Cast- 
ines, by George Dalbey, U. S. Navy Yard, Mare Island, Calif. 

Correct Combustion for Crucible Furnace Melting, by A. C. 
Schmid, Jos. Dixon Crucible Co., Jersey City, N. J. 

Conditions of Flow in Bronze Castings, by Lt. J. T. Robert- 
son and R. G. Hardy, Naval Research Laboratory, Washing- 
ton, D. C. 


SAND RESEARCH 
Wednesday, May 8, 10:00 A.M. 


Presiding—H. F. 
nology, Cambridge, Mass. 

Co-Chairman—J. A. Rassenfoss, American Steel Foundries, 
Indiana Harbor, Ind. 

Sixth Annual Report of Committee on Physical Properties 
of Foundry Sands at Elevated Temperatures, by D. C. Wil- 
liams, A.F.A. Research Fellow, Cornell University, Ithaca, 
N. Y 

Heat Absorption of Sand, by H. W. Dietert and Robert L. 
Doelman, Harry W. Dietert Co., Detroit. 

Molding Sand Binders, by L. Jenicek, Prague, Czecho- 
slovakia. 

Measurement and Investigation of Gases Escaping from Oil 
Vojtech Volenik, Czechoslovakia, Czechoslovak 
Foundrymen’s Association Exchange Paper. 


Taylor, Massachusetts Institute of Tech- 


Cores, by 


SYMPOSIUM ON ENGINEERING PROPERTIES OF 
Gray [RON 
Wednesday, May 8, 10:00 A.M. 

Presiding—R. G. McElwee, Vanadium Corp. of America, 
Detroit. 

Co-Chairman—W. E. Mahin, Armour Research Foundation, 
Illinois Institute of Technology, Chicago. 

The Engineering Properties of Gray Iron, by W. E. Mahin, 
Armour Research Foundation, Chicago. 


Note This paper will be published as a separate publication. 


BRASS AND Bronze Rounp TasB_LeE LUNCHEON 
Wednesday, May 8. 12:00 P.M. 

Presiding—-B. A. Miller, Baldwin Locomotive Works, Cramp 
Brass & Iron Foundries Div., Philadelphia. 

Co-Chairman—C. Louis Lane, Florence Pipe Foundry & 
Machine Co., Florence, N. J. 

Molding Sands for Brass and Bronze, by L. B. Osborne, 
Hougland & Hardy, Inc., Evansville, Ind. 

The Effect of Section Size and Chills on Properties of Sand- 
Cast Bronzes, by W. B. George and A. H. Hesse, R. Lavin & 
Sons, Inc., Chicago. 

New Type Exothermic Powders for Making Sound Castings, 
by C. G. Lutts, J. P. Hickey, and Michael Bock II, Boston 
Naval Shipyard, Boston. 





FirtrETH ANNUAL MEETING 





MALLEABLE RouND TaBLE LUNCHEON 
Wednesday, May 8, 12:00 P.M. 

Presiding—J. H. Lansing, Malleable Founders’ Society, 
Cleveland. 

Co-Chairman—A. M. Fulton, Northern Malleable Iron Co., 
St. Paul, Minn.; and K. H. Hamblin, Columbia Malleab): 
Castings Corp., Columbia, Pa. ; 

Atmosphere Indicators in Melting. 

Single and Double Burner Use in Melting. 

Use of Large End Test Bars. 

Sulphur-Manganese Ratios and the Effect on Other Ele- 
ments. 


SAND RESEARCH 


Wednesday, May 8, 2:00 P.M. 

Presiding—B. H. Booth, Carpenter Bros., Inc., Miiwaukee 

Co-Chairman—R. E. Morey, Naval Research Laboratory, 
Washington, D. C. 

The A.F.A. Clay and Fineness Determination Can Be Quan- 
titative, by D. C. Williams, A.F.A. Research Fellow, Cornell 
University, Ithaca, N. Y. 

The Fineness Tests of Molding Sands, by A. I. Krynitsky 
and Margaret Price, Bureau of Standards, Washington, D. C 

The Prevention of Veining and Penetration on Castings 
Made in Synthetically Bonded Sands, by R. E. Morey and 
J. R. Kattus, Naval Research Laboratory, Washington, D. C. 

Behavior of Molding Materials in Their Own Atmosphere 
at Elevated Temperatures, by H. W. Dietert, H. W. Dietert 
Co., Detroit. 


STEEL 
Wednesday, May 8, 2:00 P.M. 

Presiding—H. H. Blosjo, Minneapolis Electric Steel Castings 
Co., Minneapolis. 

Co-Chairman—Charles Locke, West Michigan Steel Foundry 
Co., Muskegon, Mich. 

Bore Cracks in Cast Steel Valves and Fittings, by H. F. 
Bishop, W. H. Johnson, Naval Research Laboratory, Wash- 
ington, D. C., and H. F. Taylor, Massachusetts Institute of 
Technology, Cambridge, Mass. 

Homogenization Heat Treatment of Cast Steel, by P. C 
Rosenthal and J. G. Kura, Battelle Memorial Institute, Co- 
lumbus, Ohio. 

Thermal Relief of Stresses in Steel Castings and Weldments, 
by C. R. Jelm and S. A. Herres, Watertown Arsenal, Water- 
town, Mass. 

Committee Report on Heat Treatment of Steel Castings, 
by E. R. Young, Climax Molybdenum Co., Chicago. 


SYMPOSIUM ON ENGINEERING PROPERTIES OF GRAy IRON 
Wednesday, May 8, 2:00 P.M. 

Presiding—R. G. McElwee, Vanadium Corp. of America, 
Detroit. 

Co-Chairman—W, E. Mahin, Armour Research Foundation, 
Illinois Institute of Technology, Chicago. 

The Ductility and Elasticity of White and Gray Irons, by 
R. A. Flinn and H. J. Chapin, American Brake Shoe Co., 
Mahwah, N. J. 

Gray Cast Iron Tensile Strength, Brinell Hardness and Com- 
position Relationships, by T. E. Barlow and C. H. Lorig, 
Battelle Memorial Institute, Columbus, Ohio. 

Effect of Carbon Equivalent and Section Size on Physical 
Properties of Gray Iron, by K. Geist, Allis-Chalmers Mfg. Co., 
Milwaukee. 

Structural Control for Wear Resistance, by F. G. Sefing, 
International Nickel Co., New York. 

Practical Considerations Affecting the Section Sensitivity of 
Gray Iron, by H. C. Winte, Worthington Pump & Machinery 
Corp., Buffalo. 


Gray Iron SHop Course (Session 3) 
Wednesday, May 8, 2:00 P.M. 
Presiding—-W. A. Hambley, Allis-Chalmers Mfg. Co., Mil- 
waukee. 
Co-Chairman—George W. Anselman, Goebig Mineral Sup- 
ply Co., Chicago. 














rARY OF PROCEEDINGS 


Defects Attributable to Metal, A.F.A. Committee 
vsis of Castings Defects. 


LECTURE CouRSE (SESSION 3) 
Wednesday, May 8, 4:00 P.M. 
line—H. M. St. John, Crane Co., Chicago 
hairman—C. O. Thieme, H. Kramer & Co., Chicago 
ct—Brass and Bronze Foundry Control. 
ssion Leader—D. Frank O’Connor, American Saw Mill 
Co., Hackettstown, N. J. 


RTHEASTERN OuHIO CHAPTER, RECEPTION FOR 
FOREIGN Vistrors, Mippay Crus, UNION 
CoMMERCE BLpo. 
Wednesday, May 8, 5:00 P.M. 
ling—J. H. Tressler, Hickman, Williams & Co., Cleve- 


hairman—W. G. Gude, Penton Publishing Co., Cleve- 


FouNpDRY INSTRUCTORS’ DINNER 
Wednesday, May 8, 6:00 P.M. 


FOREMAN TRAINING 
Wednesday, May 8, 8:00 P.M. 
Presiding—F. E. Wartgow, A.F.A., Chicago. 
neer of Human Relations, by Steven G. Garry, Cater- 
lractor Co., Peoria, Il. 


ENGINEERING STUDENT TRAINING 
W ednesday, May 8, 8:00 P.M. 
Presiding—G. J. Barker, University of Wisconsin, Madison, 


Co-Chairman—C., J. Freund, University of Detroit. 
Panel Discussion—College Graduates us. Employers 


SAND SHop Course (SESSION 3) 
Wednesday, May 8, 8:00 P.M 
Presidinge—E. E. Woodliff, Foundry Sand Service Engineer- 
ge Co., Detroit. 
Subject—Brass and Bronze Sand Covntrol. 
Discussion Leader—W. M. Ball, Jr., Magnus Brass Div., 


National Lead Co., Cincinnati. 


Gray Iron SHop Course (SEssIon 4) 
Thursday, May 9, 8:30 A.M. 

Presiding—E. J. Burke, Hanna Furnace Corp., Detroit. 

Co-Chairman—P. T. Bancroft, Republic Coal & Coke Co., 
Moline, Ill. 

Subject—“The Metallurgy of Carbon Control in the Cupola, 

Ralph A. Clark, Electro Metallurgical Co., Chicago. 

ANNUAL Business MEETING 
Thursday, May 9, 9:30 A.M. 

Presiding—F. J. Walls, President, American Foundrymen’s 
\ssociation. 

President Walls called the meeting to order as the Annual 
Business Meeting of the American Foundrymen’s Association. 
He then introduced T. Makemson, Secretary, Institute of Brit- 

Foundrymen and Official Representative of the British Min- 

of Supply in charge of cast iron production in Great 
Britain, also the first and only Secretary of the International 
Committee of Foundry Technical Associations. Mr. Makemson 
ressed greetings to A.F.A. on behalf of foundrymen of 
pe visiting the Convention. Representatives of 19 coun- 
outside the United States and Canada have registered 
the Convention. These countries were as follows: Argen- 
Australia, Belgium, Brazil, Czechoslovakia, China, Den- 

k, England, France, Holland, Ireland, Mexico, Norway, 

1, Scotland, South Africa, Sweden, Switzerland and the 

ima Canal Zone. 

President Walls then read telegrams conveying best wishes 
the American Foundrymen’s Association from R. Cheers, 

dent, Institute of Australian Foundrymen, and Prof. F. 

President, Czechoslovak Foundrymen’s Association. 
ollowing these preliminaries, President Walls delivered the 


hure 


President's Annual Address, which was followed by the report 
of the Secretary and the report of the Treasure After thes 
reports were presented, Secretary Maloney in presenting the 
report on the Annual Apprentice Contest Winners said that 
the judges had been selected through the assistance of J. G 
Goldie, Head, Foundry Division, and Frank C. Cech, Head, 
Patternmaking Division, Cleveland Trade School, Cleveland, 
both members of the Apprentice Contest Committe rhe 
judges secured were as follows 
Gray Iron Molding 
Grover C. Cole, Forest City Foundries Co., Cleveland 
Frank Weisehan, Ferro Machine & Foundry Co . Cleveland 
Milo Barrett, Chandler & Price Co., Cleveland 
Steel Molding 
Tom West, West Steel Castings Co., Cleveland 
Louis Klein, Crucible Steel Castings Co., Cleveland 
E. C. Zirzow, National Malleable & Steel Castings Co., 
Cleveland 
Non-Ferrous Molding 
Dan Gluntz, Gluntz Brass Foundry, Cleveland 
Edward J. Metzger, Wellman Bronze & Aluminum Co., 
Cleveland 
Fred J. Fredriksen, Westinghouse Electric Corp., Cleveland 
Patternmaking 
Walter Seebeck, Western Pattern Works, Cleveland 
Iom Gallagher, Cleveland Punch & Shear Works, Cleveland 
V. J. Sedlon, Master Pattern Co., Cleveland 
George Gedeon, Aluminum Company of America, Cleveland 
Edward Pierie, Motor Patterns Co., Cleveland 
Pete Rettig, Rettig Pattern Co., Cleveland 
Carl Hamburger, Cleveland Board of Education, Cleveland 
Ray Tisdale, Service Pattern Works, Cleveland 
Frank Hrabak, East End Pattern Works, Cleveland 
James Young, Standard Pattern Works, Cleveland 
George Gibala, Royal Pattern Works, Cleveland 
Mr. Maloney announced the winners in the various classes 
as follows: 
Gray Iron Molding Division 
1st—Lawrence Kinsinger, Caterpillar Tractor Co., Peoria, Ill 
2nd—M. Tamburini, Warden King Ltd., Montreal, Que 
3rd—Harold Young, Cleveland Trade School, Cleveland 
Steel Molding Division 
Ist—Robert Bina, Crucible Steel Casting Co., Cleveland 
2nd—John Pietrzyki, Crucible Steel Casting Co., Cleveland 
jrd—John Kraynak, West Steel Casting Co., Cleveland 
Non-Ferrous Molding Division 
Ist—C. Corriveau, Montreal Technical School, Montreal, 
Que. 
2nd—P. Blais, Montreal Technical School, Montreal, Que 
jrd—-H. Deschamps, Jenkins Bros., Montreal, Que. 
Patternmaking Division 
Ist—R. Dragon, Western Pattern Works, Montreal, Que 
2nd—John Yeich, Birdsboro Steel Foundry & Machine Co., 
Birdsboro, Pa. 
3rd—Michael Simenic, Aluminum Co. of America, Cleveland 
Following announcement of winners, Pres. Walls announced 
that the Association had arranged each first prize winner to 
attend the convention and to receive his award in person. He 
then called the first prize winners to the platform, expressed 
congratulations and presented them with engraved certificates 
and checks for $30.00. The second prize was $20.00 and the 
third prize was $10.00 in addition to the engraved certificat 
After presentation of awards the Secretary of the Associa- 
tion reported on nominations of Officers and Directors for the 
coming year and stated that no additional nominees had been 
received in accordance with the procedure prescribed in the 
Association By-laws. He therefore was instructed by Pres 
Walls to cast the unanimous ballot of the membership of 
A.F.A. for election of the following: 
President (to serve one year): 
S. V. Wood, President and General Manager, Minneapolis 
Electric Steel Castings Co., Minneapolis 
Vice-President (to serve one year): 
Max Kuniansky, Vice-President and General Manager, 
Lynchburg Foundry Co., Lynchburg, Va. 









Directors (to serve three years): 





tor Co., Peoria, Ill. 





H. G. Lamker, Superintendent of Foundries, Wright Aecro- 


nautical Co., Paterson, N. J. 
B. L. Simpson, President, National Engineering Co., Chicago. 
Stowell Wasson, Manager of Chicago and Melrose Park 
Plants, National Malleable & Steel Castings Co., Chicago. 
Director (to serve one year): 

F. J. Walls, Metallurgist and Manager, Detroit Office, In- 

ternational Nickel Co., Detroit 

Following announcement of elections, Pres. Walls introduced 
the newly elected Officers and Directors present. 

Following this brief introduction, Pres. Walls introduced 
Dr. G. H. Clamer, President, Ajax Metal Company, Philadel- 
phia, Pa., who presented the Fourth Annual Foundation Lec- 
ture on the subject of “Test Bars for 85-5-5-5 Alloy, Their 
Factors Affecting Their Design.” (Dr. 
Clamer’s lecture will be found beginning on page 1 of this 
volume. ) 


Design and Some 


Ihe meeting was adjourned upon completion of this lecture. 


STEEL RouNp TABLE LUNCHEON 
Thursday, May 9, 12:00 P.M. 


Presidine—-T. D. West, West Steel Casting Co., Cleveland 
Co-Chairman—-E. C. Troy, Dodge Steel Co., Philadelphia 
Subject—General Discussion on Steel Foundry Practice. 


BRASS AND BRONZE 
Thursday, May 9, 2:00 P.M. 


Presiding—-G. K. Dreher, Ampco Metal, Inc., Milwaukec. 
Co-Chairman—A. K. Higgins, Allis-Chalmers Mfg. Co., Mil- 
waukee. 

The Use of Insulating Pads and Riser Sleeves for Producing 
Sound Bronze Castings, by H. F. Taylor and W. C. Wick, 
formerly Naval Research Laboratory, Washington, D. C. 

Knock-off Risers for Non-Ferrous Castings, by Stanley W. 
Brinson and J. A. Duma, Norfolk Navy Yard, Portsmouth, Va. 

Sealing Bronze Pressure Castings Through Heat Treatment, 
by F. L. Riddell, Naval Research Laboratory, Washington, 
. <s 


PATTERN MAKING 
Thursday, May 9, 2:00 P.M. 


Presidinge—-Frank C. Cech, Cleveland Trade School], Cleve- 
land. 

Co-Chairman—V. J. Sedlon, Master Pattern Co., Cieveland 

The Use of Wood Models in Planning and Design, by G. W. 
Schuller, Caterpillar Tractor Co., Peoria. 

Patterns as the Production Foundry Sees Them, by Guy 


Pealer, Elmira Foundry Co., Inc., Elmira, N. Y. 


Gray IRON 
Thursday, May 9, 2:00 P.M. 


Presiding—T. E. Eagan, Cooper-Bessemer Corp., Grove City, 
Pa. 

Microstructure Related to Properties of Cast Iron, by W. E. 
Mahin and H. W. Lownie, Jr., formerly Westinghouse Electric 
Corp., East Pittsburgh, Pa. 

Cupola Operation and Control, by W. W. Levi, Lynchburg 
Foundry Co., Radford, Va. 

Technical Organization of the French Foundry, by A. Le 
Thomas, President, French Technical Committee of Foundry 
Industries—French exchange paper. 


Jos EvaLuaTION AND TIME Stupy 
Thursday, May 9, 2:00 P.M. 
Presiding—Robert J. Fisher, Falk Corp., Milwaukee. 
Co-Chairman—F. E. Wartgow, American Foundrymen’s 
Association, Chicago. 
What Management Should Know About Timestudy, by Phil 
Carroll, Jr., Maplewood, N. J. 







J. E. Kolb, Pattern Shop Superintendent, Caterpillar Trac- 





FirTreETH ANNUAL MEETIN 


FouNnpry Costs 
Thursday, May 9, 4:00 P.M. 

Presidinge—R. L. Lee, Grede Foundries, Inc., Milwaukee 

Co-Chairman—L. M. Nesselbush, Falcon Bronze Co 
Youngstown, Ohio. 

Subject—Current Foundry Problems and Fundamentals o 
Cost for Small Foundries. 

Meeting Foundry Competition With a Sound Cost Program 
by A. E. Grover, Cleveland Heights, Ohio. 


APPRENTICE TRAINING 
Thursday, May 9, 4:00 P.M. 
Presidine—F. C. Cech, Cleveland Trade School, Cleveland 
Co-Chairman—W. J. Hebard, Continental Foundry & Ma 
chine Co., East Chicago, Ind. 

Panel Discussion: 

Standard Apprentice Training, by Carl F. Haertel, Falk 
Corp., Milwaukee. 

Accelerated Training Program, by W. J. Hebard, Con 
tinental Foundry & Machine Co., East Chicago, Ind. 

Upgrading Systems, by M. J. Gregory, Peoria, IIl. 

Veteran Training, by W. M. Owen, Caterpillar Tractor 
Co., Peoria, Il. 

General Summary, by C. J. Freund, University of Detroit, 
Detroit. 


LecTurRE Course (SEsSION 4) 
Thursday, May 9, 4:00 P.M. 

Presiding—John Howe Hall, General Stee! Castings Corp., 
Eddystone, Pa. 

Co-Chairman—C. E. Sims, Battelle Memorial Institute, Co- 
lumbus, Ohio. 

Steel Foundry Control, by G. A. Lillieqvist, American Steel 
Foundries, East Chicago, Ind. 


APPRENTICE TRAINING DINNER 
Thursday, May 9, 6:45 P.M. 
C. W. Wade, Caterpillar Tractor Co. 
Co-Chairman—John Grennan, University of Michigan, Ann 
Arbor, Mich. 
Speaker—-J. E. Goss, Brown & Sharpe Mfg. Co., Providence, 
R. I.—A Means to Produce Skilled and Leadership Personnel 


Presiding 


A.F.A. ALUMNI DINNER 
Thursday, May 9, 7:00 P.M. 


SAND SHop Course (SEssIoN 4) 
Thursday, May 9, 8:00 P.M. 
Presiding—E. E. Woodliff, Foundry Sand Service Engr. Co., 
Detroit. 
Subject—Gray Iron Sand Control. 
Discussion Leaders: 
H. C. Winte, Worthington Pump & Machinery Corp., 
Buffalo, N. Y. 
T. W. Curry, Lynchburg Foundry, Lynchburg, Va. 
Factors to Consider When Purchasing Core Sand, by H 
Louette, Warden King, Ltd., Montreal, A. E. Murton and 
S. H. Fairfield, Bureau of Mines, Ottawa, Can. 


Jos EvaLuaTION AND Time Stupy 
Thursday, May 9, 8:00 P.M. 
Presiding—Robert J. Fisher, Falk Corp., Milwaukee. 
Co-Chairman—F. E. Wartgow, American Foundrymen’s As- 
sociation, Chicago. 
Round Table Discussion on Time Study Practices. 
Discussion Leaders: 
Phil Carroll, Jr., Maplewood, N. J. 
J. C. Lewis, Associated Engineers, Inc., Fort Wayne, Ind 
APPRENTICE TRAINING 
Thursday, May 9, 8:00 P.M. 
Presidinge—C. W. Wade, Caterpillar Tractor Co., Peoria, I!! 
Co-Chairman—John Grennan, University of Michigan, Ann 
Arbor, Mich. 
Passing On the Know-How, by R. L. Lee, General Motors 
Corp., Detroit. 








ry OF PROCEEDINGS 


SAND SuHop Course (Session 5 
Friday, May 10, 9:30 A.M 
R. H. Jacoby, Key Co., East St. Louis, II] 
Steel Foundry Sand Control 
ion Leader—E. E. Woodliff, Foundry Sand Service 
g Co., Detroit 


Gray [RON 
Friday, May 10, 10:00 A.M 


H. Bornstein, Deere & Co., Moline, Il. 
an—-V. A. Crosby, Climax Molybdenum Co., 


‘ Heat Treatment on the Endurance Limit of Alloyed 
Iron, by T. E. Eagan, Cooper-Bessemer Corp., 
: a 

eering Properties of Heat Treated Cast Irons, by J. S 

International Nickel Co., New York. 
sion of Charts—Cupola Operations Handbook, by R 

Elwee, Vanadium Corp. of America, Detroit 

of Grey Cast Iron Inoculation, by H. W. Lownie, 
rly Westinghouse Electric Corp., East Pittsburgh, Pa 


STEEL 
Friday, May 10, 10:00 A.M. 
C. H. Lorig, Battelle Memorial Institute, Co- 
~ Ohio. 
Chairman—J. A Rassenfoss, American Steei Foundries, 
Chicago, Ind 
ution of Hardenability Requirements in the Steel 
y, by G. Vennerholm, Ford Motor Co., Dearborn, Mich. 
Methods of Quality Control in the Foundry, by J. W. Jup- 
Lebanon Steel Foundry, Lebanon, Pa. 
ittee Report—Production of Steel for Castings, by 


C. E. Sims, Battelle Memorial Institute, Columbus, Ohio. 
Conventional vs. Washburn Risers for Steel Castings, by 
W. E. Jones, American Steel Foundries, Bettendorf, Iowa. 
STEEL 


Friday, May 10, 2:00 P.M. 


Presiding—J. W. Juppenlatz, Lebanon Steel Foundry, 


on, Pa 
Co-Chairman—J. B. Caine, Sawbrook Steel Castings Co., 
nnati 
I lemperature Properties of Certain Steels, by C. E. 
Sims and F. W. Boulger, Battelle Memorial Institute, Co- 
is, Ohio. 
The Production of Grand Slam Bomb Castings, by Basil 
Gray, English Steel Corp., Sheffield, England—Institute of 
British Foundrymen Exchange Paper. 


The Susceptibility of Steel to Hot Tear Formation in Cast- 
by N. B. Gelperin, Moscow Div., State Institute, “Gip- 
gmashe,”” Moscow, U.S.S.R. 

The Technological Principles of Casting Design, by Victor 

M. Shestopal, Stalin Machine Tool Institute, Moscow, U.S.S.R. 

Committee Report on Non-Destructive Testing, by C. W. 

Steel Founders’ Society of America, Cleveland. 


Gray IRON WELDING 
Friday, May 10, 2:00 P.M. 
Presiding—E. C. Jeter, Ford Motor Co., Dearborn, Mich. 


Chairman—John Crowe, Air Reduction Sales Co., New 


Metallurgical Aspects of Cast Iron Repair Welding, by J. 
Blastic, Detroit Diesel Div.; J. A. Griffin, Pontiac Motor 

and J. M. Diebold, General Motors Truck and Coach 

General Motors Corp., Detroit. 

ysical Aspects of Welding Gray Iron Castings, by W. 

r, Ford Motor Co., Dearborn, Mich. 
ling Heavy Gray Iron Sections, by L. J. Larsen, Allis- 
rs Mfg. Co., Milwaukee. 

BRASS AND BRONZE 
Friday, May 10, 2:00 P.M. 

iding—G. P. Halliwell, H. Kramer & Co., Chicago. 
Chairman—A. H. Hesse, R. Lavin & Sons, Inc., Chicago. 
ibution of Mechanical Properties in Sand Cast Bronzes, 


xi 


by R. H. Brouk, R. G. Hardy, and B. M. Loring, Naval 
Research Lab., Washington, D. C 

Committee Report on Manganese Bronze, by G. K. Dreher, 
Ampco Metal, Inc., Milwaukee 

Manganese Bronze, by H. E. Arblaster, Stokes & Sons, Mel 
bourne, Australia, Institute of Australian Foundrymen Ex 


hange Paper 


LECTURE Course (SrEssion 5 


Friday, May 10, 4:00 P.M 

Presiding W. H. Rother, Buffalo Foundry & Mathine Co., 
Buffalo, N. Y 

Co-Chairman—-J. S. Vanick, International Nickel Co., New 
York 

Subject—Gray Iron Foundry Control 

Discussion Leader-—-W. A. Hambley, Allis-Chalmers Mfe 
Co., Milwaukee 


ANNUAL DINNER 
Friday, May 10, 7:00 P.M 


Presidin F. J. Walls, President, A.F.A 

Che Annual A.F.A. Dinner of the Association’s 50th Anni 
versary Convention was called to order by President F. J. Walls, 
presiding. Following entertainment by the Ramblers Quartet, 
arranged through the Northeastern Ohio Chapter, President 
Walls introduced Past President R. J. Teetor, Chairman of the 
Board of Awards 


M: Teetor 


“I am very happy that this 50th Anniversary Convention 
fell to the lot of Pres. Walls, because it is the greatest con 
vention the American Foundrymen’s Association has ever had 
and if any man deserves the distinction of presiding at that 
convention, it is Fred Walls. 

“I do have a duty that is very pleasant this evening, onc 
I have looked forward to and one that I am going to enjoy 
Before introducing the gentleman who will present the various 
awards for 1946, I would like to review briefly the make-up 
and function of the Board of Awards of the American Found 
rymen’s Association. 

“The Board of Awards consists of the seven most immediate 
Past Presidents of the Association. It is their duty to consider 
the achievements of outstanding men who have been active in 
some important phase of the foundry industry, and to evaluate 
those achievements as accurately and scientifically as may be 
possible in order that determination may be made among those 
who should properly be selected for the honor of receiving 
those awards which the generosity of their donors has placed 
at the disposal of the Board of Awards for this purpose 

“The award of a Gold Medal of A.F.A. carries with it the 
distinction of Honorary Life Membership in the American 
Foundrymen’s Association. For outstanding service to the 
American Foundrymen’s Association, either within its organ- 
ization or in connection with the foundry community at large, 
the award of Honorary Life Membership also is available for 
presentation to others who are not medal recipients. ‘This 
year the Board of Awards had made available three Gold 
Medals which carry with them Honorary Life Membership in 
the American Foundrymen’s Association, and two separate 
Honorary Life Memberships.” 

Mr. Teetor then introduced Max Kuniansky, Vice-President- 
elect and 1941 William H. McFadden Medalist, who presented 
the 1946 William H. McFadden Medal to H. Bornstein. Mz 
Kuniansky : 


“Five years ago on this date Mr. Bornstein presented me 
with the Wm. H. McFadden Medal, and it is indeed a source 
of great pleasure and satisfaction for me thus to be honored 
with the privilege of presenting him with the same medal 

“Most of you of the American Foundrymen’s Association 
and the foundry industry know Mr. Bornstein for his splendid 
achievements over the years, for his excellent judgment, for 
his many contributions in the technical fields of the gray iron 
foundry industry. 

“To try to elaborate too much on his achievements is hardly 
possible. His record speaks for itself. He has stood in the 
American Foundrymen’s Association and in the industry for 
the best traditions that we honor. 

“Hyman Bornstein, Director of Testing and Research Labora- 
tories, for Deere & Co., Moline, Ill., and a past President of 
A.F.A., is awarded the William H. McFadden Gold Medal of 


the Association, 








‘For his many and outstanding technological contribu- 
tions to the foundry industry, particularly in the field 
of gray cast iron.’ 

“Recognized internationally as one of the world’s leading 
metallurgists and authorities on cast iron, Mr. Bornstein has 
long been most active in A.F.A. technical affairs. Mr. Born- 
stein, or ‘Hy,’ as he is universally known by his many associates 
and friends, was thoroughly grounded in A.F.A. work, for since 
going with Deere & Company immediately after World War 
I, when he served as Captain in the United States Army 
Ordnance, he has been a most valued and consistent contribu- 
tor and worker on A.F.A. committees in all branches, especially 
in the malleable and cast iron divisions. His work was early 
recognized, for in 1924 he became a member of the Joint 
Committee on Molding Sand Research. Later he was a member 
of the Foundry Refractories Committee, and in 1927 he served 
on the Cast Iron Research Committee and the Malleable Divi- 
sion Executive Committee, being made Chairman of the Gray 
Iron Division in 1929. Among some of his outstanding activi- 
ties was his sponsoring of the Joint Symposia with the A.S.T.M. 
on Cast Metals, which was really the start of the A.F.A. Cast 
Metals Handbook, in which work Mr. Bornstein was especially 
active, being one of the leading editorial writers for the initial 
issue of the Cast Metals Handbook in 1935. 

“In addition to his .\.F.A. technical work, he holds member- 
ship in and has served as a most valued member on com- 
mittees of the American Society for Testing Materials, Ameri- 
can Society for Metals, American Society of Mechanical Engi- 
neers, American Chemical Society, and the Society of Automo- 
tive Engineers. 

“Because of his outstanding work in A.F.A. committees, he 
was first elected National Director in 1932 and served for.a 
term of three years, going off the Board in 1935. However, 
because of his outstanding ability, he was recalled to even 
higher honors by being elected National Vice-President and 
President in 1937, later again serving as Director in 1937-41. 
As a past president he has continued his activities, serving for 
7 years on the Board of Awards until a year ago. During his 
service with the Board of Awards, his colleagues, realizing his 
great service to the industry, frequently wished to recognize 
him by awarding one of the A.F.A. Medals to him, but Hy, 
who is always modest and with the sixth sense of propriety, 
always refused to have his name mentioned. 

“Since serving as President, he has also continued being 
very actively connected with the technical work of A.F.A., and 
now serves on the Annual Lecture Course Committee, Gray 
Iron Division Executive Committee, and on other committees 
too numerous to mention. His guiding hand was found in all 
of the outstanding activities and achievements, and his valued 
counsel is sought by all of his colleagues. 

“It is my pleasure and privilege to present to you, Mr. Born- 
stein, the William H. McFadden Medal of A.F.A. for your 
outstanding achievements in advancing the gray iron foundry 
industry.” 

Mr. Bornstein replied: 

“T have had the privilege the past few years to present some 
of these Medals as a member of the Board of Awards, and it 
certainly was a source of satisfaction to me five years ago to 
present the William H. McFadden Medal to Mr. Kuniansky. 
I hope that he received as much pleasure presenting this medal 
to me as I enjoyed five years ago. It is said that it is more 
blessed to give than to receive, but I must admit that on this 
particular evening I am very happy to be on the receiving end. 

“In accepting the William H. McFadden Medal, I want to 
refer to the men who have worked with me over the years. 
I refer particularly to men who have been associated with me 
at Deere & Company, to those who have served with me on 
American Foundrymen’s Association committees, and to the 
members of the American Foundrymen’s Association Headquar- 
ters staff, particularly Messrs. Hoyt and Kennedy. 

“I assure you that I sincerely appreciate the high honor that 
has been bestowed upon me and I want to express my thanks 
to the Board of Awards.” 

Mr. Teetor then introduced L. N. Shannon, Past President 
of A.F.A., who presented the John H. Whiting Medal to 
Mr. Peter Blackwood. Mr. Shannon: 


“Our John H. Whiting Gold Medal Award is presented 
this year to a man in recognition of his development work on 
centrifugal castings and his influence on the free interchange 
of research data. 

“He was born in Scotland and received his formal education 
in metallurgy, metallography, foundry practice, chemistry, min- 
ing and geology in that country. After coming to America, 
he entered the field that enabled him to gain experience and 
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knowledge of the electric furnace converter, getting his furna: 
practice in the United States and in Canada, after which |} 
held the position of Superintendent of Foundries at Buick an 
Pontiac Divisions of General Motors Corporation. While wit 
General Motors he delivered weekly lectures on foundry pra 
tice, heat treatment and general metallurgy at the Genera 
Motors Institute of Technology. 

“He then became associated with the Ford Motor Compan 
of Canada at Windsor, Ontario, where he still is located. At 
Ford’s Canadian plant he has conducted a great deal of ex 
perimental and production work upon the centrifugal casting 
process. He has given of his experience and knowledge freely 
for a number of years. 

“It was in 1914 that he gave his first paper at the Chicag: 
Convention of the American Foundrymen’s Association, and 
he has been actively interested in the work of the America: 
Foundrymen’s Association ever since that time. He presented 
a paper at the Cleveland Convention in 1916. In 1944, at th 
Buffalo Convention, a paper he presented was one of the out- 
standing contributions to the foundry industry. It was one of 
the best and most comprehensive discussions on centrifugal 
castings. This paper showed amazing developments in _ th: 
centrifugal castings technique in many fields. Again in 1944, 
another paper co-authored by his assistant on the subject of th: 
centrifugal casting process excited widespread comment and 
was instrumental in directing the attention of many foundry 
men to the advantage of this process. . 

“Because of this stimulation of broader foundry work on 
centrifugal castings, and because he has given freely of his 
information through talks before the American Foundrymen’s 
Association Chapters throughout this country, we _ therefore 
confer on Peter Blackwood at this, our 50th Annual Conven- 
tion, the John H. Whiting Gold Medal of the Association.” 


Mr. Blackwood replied: 


“How can I express my appreciation for this honor which 
the American Foundrymen’s Association has so graciously be- 
stowed upon me? As a matter of fact, it is not as an iidi- 
vidual by the name of Blackwood that I am thrilled by this 
presentation. Rather, it is the carrying of this medal over 
the border to God’s own country, where the Canadian found- 
rymen in general gave me a newness of life, new hope, new 
powers, new inspiration, new courage . . . not formal, but vital ; 
not artificial, but spiritual. 

“I will always remember that day about 40 years ago when 
I landed on the golden shores of America representing an old 
Scotch family in the making of pig iron. I remember it more 
because on this day of days, the 50th Anniversary of A.F.A., 
the American Foundrymen’s Association in its brief course has 
brought to me the realities and possibilities of my own exist- 
ence. For yesterday is only a dream and tomorrow is only a 
vision, but today, when we live in the realm of pure, un- 
adulterated brotherhood, makes every yesterday a day of hap- 
piness and every tomorrow a vision of hope. 

“So once again I thank thee from the bottom of my heart 
for this honor which has been bestowed upon me. It is singu- 
lar that during the hectic days of the late war, when we 
were helping out Uncle Sam over the border in jet propulsion, 
it reminds me of the Whiting people, who made this medal 
possible, because its spirit must have been with us to enable 
us to turn an electric furnace into a side-blown converter. 

“Tonight I feel as though I had been turned outside inmost 
and want to thank you again from the depths of my heart 
for this honor.” 

Mr. Teetor then said: 

“Now I have the pleasure not only of introducing the gentle- 
man who will present the next award, but also of introducing 
the Award itself. And I may well begin by saying to you that 
the acceptance of an endowment for an official medal to be 
added to the group of similar awards, which have been made 
available for presentation by the Boards of Awards since 1924, 
is a subject that has had the most careful study by your Board 
of Directors and most careful scrutiny by a special committee 
appointed for that purpose. 

“The endowment of a medal, to be acceptable to the prec- 
edents and ideals of the American Foundrymen’s Association, 
must not only confer honor upon the recipient as selected by 
the Board of Awards, but must by its presentation confer hono1 
upon the donor. In the Peter L. Simpson Memorial Medal, 
the honor is not alone the memory of one of the pioneers in 
the upbuilding of the foundry industry in the Middle West, but 
also one of the early builders of improved equipment designed 
to lighten the labor of the foundryman and to improve the 
quality of his product. 

“There is a further and more potent reason for my especial 
pleasure and gratification in having the privilege of introducing 
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L. Simpson Memorial Medal, and that is the tradi- 
th in the greatness of the industry as well as thx 
owledge of his technique which was exemplified by 
Simpson during his eventful and busy life. Added 
a faith in the integrity of the foundryman himself 
Peter L. Simpson exhibited in his dealing with the in- 
d with the members of the industry, beyond the call 
good business principles. 
y privilege to introduce to you He rbert S. Simpson, 
dent of the American Foundrymen’s Association, who 
possible the institution of the Award which bears 
of his father and who will make the initial presenta- 
he Medal, the Peter L. Simpson Medal, to Howard 


Simpson 
my pleasure to present this Medal. First of all, I want 
that any man must earn his own way in this world. I! 
have to learn that these days. There can be no doubt 
eward of life comes only out of a man’s own effort 
trying to teach that in some of our political life today 
that accurately describes our medalist, Howard Taylor 
ve vou just an idea of what I mean by his making his 


Mr. Taylor is a comparatively young man. He was born 

in the State of Michigan, and lived on a farm until 

11 years of age. When he was 12, his parents moved 

ll town in Michigan, where he was a newsboy, work- 

ghts and Saturdays in a tire and battery shop. From 

of 13, he worked for five years for the Michigan State 

y Department for four months each summer, and in 
neous stores during the school months 

attended high school at Elk Rapids, Michigan, where 

orked in a hotel for his board and room, until the time 

18 years of age. He then enrolled at Michigan State 

( ee and for the following two years worked nights and 

ends in the college foundry where he molded, melted 

tal, poured, shook out, tumbled and cleaned all shop cast- 

[hey made castings from different metals with the ex- 

eption of steel, and later Mr. Taylor got into the steel casting 

field. Later on, he received his B.S. Degree in Chemical En- 

ing at Michigan State College and then returned for a 

to post-graduate work, during which time he worked as 

graduate assistant in metallography and gas and fuel analysis. 

In 1937 he became associated with the Naval Research 

Laboratory in Washington as Assistant to the Welding Engi- 

Under the able influence of Messrs. Charles W. Briggs 

Roy A. Gezelius, he became affiliated with them in the 

casting section and after they left he became head of that 

of the Naval Research Laboratory. Later, he became 

nant in development of various metals at that laboratory 

From that time on, his interest in the foundry field led to 

th ferrous and non-ferrous metals. However, he was always 

ng knowledge, so in 1945 he went to Massachusetts In- 

te of Technology with a leave of absence from the Naval 


R rch Laboratories, to do graduate work. Incidentally, part 
his expenses are defrayed by the Gray lron Founders’ So- 
ty and the balance of his expense he makes up by his own 


ilting work. 

He was married in 1939 and now has two potential little 

ndrymen, one for each side of the ladle. 

His work has been outstanding, particularly his determina- 
ind persistence to acquire knowledge, which ‘exemplifies 
edal presented to him. 

[t is my great honor and pleasure to present, for the first 
the Peter L. Simpson Gold Medal of A.F.A. to Howard 

l'avlor.”’ 

Mr. Taylor replied: 


In accepting this Peter L. Simpson Award, I do so in appre- 

tion of the work, cooperation and efforts of my colleagues 

he Laboratory and the moral support and encouragement 
ry man with whom I have come in contact in the foundry 

istry 

| think that all I need to say is that this is one of the 
dest and happiest moments of my life. Thank you.” 

Mr 


\ 


leetor then presented Honorary Life Membership to 
old J. Roast, saying: 


I have the privilege of presenting the Honorary Life 
bership to Harold J. Roast in recognition of his many long 
continued contributions to the literature and cooperative 
rprise of the foundry industry, both in the United States 
Canada. 

‘t is not especially important to report that Harold Roast 
ce-President of the Canadian Bronze Company, Ltd., with 
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its several subsidiaries, and that he is owner of the Roast 
Laboratories of Montreal, but rather to stress the fact that he 
has used the opportunity that these distinctions have afforded 
him to give as much of his time, and overtime, to the prepa 
ration of technical and scientific contributions to the technical 
press of Canada and to the United States. He has for many 
years served McGill University of Montreal as a lecturer on 
subjects of metallurgical interest, and he has served the Amet 
ican Foundrymen’s Association as Chairman of the Non-Ferrous 
Division. In Canada he was a stalwart proponent of American 
Foundrymen’s Association interests and is a Past President of 
the Eastern Canada and Newfoundland Chapter 

“Born in London, England, Harold Roast, notwithstanding 
his many years in Canada, has retained his active interest in 
technical developments in England through his Fellowship in 
the Chemical Society of London 

“In recognition of outstanding achievement in the field of 
education and literature and scientific pursuits, I have great 
pleasure in presenting to you, Harold Roast, on behalf of the 
American Foundrymen’s Association, this Honorary Life Mem- 
bership 

Mr. Roast replied: 

“I feel that I should pay tribute to the spirit of unselfish- 
ness and good neighborliness that I have found characteristi 
of American foundrymen in my many years of association with 
them, and particularly of the recognition which they so gener- 
ously give to the small minority of Canadian foundrymen 

“The American Foundrymen’s Association provides the Ca- 
nadian foundrymen, particularly the young men, with many 
opportunities for work and for help. We will do our part in 
reciprocity by working all we can for the American Foundry- 
men’s Association 

“One thing that I think has helped so much the prosperity 
of the Association is the fact that in the American Foundry- 
men’s Association, everyone has the opportunity of work and 
the opportunity of reward. I think we cannot do better than 
think of Carlisle in connection with this matter of work when 
he said, ‘For work is the grand cure for all the maladies and 
miseries of life.’ But he is careful to enter this postscript: 
‘Honest work that you intend getting done.’ 

“Mr. Chairman of the Board of Awards, I would again 
thank you and the Board for the consideration given to mé 
and for the honor which has been conferred upon me.” 

Mr. Teetor then introduced Past President L. C. Wilson, 
who presented the Honorary Life Membership certificate for 
William J. Coane in these words: 

“It is a privilege and an honor for me to present Honorary 
Life Membership of the American Foundrymen’s Association 
to William J. Coane at the 50th Anniversary Celebration of 
the American Foundrymen’s Association. He is an original 
member of the American Foundrymen’s Association and has 
continued his affiliation for the 50 years of its existence. He 
is one of the few living members who attended the first Con- 
vention of the Association in 1896, and was active in the local 
group whose efforts made that meeting possible. 

“Mr. Coane was born in Philadelphia, attended the Friends 
Schoo! and finished his education at Central High School 
He began his active labors of his career with the Joseph 5 
Dixon Crucible Company at Jersey City, New Jersey, serving 
as Manager of the Company’s Philadelphia division for 26 
years. In 1912, Mr. Coane became Vice-President of the Ajax 
Metal Company, a position he held continuously until his recent 
retirement as Vice-President and Director 

“His contributions to business and community life have been 
winning for him wide admiration and confidence for years 
For 15 years he was a member of the Executive Committee of 
the Non-Ferrous Ingot Metal Institute of Chicago, and for 
many years has represented that organization in the capacity 
of National Councilor in the Chamber of Commerce of the 
United States. 

“We regret that Mr. Coane’s illness made it impossible for 
him to receive the Association’s recognition in person. How- 
ever, he has sent an able substitute to represent him and re- 
ceive the award on his behalf. It is my pleasure, therefore, 
to introduce Mr. Coane’s associate of many years, Dr. G. H 
Clamer, president of the Ajax Metal Co. and a Past President 
of A.F.A.” 

Dr. Clamer accepted the award on behalf of Mr. Coane 
with the following remarks: 

“Mr. Coane, or ‘Uncle Billy,’ as he is affectionately known 
to many of you, has been a business associate of mine for over 
30 years. We have been friends beginning with about the time 
the American Foundrymen’s Association was organized in Phila- 
delphia, 50 years ago. 

“Mr. Coane now is 79 years old. He is very ill at this time 
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and greatly regretted that he could not be here. He was re- 
cently forced to retire from active business. It was at a time 
when he was feeling mighty low that the word came to him 
that he was to be honored by his friends in the American 
Foundrymen’s Association. I leave it to you to imagine the 
great joy and thrill it was to him under such circumstances to 
receive word of that kind. 

“He has sent me the following message for you: 

“*Kindly express my sincere appreciation to the Board of 
Awards, to President Walls, and any others who have been 
responsible for conferring upon me Honorary Life Membership 
in the American Foundrymen’s Association. It is a great satis- 
faction to me to know that the Association has carried on so 
successfully for 50 years. I am proud to have been one of the 
original organizing groups. I deeply regret my inability to be 
present at the Golden Anniversary to receive in person the 
honor conferred upon me, but extend to the members my 
heartiest wishes for the continued success of the American 
Foundrymen’s Association.’ ”’ 

Mr. eetor then turned the meeting back to President Fred 
Walls who introduced the guest speaker, Brig. Gen. Donald M. 
Armstrong as follows: 

“Our speaker’s subject, “The Foundry In War and Peace,’ 
is of paramount interest to everyone connected with the 
foundry industry, for certainly no industrial group contributed 
more to the war effort than did the producers of castings. 
Our speaker is exceptionally qualified to discuss this subject, 
not only because of his meritorious career in the United States 
Army, which extends over a period of 35 years, but because he 
is today responsible for re-establishing liaison between the War 
Department and industry. 

“A graduate of Columbia University, Commissioned as Sec- 
ond Lieutenant in the Coast Artillery in 1910, he served in 
the first World War on the Staff of the Chief of Artillery of 
the American Expeditionary Forces and with the Fourth 
French Army. Following the war, he was detailed for four 
years as Assistant Military Attache at the American Embassy 
in Paris and is a graduate of the French Ordnance School. 
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“Transferred to the Ordnance Department, he served 
Instructor at the Army Industrial College during the period « 
1927 to 1931. During the years 1931 to 1935, he served a 
a member of the Field Artillery Board, and then was on dut 
in the Office of Chief of Ordnance as chief of Maintenan 
Division the following four years. 

“On July 2, 1939, as Lieutenant Colonel, our speaker wa 
appointed Deputy Chief of the Chicago Ordnance District 
Within three months he was promoted to Colonel and o: 
May 20, 1942, received the well deserved and coveted sta 
of a Brigadier General. The following September the Genera 
was transferred to Detroit to establish the tank automotiv: 
center, and three months later was appointed Commanding 
General of the Ordnance Replacement Training Center, Abe 
deen Proving Grounds, Maryland. 

“With the attention of the world focused on organizing fo: 
peace to prevent future wars, our speaker comes to us at 
mostly timely moment. Outstanding in his military career is a: 
exceptional understanding of the potentiality of industry and 
complete knowledge of its problems. Most important of all, he 
has acquired the admiration of all industrialists who have had 
the good fortune to have had contact with him. 

“Today he is charged with the responsibility for peace-tim«: 
planning for the requirements of war, and his is the responsi- 
bility for establishing that highly important liaison between 
industry and the Industrial Division of the Army. 

“TI take pleasure in introducing to you one of the foundry’s 
best friends, the Commandant of the Army Industrial College, 
Washington, D. C., Brigadier General Donald Armstrong.” 

Brig. Gen. Armstrong then presented his address entitled 
“The Foundry in War and Peace.” 

On conclusion of the talk by Brig. Gen, Armstrong, Presi- 
dent Walls expressed his appreciation for the General’s en- 
couraging and stimulating words and turned the meeting ove: 
to T. N. Johnston of the Northeastern Ohio Chapter, Chair- 
man of the Banquet Committee, for a brief message. Th: 
banquet meeting adjourned at 10:18 P.M., followed by an 
evening of dancing. 
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By Frep J 


S, our “Golden Jubilee Convention” and our 

nth convention in the great city of Cleveland, 
than a celebration of the fiftieth anniversary of 
nding of the American Foundrymen’s Associa- 


marks a half-century of accelerated progress in 


ngs industry unmatched in all the previous 5 
This is the golden 


the anniversary of a transition 


or more of its history. 
f a renaissance, 
-of-thumb to an industry built upon solid scien- 
indations, upon chemistry, upon physics, upon 
irgy, upon mec hanical engineering, and upon 
1es which modern research is developing daily. 
uuld not be possible, nor would it appear neces- 
attempt to recount each of the great advances 
indry and its allied industries have made over the 
years. They are certainly.vivid in the memory 
many here who have served 50 years in the 
and the youngest among us can ap- 
how great has been this transition that brought 
ling from a mysterious art, fortified by little more 
elters’ and molders’ secrets, to a scientific plane 
hich it is equal to the most exacting requirements 
duction for war or for peace. 


nembers of A.F.A. 


we are naturally, and justly, 


id of the progress in the industry we serve. And we 


rroud, too, of the fact that the half-century of our 
try’s greatest advances parallels in time the first 50 
f our Association. This is not to claim, however, 
\.F.A. deserves the credit. 

credit for the great progress of the industry be- 
to the men of the foundry industry and to the 
lied with it, eager for its constant improvement, 
to the ever-growing number of tireless workers 


n and without the industry who have been un- 


ng in their researches to its advantage. But proud, 


d, we may be of this: These men are A.F.A. 


1896 Resolution 
that month of June of 1896 when 345 foundry- 
gathered in Philadelphia and organized the A.F.A., 
resolved that “it is desirable that the interests of 


oundry business be furthered by a closer association 
ong all the foundrymen of America in order that any 
rovements or valuable information concerning the 
ness, or any portion of it, should become as widely 
able as possible.” 


year later at the Association’s second annual con- 


on, held in Detroit, its first president, the late 


is Schuman, said, “We are here to formulate ways 


means toward the advancement of our industry, 


“International Nickel Co., Detroit. 
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art and a source of benefit to thos 


both as an echani 
engaged in its practice 
Mr. Schuman further stated, ‘“The 


quality and form of foundry prod 


continued growth 


in exceptional size, 
ucts to meet the special purposes intended by the en 
a knowledge of the 


predecessors evet 


compel the application ol 
that our 


ineer, 


science far beyond any 
thought of; and not only does this apply to the leader, 
whether superintendent or foreman, but equally to the 


business.” Mr 


19 years ago is perhaps more i 


handicraftsman in all branches of our 


Schuman’s statement 
perative today than it was then. 
A more formal expression of the objectives of thi 


A.F.A., 


“to promote the arts and sciences applicable to metal 


as outlined in its articles of incorporation, 1s 


casting manufacture and to improve the methods of 
production and the quality of castings, to the end that 
the increasing utility of all classes of castings may result 
advantageously to all persons engaged in the foundry 
and related industries and to all users of foundry 
products.” 

In its 50 years of service to the castings industry. 
A.F.A. has never lost sight of the objects for which it 
was organized. It has grown tremendously and parallels 
the progress made in the great industry it serves. 

Its most important work continues to be the mainte- 
nance of media for the free interchange of technical in- 
formation, the encouragement of research and unre- 
stricted discussions of new developments, the cultivation 
of skills and the of knowledge among 
those practicing the scientific art of founding. In short, 


its purpose is the promotion of the science of founding 


dissemination 


The Transactions, chronological records of foundry 
progress and practice over 50 years, whose pages total 
well your Association 
has served as a clearing house of information. And I 
dare say, without boasting, that there is not a single 
major development in foundry practice they do not 


over 31,000, is evidence of how 


record. 
Out of the effort of A.F.A. 


of practical lasting value to the industry, and for those 


to disseminate information 


who will enter it, has grown a foundry technical library 
of some 5,000 pages. The most recent addition is a 500- 
page publication of the Cupola Research Project-—Tut 
CupoLta OPERATIONS HANDBOOK. 

This book is the work of over 125 outstanding gray 
iron metallurgists and practical foundrymen. It is the 
most complete and modern reference ever published on 
this most used type of melting furnace. Supplementing 
this library are numerous other publications, symposia, 
committee reports, and special studies with which you 
are familiar. 

American Foundryman 


I should like to say a few words about our monthly 
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technical magazine, AMERICAN FOUNDRYMAN; and in 
this reference I am certain we are justified in unlimited 
boasting. I am proud of AMERICAN FOUNDRYMAN in 
its new dress, proud of its wide acceptance interna- 
tionally as well as nationally, proud of the reader in- 
terest it commands, proud of the staff who made it 
what it is and of their future plans; and I cannot help 
but think that everyone of you are proud of it, too. 

The working committees of A.F.A. are the foundation 
heads of the vast stream of technical and practical in- 
formation which continues to be channeled with in- 
creasing volume to our membership, to schools, to other 
societies and to all who are interested in the production 
and use of castings. On these committees over 500 in- 
dividuals are giving willingly and freely of their time, 
their skill and their experiences in appreciation of the 
fact that there is no real progress unless all progress. 

We salute these men and sincerely thank them for 
their invaluable contributions to the great progress of 
the castings industry and to the assurance they give that 
even greater strides will be made in the years to come 
through their collective efforts. 

The willingness of men to serve on A.F.A. committees 
is notable and significant. As early as 1910 Arthur T. 
Waterfall, then president, commented at the Associa- 
tion’s fifteenth annual convention, “Those of you 
present, who can look back to the earlier years re- 
member the difficulties encountered in getting men with 
courage to tell of their experiences and their successes 
in producing a better class of work at less cost, will 
note today the eagerness of foundrymen to give this in- 
formation to their chosen industry. No longer do they 
surround the foundry industry with the air of mystery 
that formerly enveloped it, realizing now that in the 
interchange of ideas we are mutually helpful.” 

Truly, we are celebrating here today the Golden 
Jubilee of a renaissance, for this philosophy is truer 
today than it was then. 

From the first days of its organization, the Associa- 
tion has cooperated in the problem of training men 
from the elementary stages of apprenticeship through 
to compiling and disseminating information constantly 
sought by students and teachers alike. By providing 
apprentice awards, it has recognized and given impulse 
to the importance of training young men in the art and 
science of founding. 

The Cost Committee, one of our oldest committees, 
has constantly emphasized the importance of sound cost 
determination and given impetus to the excellent cost 
systems developed by various foundry trade associations. 


8300 Members 

Membership growth of A.F.A. has been nearly a 
straight line since the formation in 1934 of the first of 
our 33 Chapters. Today, our membership is near 8,300 
(to be more exact, 8,285), which is a record high. That 
the interest in A.F.A. extends throughout the world is 
attested by the number of foreign members and guests 
attending this convention. 

The leadership which your Association assumed in 
establishing an exchange of technical information with 
foundry associations in other countries is renewed and 
expanded at this convention. Attending this convention 
are representatives of 19 foreign countries and the 
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presence of these visitors from abroad, many of the 
A.F.A. members, emphasizes the international aspect 

foundry cooperation that forms the basis for your Ass: 
ciation’s progress. 

On Monday, this convention received a paper fro: 
the Foundrymen’s Association of Czechoslovakia. Tod: 
and tomorrow, exchanges from France and England wi 
be presented. The first of a new series of exchang 
papers, that of the Institute of Australian Foundryme: 
will also be presented. 

We are happy to cooperate with our friends “dow: 
under” and extend to their membership our sincere goox 
wishes. Among my hopes is one for the continuation o 
our International Foundry Congress. Later today a1 
Organizational Committee is meeting to consider futur: 
plans. 

Exhibit Space 

Everyone here has viewed, and will see again, the in- 
teresting and instructive exhibits of foundry equipment 
materials and services which fill the six halls covering 
eight acres of this Auditorium. To the 280 exhibitors at 
this Golden Jubilee Foundry Show, we express our ap- 
preciation and we sincerely hope that their efforts hav: 
been worth while. 

To the members of the Northeastern Ohio Chapter, 
our host chapter, we express our sincere thanks for all 
that you have done in helping us make this event thi 
success it has proved to be. 

The technical program, comprising nearly 150 papers 
and addresses, panels and round table discussions, as- 
sumes gigantic proportions when compared with th 
technical program of our first meeting at which less 
than half a dozen were presented. 

For 50 years it has been the privilege of the presidents 
of your Association (43 of them) to summarize for the 
membership the activities of the fiscal year. So many 
things have happened since last July that I am sure | 


would be abusing this traditional privilege were I to 


attempt to mention all of them. 

I assure you, however, that your Executive Commit- 
tee and your Board of Directors have carried out faith- 
fully, ably, and without hesitation, all the responsibilities 
you have entrusted to them. And each of their actions 
was guided by one question alone: What will be for 
the best interests of the foundry industry and the Ameri- 
can Foundrymen’s Association ? 

No Executive Committee or Board of Directors ever 
hopes, of course, to satisfy completely the unstudied de- 
sires of more than 8,000 individuals. We have appre- 
ciated most of the criticism received because it has been 
constructive and will be helpful in future decisions of 
new boards. 

Unpredictable circumstances made it necessary to call 
several special meetings of the Executive Committee in 
addition to the regular meetings held every two months 
As president, I should like to acknowledge my sincer: 
appreciation for their time, their patience and thei! 
sound advice. 

During the fiscal year, we saw the cessation of hostil 
ities, the end of World War II, and with it the turmoil 
of reconversion. The uncertainties imposed upon th: 
castings industry by these events have been reflected in 
the work of the Association and have added tremen 
dously to the burdens of our staff. 
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coupled with the growth in membership and 
nstant desire to increase our service, necessitated 
| additions to the headquarters’ staff in Chicago 
Hoyt and 
Kennedy, and to our Secretary, Bill Maloney, prais: 
credit for the 
d We are 
d under very difficult conditions. 


Technical Director Hindle 
Norm Hindle was taken seriously ill 


these new men and women, and to Ed 


success of this convention are ac- 
proud of the job they have accom- 


Early this year, 
vhile he is coming along nicely, his doctor would 


I know that 


much as. all of us miss 


ermit him to attend this convention 


misses being here as 
him here to participate in the fruits of his 

ring efforts. 

in March 15th of this year, Miss Jane Reininga, th 

assistant after active 

She joined the 


ff at the time Ed Hoyt was first elected secretary and 


sociation’s treasurer, retired 


vice of 30 years as a staff member. 


rved successively as stenographer, bookkeeper, offic« 


manager, and was appointed assistant treasurer in 
1941. We miss her in the many positions in which she 
had so faithfully and tirelessly served, and we wish her 


very measure of happiness and the best of health in 
her retirement 


lo meet the challenges from within and without the 


f 


oundry industr¢, your Directors authorized the Secre- 
tary to proceed with enlarged educational, research, 
publication and publicity programs, most of which are 
well under way. The details of these plans will be fur- 
ther outlined at the forthcoming Annual Chapter Chair- 
en’s Conference to be held on July 24-25, prior to the 


Annual Board Meeting. 
A.F.A. Financially Sound 


I am more than pleased, and exceedingly proud, to 
be able to report that, through your cooperative effort, 
the Association is stronger financially than ever before. 
Its financial statements reflect not only greater activity 
and good management in your interest, but also a greate1 
appreciation among foundrymen and the men of allied 
fields of the dollars-and-cents value of cooperative effort 
along technical and educational lines, plus a strength- 
ened confidence that by working together we progress 
and by keeping together we achieve the success we are 
seeking 

The 1945-46 budget of the American Foundrymen’s 
\ssociation, with a provision for surplus, totals above 
one-third of a million dollars. Reflecting steady growth, 
greater service, wider participation, it is the largest 
More than that, it 
is conservative. Giving greater service, we are living well 


budget in the Association’s history. 


within our income; and we are financially able, with 


ur service value-tested, to put forward a greater coop- 
erative effort. 

In the 1945-46 budget, income from membership 
dues for the fiscal year ended June 30th was estimated 
at $135,000.00. In the first 10 months of the fiscal 
year dues have actually totaled $148,444.85. Anticipated 
advertising revenue from AMERICAN FouNDRYMAN for 
the fiscal year was placed at $75,000.00. As of May Ist 
sales of advertising totaled $82,440.76. 

Receipts from sales of exhibit space and from exhibit 


permits is also greater than anticipated. In short, in- 
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sources in the first 10 months of this 


from all 


corn 


fiscal year has been about 16 per cent greater than 
the total anticipated for the full year 

I have pointed out that we are 
budget. As a matter of fact. 


operation for 1945-46 has 


living well within out 


estimated total cost ol 


proven, by the experience 


of 9 months of actuality. to be as high as estimated 
income has proven to be conservative. As of March 
iIlst, we were within the budget for the full vear by 


better than $158,000.00 

You will be interested in learning that the 
budget refunds 
For the 1945-46 fiscal year refunds 
to chapters have amounted to $25,333.76, an 
than $2,800 a 
$2950 a 


1945-46 
underestimated the item of chapter 
first 9 months of the 
average 
estimated 


im reas d 


of more month, 


against an 


Vhis 


membership, in addition to the increase in chapter re- 


average of month reflects 
fund rates as provided in the new dues structure which 
went into effect last July. 

I regret, exceedingly, that I was unable to visit 


all the 


chapters during my term as president. My intentions 


I assure you, were excellent, but travel conditions and 


Association headquarters’ demands prevented. You will 


pardon me if I say that these same excuses apply also to 
Secretary Bill Maloney 

However. we managed to visit most of the chapte rs, 
that they af- 
forded an opportunity to discuss with the chapter board 
members our mutual problems and to take back to the 
National Board many excellent suggestions of benefit to 


and those visits were valuable to us in 


all the membership 


Regional Conferences Helpful 
It was my good fortune, also, to be able to attend 
four Regional Conferences. They impressed me greatly 
as educational media and as effective means for widen- 
ing an appreciation of the foundry industry and its best 
practices 
I have given you a very sketchy report, but I hav 
purposely hurried in order that I might impose upon 
dreams as to the 
future of the American Foundrymen’s 


your indulgence to give you some 
Association and 
this fiftieth 


birthday marker, we can only imagine the magnitude of 


the great industry it serves. As we pass 
the one hundredth marker. 

We must borrow some time from our present problems 
and utilize it for the placing of more permanent beacons 
if we are to guide our ship through the unknown cur- 
rents we are running into and thus avoid drifting in the 
wrong direction. Under our charter as a_ technical 
society we cannot enter into the construction of, nor the 
placing of, the most important lighthouses that mark 
the channel to future progress and prosperity in the cast- 
ings industry. 

If we assume that the now dim lights in these beacons 
faith 


and build 


will brighten in due course, and we must have 


that they will, then we have only to locate 
one important lighthouse, science and its application. 

It is wonderful for an Association to be an integral 
part of an industry so old that we cannot trace its be- 
ginning and yet so young in its scientific developments 
that we cannot comprehend its future. The mysteries 
of its birth may be hidden deep in the earth’s rocks, but 
its future progress lies in the individual and cooperative 


efforts of those associated with it. 
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The future of the foundry industry and that of this 
Association is what we make it, and that is dependent 
upon our concept of what it should be. 

I can visualize the A.F.A. membership tripled and 
with at least 50 chapters. It will not take a half-century 
to accomplish this, for it can be done in a decade, and 
I suggest that we pilot our ship toward that beacon. 
The organization dates of five chapters fall within the 
year 1945 (Oregon, Saginaw Valley, Northwestern 
Pennsylvania, Mexico City and Central Illinois). 

Obviously, there is room for chapter growth. Ohio, 
for example, has 522 foundries (as listed by Penton) 
and five chapters, or a chapter for approximately every 
100 foundries in the state, if we disregard some over- 
lapping. If this is an ideal situation, and it seems to be 
in keeping with the benefits derived from chapter ac- 
tivities, then we should have 50 chapters in the United 
States alone. 

If we add to these the requests we have had recently 
from other countries, our goal should be even higher. 
To me, this is a definite indication of the desire for 
free exchange of ideas, as mentioned earlier. 

What about the future foundry, its equipment, its 
personnel, and its processes? The great developments, 
stimulated by the requirements of war, already are 
projected into peace-time production. It seems only 
logical that, as challenges from developments in other 
industries appear, they will stimulate developments in 


the science of casting. 
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Although they might now. seem fantastic, gasless 
cores and molds, waterless binders, fireless melting units, 
castings that require no cleaning and with dimensional 
tolerances close to machining tolerances, all appear 
possible. 

Mechanical equipment in industry to eliminate 
drudgery will parallel similar developments in the future 
home. Working conditions in all industries will parallel 
changing living standards. We all like pleasant dreams 
and dread horrid ones. Before I expose my dreams to 
possible ridicule by future generations, I must return to 
the present. 

Let us have confidence in our ability to overcome all 
challenges and content our minds with the fact that 
throughout the history of the world the casting process 
has always survived and progressed with every advance 
in science, culture, or even revolutions. We must put on 
a bigger front and have the courage of our own con- 
victions. 

In closing, I wish I were capable of expressing to 
you how grateful I am for the privilege you have ac- 
corded me, that of serving you as president of the 
American Foundrymen’s Association during its Golden 
Anniversary Year. I consider the Presidency of the 
A.F.A. the highest honor a foundryman can hope for 
and the highest honor he can receive. I am certain that 
every one of the 43 men who have preceded me in 
this high office were as deeply grateful as I am for the 
opportunity to serve a great Association. 
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mu, the Annual Report of the Secretary of the Asso- 
details the development and current status of all 
activities. Looking back in perspective, the pro- 
ars as one involving considerable adjustment, beset 

isual and perplexing problems. For their solutions 

express our sincere appreciation and gratitude for 
nt and untiring assistance rendered the National 
ff by President Walls and all members of the Execu- 


ittee: Vice-President Wood, past President Teetor 


tors Wilson, Wallis and Smith. Their assistance and 

of Ed Hoyt and Bob Kennedy, has been of in- 
value in our ability to complete the year successfully 
dd further to the strength and prestige of the Asso- 


ore of a revelation has been the continued and 
ted support rendered by the membership at large, 
ngs into sharp focus the good foundation built by 
o preceded the present Secretary. It has been his 
to inherit the accomplishments of the past, as it is 
responsibility to add further to them. 

the year 1945-46 the following activities and de- 
ts deserve special mention: 


Membership 
S 14 years ago the then Secretary of American Foundry- 
\ssociation presented an Annual Report and pointed 
with justifiable pride to a total membership of 314. He men- 


specifically members in England, Scotland, Wales, Ger- 
and Holland and stated that other inquiries “may result 
xtending the usefulness of our Association and go to show 
the world is taking note of American foundry practice, 
s presumably wondering how we can afford to be so liberal 
with our information.” 

\s of June 30, 1946, the membership of A.F.A. totaled 
8,539, compared with 7,815 on June 30, 1945. This con- 
tinued phenomenal growth occurred in spite of a substantial 

crease in certain member dues, and against all predictions 
that reconversion following the end of the war would result in 
rial membership losses. As a matter of fact, it was esti- 

ted that the immediate result of these two factors might 
well be a loss of up to 12.5 per cent of our membership; 

tually, we achieved a net gain of 724 members, or 9.26 
per cent 

Of the total of 8,539 members on June 30, 1946, 7,767 or 
90.8 per cent were affiliated with Chapters; 772 held no Chap- 
ter affiliation, of which 392 reside in countries outside North 
(America. The chart of membership growth for the past 50 

us (Fig. 1), a chart prepared for the 1946 Chapter Chair- 

Conference, illustrates the phenomenal growth in mem- 

ship since the first Chapter was established in 1934. 

For purposes of achieving continuous growth in membership, 
we should keep in mind a definite goal on memberships during 
46-47. No membership “campaign” as such is contemplated ; 

ther, the concentration will be on (1) converting Company 

Sustaining memberships, (2) converting Personal to Com- 

memberships, and (3) increasing the number of Personal 

\ffiliate) memberships held by Company members. 


Chapters 

ng the past year two new Chapters were installed, the 
City Chapter, and the Central Illinois Chapter with 
irters at Peoria, Ill. This brings to a total of 33 the 
of A.F.A. Chapters established since 1934, although 
hapter is now inactive—the University of Minnesota 
S t Chapter. It is hoped that this Student Chapter can be 
nized as greater interest is shown in foundry work at 
sota. 

are good possibilities for creation of new Chapters 
the coming year, and the National Office, with the 
il of the Directors, will concentrate on these possibilities. 
teering Committee has been formed at Seattle, Wash., 
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and prospects for a Chapter this fall are good. Steps are being 
taken toward establishing A.F.A. groups at other foundry 
centers, and we still are hopeful for a Chapter in the New 
England states. A more recent possibility concerns Central 
Michigan, where interest has already been evidenced 

There is evidence to show that size is not the main criterion 
for the activity and accomplishments of an A.F.A. Chaptet 
For example, the Northwestern Pennsylvania Chapter founded 
in 1944-45 and with a membership of 134 has been most 
aggressive during the past year. In June they staged a public 
exhibition to emphasize the importance of the foundry industry 
and over 5,000 people attended, showing great interest in th 
displays and events 

During the past year President Walls, in many cases accom 
panied by the Secretary, visited a large number of Chapters 
and other visits were made by additional Officers, Directors, 
and members of the National Office Staff. We recommend for 
the consideration of the Directors that every A.F.A. Director 
endeavor to visit at least one Chapter each year, since the 
burden of official visits by only one or two National Officers 
has become burdensome and time consuming. 

Chapter Chairman Conference. On July 24-25 we staged 
the Third Annual Chapter Chairman Conference at the Stevens 
Hotel, this time including more opportunity for discussion and 
a visit to the Museum of Science & Industry where the 
Foundry Exhibit, sponsored jointly by A.F.A. and the Chicago 
Chapter, is outstanding. The 1946 Conference was attended 
by some 37 Chapter Officers and Directors representing 31 of 
the 32 active Chapters, Mexico alone not being represented 
Five National Officers and Directors and three guests also were 
present and the dinner meeting July 24 was addressed by 
Dr. H. T. Heald, President of Illinois Institute of Technology, 
Chicago. 

The Conference is now established as a two-day mecting 
and for the second consecutive year has been scheduled con 
currently with the Annual Board Mectings. We feel that this 
concurrence may force the Board Meetings to cut short much 
discussion valuable to Staff thinking and planning, since it 
would not be practicable to ask that a number of Directors 
should spend four consecutive days (two for Chapter Confer- 
ence and two for Board Meetings) away from business at any 
one time. 

The growth of the Association and its finances, however, 
involve more and more problems and it is believed that two 
full days should be allotted to Board, Executive Committee 
and Finance Committee Meetings annually, as a general prin- 
ciple. We recommend, therefore, that consideration be given 
advancing the date of the 1947 Chapter Chairman Conference 
so that it may not coincide with the Annual Board Meetings 


Technical Department 

During the past year the direction of our technical activities 
underwent a major change due to the sudden illness of Norman 
F. Hindle in February. We were fortunate to obtain the 
services of S. C. Massari, and the advice and background of 
President Walls on technical matters proved exceptionally valu- 
able as an offset to relative inexperience of the working Staff 
From February through the Cleveland Convention, all efforts 
were concentrated on that event, but since then plans have 
been made and approved by the Executive Committee for 
(1) committee reorganization, (2) a 1947 Technical Program, 
and (3) a definite plan for conducting A.F.A.-sponsored re- 
search. It is hoped that further action by the Board will enable 
us to carry these plans forward promptly, under the leadership 
of the Technical Director. 

During the past year some reorganization of thinking oc- 
curred with regard to the Technical Development Program, 
mainly with regard to its financing. Contributions for the Pro- 
gram were solicited and received only until December 31, 1945, 
at which time all solicitations ceased with total contributions 
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as of that date totaling some $92,000. This figure includes material, one such article appearing in the July issue on “P 
the original donations to the former ‘‘Foundation.” Whereas cision Castings.” 

separate budgets were maintained previously for T.D.P. and Convention and Exhibit 


the General Activities, the budget for 1945-46 combined all 
A.F.A. Income and Expense and we are pleased to report that 
this financial arrangement has proved much more workable. 

It should be pointed out that during the past year the T.D.P. 
fund of securities investments was increased to $100,000.00 
and that this fund is kept separate and intact from other 


Through unavoidable circumstances} A.F.A. undertook 
greatest Convention and Exhibit with a relatively untrain 
and inexperienced Staff, only one-half of whom had ever befo 
worked on a major industrial Convention and Exhibit. To t 
complete credit of the Staff, the 50th Anniversary Found 
Congress and Show proved to be the largest and most su 


reserves. . 
s : ; , , cessful event of its kind ever staged by A.F.A.. with 2? 
Ihe work of the Cupola Research Project resulted during . 5 


the past year in publication of the long awaited Cupo.ia 
Hanpsoox. As the Directors may know, Cupola Research 
funds are kept separate from all other A.F.A. funds, the Asso- 
ciation merely being the administering body. The expense of 
conducting the Project is charged against Cupola Research 
and the sale of publications and services performed on behalf 
of the Project, is returned to the Cupola Research fund for 
further investigations and work. This fund today stands at 
$20,000.00 in invested securities and $11,403.85 in net work- 
ing capital, a total of $31,483.05. 





exhibiting firms occupying 99,433 square feet of space. T] 
previous largest exhibit of A.F.A. was in 1926 when 267 fir 
utilized 81,000 square feet of space. As might be expecte: 
our Exhibit revenue was in proportion to the size of the event 

On attendance, while no precise means of counting prove: 
possible, our Registered Attendance list includes over 10,0! 
carefully selected names and it is estimated that total attenc 
ance was well over 14,000. Previous estimates of 18,000 a: 
not verifiable but a large number of people attended who we: 
unable to register at all on the first day. 

Our Convention and Exhibit expenses, of course, were i: 


, Publications creased but followed successfully the principle of “spendir 
Special Books. During the past year, in addition to the money to make money.” We believe that the foundry indust: 
Ci POLA HANDBOOK, a BIBLIOGRAPHY ON PERMANENT MOLDING was proud of the “Golden Jubilee” event which A.F.A. staged, 
was issuc d and both these publications have been well received. that it was amazed to see what the industry itself could do 
Staff changes and concentration on the Convention made it and that the result of the event can only be most beneficial in 
impossible to complete earlier several additional books which increasing “pride of industry” among foundrymen everywher: 
are scheduled for publication during 1946-47. Especially gratifying was the presence of seven trade associa 
Forthcoming publications include (1) History OF THE tions at the Convention, each with an exhibit booth and eac! 
pornamy Jnousry by BL Spann (2),A Suarosun o8 holding mectingn uring the eck, Thee sitions we 
: : sis on American Society For Metals, Foundry Equipment Manufa 
for design engineers ; (3) a book on Causes or DEFECTS IN eusers’ Asm.. Gray Iron Founders’ Society, Magnesium Asso- 
GRAY [RON CasTINGs, and (4) MALLEABLE SyMPOSIUM ON ciation, Malleable Founders’ Society, National Founders’ So- 
SAND CONTROL. . ; : ciety, and Non-Ferrous Founders’ Society. We believe thi 
It should be stated that our policy on the issuance of special evidence of cooperation will prove mutually beneficial. 


publications in the future will be to undertake what we strictly 
believe can be completed in a reasonable period of time, and 
to withhold action on new projects until current projects have 
been accomplished. We now are beginning an examination of 
['RANSACTIONS volumes to determine the possibilities for a 
number of symposia on various subjects, and this work is com- 
mencing with the topic of Gating and Risering. Conversations 
also have been held on the advisability of compiling a Dic- 


tionary of Foundry Terms, although this work will not be 
advanced until time permits its being carried through to com- and by the Navy Department for similar and closer coopera 


pletion in a reasonable period of time. tion. We therefore recommend that consideration be given th: 
[RANSACTIONS. Concentration of all effort on the 1946 formation of an overall Committee of A.F.A. to consult wit! 

Convention has resulted in a delay in publishing the 1945 any branch of the Armed Services, a single Committee beins 

Bound Volume of Transactions. However, the entire book able to coordinate all such activities to good advantage. 


Cooperation with Armed Forces 

Possibly as an aftermath of industry cooperation on the wai 
effort, A.F.A. has been contacted by several of the Armed 
Services during the past two years and every advantage is being 
taken of the opportunities afforded. First contact was by the 
Ordnance Department during 1944-45, as a result of whic! 
an Ordnance Committee of the Board was formed. Since then 
further interest has been shown by the Army Industrial Colleg 


is —— the hands of the printer for publication as early Staff Organization 
as possibdic, —_ ° : 
: eT cae oer Che staff problems of the past’ year, with which most mem 
AMERICAN FOUNDRYMAN. In publishing the magazine in its a ms : il ‘ied oom 
. ore bers of the Board are well acquainted, have been largely a 
present enlarged form we now report that from all indications : Sh ie See Ie . a 
; ar , natural outcome of situations created by a major organizationa 
the first major hurdles have been carried. These hurdles in- | i 4 the cane oe £ readiustme Tl 
saddled the alent: dit maiiciak sanie Sicliebie “ieee Ais oie change and the consequent difficulties of readjustment. vu 
ec e « - é “rs ac . Ss = : 
— : we we s a ae are a natural outcome, too, of what, during the past ten years 
cient staff, obtaining advertising support, printers’ strikes, estab- p ivi eG ee Oe - <i oso teaeie aff ae 
lishment of definite editorial and advertising policies and even hes bees an cverinereating mecd tor 8 irges Bae Ene 0 
li aii 4 al « advertis “- ane ; ; ‘ 
, Prine + eI capable of handling the growing demands of an increasin: 
more important, building a recognition and acceptance for the ; oe . os e 
: oe yeie membership and an industry becoming ever more Conscious © 
monthly magazine in lieu of the former QUARTERLY. so Sys era 
Gn 2 ae at aiid ee its strength and possibilities, 
a *C advertis ross revenue for > fiscz . ‘ . . : 
“ ae an gntr te Be -- ~ ising, et gp hgh ~ Ap mon, Following the presentation and discussion of a staff organ 
year 1945-46 totaled $94,629.25 against a budget of $75,000; “ Sa Tae Sen Rain Cente 4 
fter commissions, totaled $83,247.31. This indi zational plan with the Executive Committee last November, th 
ne — ws , es ff ~ d d an staff was increased to 29 members (including Ed Hoyt an 
‘ates that our advertising efforts proved somewhat more suc- - : : Rhee ' 
paso : : ; sig lbcest " th 4 ¢ ceed . bat Norm Hindle) but by February, 1946, this plan was complet: 
‘€ an j ‘ipated by e budget, altho somewh: , . 
nor ag a ees ti 8 ‘ “age mecrapiorn out of date. It again must be revised and submitted to t 
‘low : stic gross estimates made a year ago. ‘ , . . T . . 
me eas rm pes pa cniane-y age gern ; a Paton a Executive Committee. The problem is to strike a balance b 
elise the : » advertis eocive . 
elgemae s0 “er oa, ” mi : cm ve re A . a, pee tween a Staff large enough to handle unusual burdens (¢ 
ast year was place a “sup A.F.A.”’ basis. > now , "| , . 
ang Hh Rey aes one . trp ond , 9 i : re Conventions and Exhibits) without excessive pressure, and 
are facing our first full year under an established icy ; Seas 
on ng e ; ae “ : Ps Leet the same time one small enough to handle normal activities 
whereby advertising is solicited strictly on the basis of “returns oi 
ban the eieettlieg™ minimum expense. 
Ww ' d wand d to i th . ditorially The Secretary was instructed to prepare and submit [ 
* are determined to improve the magazine editorially in . é ae 
I , lief we e ii : . , sama go t py Board approval a Retirement Plan for the National Office sta 
> belie at z al advertis jill come to us as ¢ ; : mee? . ’ ; 
- “ 7 he petal meer. : or _ od — ne [he matter has been the subject of preliminary discussions a! 
result. is Our intention t ain a carry more articies : . 
a ae ee sane ") will be advanced further during the year ahead. 


of a practical nature, to give more care to the type of article 
published and to submit major articles to proper committees 
for review before acceptance for publication. Several members 
of the Staff are capable of direct assignment to obtain practical 


Educational Activities 
During the past year a detailed National Educationai Pr 
gram was worked out by Norm Hindle as Director of T.D.! 
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Research Projects 
During the past ear A.F.A. has carried on three Research 


Projects of fundamental natu Oy; is the nvestigation of 
the effect of elevated ter peratures ¢ prop t s of toun 
sands, conducted at Cornell University | A.F.A. Fellow 
Second is investigation of heat transfer effects being carried « 
at Columbia University by Dr. Paschkis \ third ow co 
mencing nvolves additional work on heat trat sie ithor a 
t Battelle Memorial Institute 
Respect bmitted 
Wa. W. Mar RY, Secre ) 








Report on Association Finances 
For Fiscal Year Ended June 30, 1946 





Association’s 50th Anniversary 


perhaps the most successful financially 


seer 
omparative Condensed 
Statement 

activities of A.F.A., witl 
Associ 


ot 


1 from the at 
Balance Sheet 
Income and 


1 all overhead 


ation’s several 


sources accounted for the bulk of the 
ring the past year, as is shown by the 
onsiderable increase in Sustaining and 


Member dues, effective July 1, 1945, resulted in some 


tw 


Oo me ml 


yer Classes, but a very cc 


total dues revenue, as was anticipated 


pDtal 
YM 


Ice ot 


AN, ¢ 
] 


fective 


advertising 


in monthly issues 


May 1945 for the first ti 


ynsiderable in- 


of AMERICAN 


me, developed 


ial new source of income and, in spite of predictions, 


ine was operated at a profit during its first year in 


i 


Anniversary 


nd 


P.A 


torm 


A th 


featuring the 


uccounts of the 


required by t 
Bros. & Montgomery of Chicago, and the 


il exhibits for 


ird large source of 


largest Foundry Show 


revenue 


thus far 


was th 


Convention and Exhibit staged in Cleve- 


staged 


Association were audited on June 30, 


he By-Laws, by the firn 


that date are taken from their ‘audit 
tion to liquid funds for current operations, the Association 


ns the following special funds: 
Awards Funds, administered by the Board of Awards, 


only 


the 


1 of Lybrand, 


accompanying 


In 


interest on the principal being utilized for 


yurposes of periodic awards for outstanding achieve- 


T 


its by 


General 


men of the industry. 


Reserve 


Fund, added to perio 


held for future contingencies, 


and 


dically 


lechnical Development Fund, at present pegged at 
approximately $100,000 and maintained in order to 
issure continuity of the A.F.A. technical program in 
of contingencies. 
Cupola Research Fund, utilized only for Cupola Re- 


spite 


search activities and administered by 


lor 


that 


purpose. 





the 





Association 


All financial operatvions of the Association are governed by 
annual budgets set up by a Finance Committee and approved 
by the Board of Directors. Since A.F.A. is a non-profit ir 


corporated technical society, surplus funds are allocated to th 


several maintained funds or utilized for operations of the fol 
lowing year. Investments are controlled by the Finance Com 
mittee 

During the past year, two steps were taken to improve the 
Association’s accounting practices. The firm of Lybrand, Ros 
Bros. & Montgomery was retained to study our accounting 
methods, and most of the recommendations therefrom hav 
been put into effect. In addition, as recommended by the 
Treasurer a yea! ago, the practice of maintaining separat 


the 
Association’s General 


budgets and accounts for Technical Development Program 
and the 


simplifying our accounting 


Activities was abandoned, greatly 


Major items of Income during the year are shown in the 
accompanying exhibit. Major items of Expense included: All 
Staff salaries and compensations, $84,014.54, or less than 20 


per cent of total income; AMERICAN FOUNDRYMAN, $87,792.89 
Research activities, $10,600.00 Chapter expense, $31,996.41 


Special Publications, $12,033.58; 1946 Convention expense, 
$56,786.06. 

[he accompanying Condensed Balance Sheet for the past 
three years illustrates the manner in which the Associatior 


has conservatively added to its several reserve and special funds 


while returning the major portion of its increased income into 
useful activities as required to serve a steadily expanding 
membership. Thus Cash On Hand was decreased in order to 
augment invested funds by some $120,000 and Inventories 


mainly of publications) by some $21,000 


The Reserve Fund, 


special funds maintained, was increased solely by accrued in- 


as distinguished from other 


General 


Association’s policy as 
fund 

Association's finances 
the fiscal 


Associa- 


terest on the principal, illustrating the 
a technical of 
The conclusion can be drawn that the 
were in excellent, the 
year 1945-46, due to the steadily increasing interest in 


society concentrating on its “working” 


sound condition at close of 


tion activities displayed by the Castings Industry as a whole 


Respectfully submitted, 
Wma. W. MALoney, 7 reasurer 
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Comparative Condensed Balance Sheet 


As of June 30, 1944, 1945 and 1946 
June 30, June 30, June 30, June 30, June 30, June 30 
ASSETS 1944 1945 1946 LIABILITIES 1944 1945 1946 
Cash . $140,827.93 $ 86,920.86 $131,341.19 Accounts Payable $ -- $ 374.40 $ 18,197. 
Securities : 61,993.90 131,993.90 181,949.60 Reserves ii hhtand 48,767.78 49,939.99 51,069.06 
Accounts Receivable.. 3,011.14 2,404.59 9,379.56 Accrued Items ; 359.07 —- 2,013.1 
; 12,375.24 21,364.52 33,182.95 Deferred Income . 9,406.42 8,893.70 12,991.5 
Prepaid Expenses 7,710.97 206.73 1,780.21 Unexpended Special 
Funds 99,514.77 141,705.37 164,699.8 


Furniture and 
Fixtures 1,024.50 2,017.93 3,765.59 Surplus : 68,895.64 43,995.07 112,428.5 


Inventories 


TOTAL $226,943.68 $244,908.53 $361,399.10 TOTAL $226,943.68 $244,908.53 $361,399. 


Condensed Statement of Income and Expense 
(All Expenses Distributed to Major Activities) 
Fiscal Year July |, 1945—June 30, 1946 


INCOME 
Membership Dues ene 
17,187.28 
94,278.35 
. 154,554.58 
2,237.25 


TOTAL . $417,226.32 


Publications 
AMERICAN FOUNDRYMAN 
Convention and Exhibit 


Other Income 


EXPENSE 
Total Expense 
Amount Per Cent 


..$ 79,006.73 23.61 
Chapter Activities . situa 47,529.86 14.21 
Technical Activities and Publications....... . 69,086.00 20.65 
AMERICAN FOUNDRYMAN rau ~ 66,527.66 19.82 
Convention and Exhibit..................c.c.ccccccceucseeeee 725,444.02 21.65 


Major Activities 


General Administration 


TOTAL dotnhdv hndseeavacediaass\sendie nae 100.00 
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Comparative Membership Report 
As of June 30, 1942-1946, Inclusive 


June 30, June 30, June 30, June 30 June 30 
1942 1943 1944 1945 1946 


















ing Members : 104 113 169 239 183 

ny Members i 1,182 1.341 1.471 57] 1.462 
al Members 3,467 3,958 4,720 5,722 6,426 

t and Apprentice Members 82 79 42 23 20 
iry Life Members xt 53 54 55 5 58 
Members 159 120 163 205 10n 
otal 5,047 5,665 6,620 7,815 8.539 
Members, 12 Months ‘ 1,128 1,172 1.510 1.803 1.743 
3 ations 115 150 915 935 271) 
juents Dropped . 123 384 316 256 631 
ved by Death 11 90 24 17 18 
Gain for Year 879 618 955 1.195 794 

















rs in Chapters 4,285 5,902 





Chapter Distribution 
June 30, 1946 





He norary 














Apprentice and Life Chapter 

‘ Sustaining Company Personal Affiliate Associate and Student Membership Membershit 
Birmingham 3 41 39 167 } 0 9 256 
Canton 0 27 12 73 0 0 0 112 
Central Illinois eicmasinens l 8 13 116 0 0 141 
Central Indiana 4 28 31 137 4 | 0 905 
Central New York l $1 37 72 5 0 1 147 
Central Ohio ] 34 23 126 5 0 9 191 
Chesapeake 4 29 37 90 43 2 3 208 
Chicago 26 109 lll 488 22 4 10 775 
Cincinnati 6 53 +7 129 } ] | 240 
Detroit 13 64 65 239 17 3 5 106 
£. Canada and Newfoundland 6 54 61 159 11 0 0 99] 
Metropolitan 12 60 78 197 15 0) 2 ib4 
Mexico City ; 0 13 25 12 0 0 0 50 
J Michiana 3 3 $2 117 2 0 0 188 
Northeastern Ohio 20 95 81 282 10 0 8 196 
Northern California . he ioe 6 29 68 147 12 0 0 262 
No. Illinois-So. Wisconsin “ 3 18 7 45 l 0 1 75 
Northwestern Pennsylvania 0 23 20 89 9 0 0 134 
Ontario 2 96 92 96 6 0 l 293 
Oregon 2 13 13 46 3 0 0 77 
Philadelphia 16 61 58 170 11 0 5 491 
Quad City 5 39 48 120 6 3 229 
Rochester l 14 16 73 2 0 0 106 
Saginaw Valley 6 12 9 192 5 } | 226 
St. Louis 3 49 48 129 4 l 0 34 
Southern California 4 76 116 144 12 0 l 553 
lexas 5 30 28 52 4 0 l 120 
loledo 0 22 23 55 1 0 1 102 
twin City 5 41 34 99 12 9 0 191 
Western Michigan Pe OB 5 31 15 150 2 ] 2 206 
Western New York............ a 3 37 44 136 3 0 | 224 
Se Ee a a ee 16 87 69 368 8 2 1 551 
otal in Chapters Be, AEP mie 180 1,358 1,400 4,515 233 29 52 7,767 
392 





C8 Pee = 
otal Outside of Chapters. 






GRAND TOTAL 
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Third Annual Chapter Chairman Conference 
July 24-25, 1946—Stevens Hotel, Chicago 


PROGRAM 


Wednesday, July 24 


10:00 AM Morninc Procram. 
Presiding Chairman, Max Kuniansky. INTRODUC- 


TORY REMARKS on purpose of Chapter Chairman 
Conference 
Welcome io Chapter Officers President-Elect S. V. Wood 
‘Round-the-Table Introductions 
Chairman Max Kuniansk) 
President Fred Walls 


its origin, aims and develop- 


Know Your A.F.A. 
A brief outline of A.F.A 


ment over a half century, and its place in the Foundry 
Industry today. 
A National Program for A.F.A. Chapters 
Secretary Wm. W. Maloney 
Building Better Chapter Programs 
OPEN DISCUSSION by Chapter Chairmen, to assist 


in arranging programs to best serve the membership. 
2:00 NOON Morninc ProGRam ADJOURNED 
:15 PM LuNCHEON 
:05 PM ASSEMBLY ON MICHIGAN AVE. 
:15 PM Buses Leave Hotret ror Museum 
:00 PM ‘Tour or Museum oF SCIENCE AND INDUSTRY 


-00 PM AFTERNOON PROGRAM 
Presiding Chairman, Max Kuniansky. 
Educational Activities of A.F.A. Youth Encouragement 
In-Plant Training and Vocational Schools 
Educational Courses 
Cooperation With Engineering Schools 


5:20 PM AFTERNOON PROGRAM ADJOURNED 


7:30 PM CuHaptTer CHAIRMEN DINNER 
Presiding—President Fred Walls. 
l‘oastmaster-—President-Elect S. V. Wood. 

Guest Speaker—Dr. Henry T. Heald, President, Illinois 
Institute of Technology, Chicago. 
Subject—*“Engineering Education and the Foundry In- 


dustry.” 


Thursday, July 25 


10:00 AM Morninc ProGRaM 
Presiding Chairman, Max Kuniansky 

Publishing Activities of A.F.A. 

Sec retary Wm. W. Malon: 
Intended to acquaint Chapter Officers with the publish 
ing policies of A.F.A. and to bring them up to date on 
current and forthcoming publications. Special publica 
tions. The annual Transactions. The AMERICAN 
FOUNDRYMAN. The A.F.A. Library. 

Technical Activities of A.F.A ; 

Technical Director S. C. Massa 
An outline of the technical committee organization oi 
A.F.A. The Technical Development Program Che 
1947 Convention program. A new publication policy of 
A.F.A. Research projects, and a new research program 
How Chapter Chairmen can play a larger part. 
National and Chapter Financing 

First—Some pertinent information on financing thé 
National organization. Major sources of funds. Budgets 
and the Finance Committee. Distribution of the A.F.A 
Income Dollar. Reserve funds. Financial statements 
Second—General DISCUSSION on Chapter financing 
The Chapter refund from National Office. Investment 
of Chapter funds. Sources of Chapter income. Chapter 
financial reports to National Office. 

Highlights of Chapter Operation 

Chapter by-laws. Chapter publications. Chapter board 
meetings and frequency. Nomination and election pro- 
cedures—members only. ‘Territorial considerations 
National policy on formation of new Chapters. Activi- 
ties not within the province of A.F.A. Chapters. Photo- 
graphs of Chapter officers and Directors. 

12:45 PM LuNCHEON 

2:00 PM AFTERNOON PROGRAM 
Chairman Max Kuniansky, presiding. 

Membership Committee Activities = 
Vice-President S. V. Wood 
OPEN DISCUSSION by Chapter Chairmen on mem- 
bership considerations, to assist in increasing present 
membership. 


+:30 PM Frnat ADJOURNMENT 


ATTENDANCE 
July 24-25, 1946—Stevens Hotel, Chicago 


National President, F. J. Walls, Metallurgist, International 
Nickel Co., Detroit. 

National Vice-President, S. V. Wood, President and General 
Manager, Minneapolis Electric Steel Castings Co., Min- 
neapolis. 

National Director and Chairman of Chapter Chairman Confer- 
ence, Max Kuniansky, Vice-President and General Manager, 
Lynchburg Foundry Co., Lynchburg, Va. 

National Director, E. W. Horlebein, President, Gibson & Kirk 
Co., Baltimore, Mr. 

Guest Speaker, Henry T. Heald, President, Illinois Institute 
of Technology, Chicago. 

Guest, George E. Rauen, Secretary, Olympic Foundry Co., 
Seattle, Wash. 

Guest, Frank Steinebach, Editor The Foundry, Cleveland. 
Chapter Officers 
BiRMINGHAM—-Chairman, T. H. Benners, Jr., Managing Part- 

ner, IT. H. Benners & Co., Birmingham. 
*Vice-Chairman, W. E. Jones, Chief Engineer, Stockham 
Pipe Fittings Co., Birmingham. 


*Attending on Chapter’s request 


Canton-—Chairman, I. M. Emery, Works Manager, Massillon 
Steel Castings Co., Massillon, Ohio. 

CENTRAL ILLINoIs—Chairman, Z, Madacey, Foundry Super- 
intendent, Caterpillar Tractor Co., Peoria, IIl. 

*Sec.-Treas., Carl W. Wade, Training Supervisor, Caterpil- 
lar Tractor Co., Peoria, Ill. 

CENTRAL INDIANA—Chairman, J. P. Lentz, Foundry Metallur- 
gist, International Harvester Co., Indianapolis. 

Centra New Yorx—Chairman, E. E. Hook, Service Engi- 
neer, Dayton Oil Co., Syracuse, N. Y. 

CENTRAL Onto—Chairman, N. J. Dunbeck, Vice-President, 
Eastern Clay Products, Inc., Eifort, Ohio. 

*Vice-Chairman, R. H. Frank, Chief Metallurgist, Bonney- 
Floyd Co., Columbus, Ohio. 

CHESAPEAKE—Chairman, David Tamor, Plant Metallurgist, 
Malleable Foundry Div., American Chain & Cable Co., 
York, Pa. 

Cuicaco—Chairman, L. H. Hahn, Metallurgist, Sivyer Steel 
Casting Co., Chicago. 

Crinctnnati—Chairman, Joseph S. Schumacher, Chief Engi- 
neer, Hill & Griffith Co., Cincinnati. 
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Co., Detroit 
, AND NEWFOUNDLAND—-V ice-Chairme 


Metallurgist, Robert Mitchell Co., Ltd., Montreal 
y. Robert E. Cameron, Sec.- Ireas., Webster & Sons. 


Montreal 


raNn——Chairman, Harold L Ullrich, 


trlow Foundries, Inc., Newark, N. J 


. ,—Chairman, John McAntee, Foundry 


Mfg. Co., Benton Harbor, Mich 


\STERN Ont1o—President, Henry J 
The Ohio Foundry Co., Cleveland 


CALIFORNIA—Chairman, Richard Vosbrink, Owner, 


Pattern Works, Berkeley, Calif 


us & S. Wisconsin—Chairman, John Doerfner, Jr., 
Manager, Gunite Foundries Corp., Rockford, 
Chairman, John Clausen, Metallurgist, 


& Co., Rockford, Ill. *Treasurer, Lester 


tendent, George D. Roper Corp., Rockford, III 


ESTERN PENNSYLVANIA—Chairman, Earl 
ng Superintendent, Erie Malleable Iron Co., 


Chairman—J. A. Wotherspoon, General Manager, 


Iron Corp., St. Catharines, Ontario 


I 4. Stephenson, Partner, Dependable 


Portland, Oregon 





Chairman, A. H. Allen, Detroit Editor, 


PHILADELPHIA—Chairman, B. A. Mill 
Cramp Brass & Iron Foundries, Di 
Works, Eddystone, Pa 


Quap Criry—Chairman, Claude S. Hun 


Humphrey Co., Moline, Ill 


ROCHESTER—President, Walter G. Bray 
tendent, Bausch & Lomb Optical Co., 


SAGINAW VALLEY—Chairman, John | 
tendent, Chevrolet Gray Iron Foun 


St. Louts District—Chairman, Rolar 


SOUTHERN CALIFORNIA—President, Wn 


Los Angeles Steel Castine ( o., Los 
lexas—Vice Chairman, L. H. Aug 
Hughes Tool Co., Houston, Texas 


TOLEDO Chairman, Brock L. Picke tt, 
cast (¢ orp., Loledo, Ohio 


Twin Crry—Chairman, H. M. Patton 


ent, American Hoist & Derrick Co., 
WESTERN MiICcCHIGAN—Chairman, Rud 





Chief Metalluregist, 


Sus Baldwi Locomotive 
Owner, ( » 
Foundry Superin- 


Rochester, N. ¥ 


Smith, Night Superin 


iry, Saginaw, Mich 


id I. Leisk, Asst. Works 
Manager, American Steel Foundries. 


I St Louis, Il} 
D. Emmett, Forema: 
Angeles 


ist, Foundry Engineer, 
Chief Inspector, Unit- 
, Foundry Superintend 


St. Paul, Minn 
ph Flora, Metallurgist, 


Clover Foundry Co., Muskegon, Mich 
WesTERN New YorkK—Chairman, Henry C. Winte, Metallur 


gist, Worthington Pump & Machiner 
Wisconsin—President, David C. Zu 
Sivyer Steel Casting Co., Milwaukee 





y Corp., Buffalo, N. ¥ 
gc, lechnical Director, 














Presiding: President F. J. Walls 
Present: President F. J. Walls 
Vice-President S. V. Wood 
Directors: R. J. Teetor 
W. B. Wallis 
L. C. Wilson 
Secretary R. E. Kennedy 
Treasurer C. E. Hoyt 
Business Manager W. W. Maloney 
Director T.D.P. N. F. Hindle 


Assistant Treasurer Jennie Reininga 


1. Staff Considerations. On recommendations of the Finance 
Committee, R. J. Teetor, Chairman, the compensation of elec- 
tive staff officers was approved for the year 1945-46. 

On motion by Director Wallis, seconded by Director Wil- 

son, the Secretary was directed to secure specific Finance Com- 
mittee approval for the employment of Staff assistants at 
salaries in excess of $3600.00 per year. 
2. Chapter Contacts. The need for a Chapter Contact repre- 
sentative was stressed by members of the Executive Committee 
and the desirability of employing a man with execuiive ability, 
sales personality, some knowledge of A.F.A. and foundry in- 
dustry, and ability to approach top foundry management. 

On motion by Vice-President Wood, seconded by Director 
Teetor, the Secretary was instructed to seek such a man for 
possible employment as a member of the Staff. 

3. T.D.P. Research Activities. N. F. Hindle, as Director of the 
Technical Development Program, reported that the T.D.P. 
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contract with Cornell University on Foundry Sand Resear 
had expired July 1, 1945, and that renewal was necessary. H 
also reported that the T.D.P. contract with Columbia Uni 
versity on work of the Heat Transfer Committee had expired 
July 1, 1945, and that an interim allowance was necessary fo: 
the work to continue. He also indicated that $5500.00 would 
be required for Sand Research during 1945-46, includin 
$1500.00 for purchase of equipment. 

On motion by Director Wallis, seconded by Director Wi! 
son, the Executive Committee approved the additional expendi 
ture of $2000.00 with Cornell University and $2000.00 with 
Columbia University, for continuation of investigational work 
conducted at those two schools. 

4. Cupola Research. The Executive Committee expressed th: 
opinion that approval for expenditures on the Cupola Hand- 
book should first be rendered by the Cupola Research Steering 
Committee, subject to approval by the Executive Committee 
of the A.F.A. Board. 
5. T.D.P. Solicitation. It was pointed out that the cost of 
soliciting funds for the Technical Development Program had 
thus far been paid out of general accounts. The Executive 
Committee expressed the opinion that the General Fund should 
be reimbursed out of T.D.P. earnings so that eventually T.D.P 
might bear its own full expense. 
6. There being no further discussion, the meeting was ad 
journed. 

Respectfully submitted, 

Wm. W. Matoney, Secretary 








Minutes 1945-46 Board of Directors 






Palmer House, Chicago—July 19, 1945 


Presiding: President F. J. Walls 
Present: President F. J. Walls 
Vice-President S. V. Wood 
Directors: D. P. Forbes, R. M. Jacobs, Max Ku- 
niansky, R. J. Teetor, W. B. Wallis, 
S. D. Russell, R. T. Rycroft, J. Sully, 
L. C. Wilson, G. K. Dreher, E. W. Hor- 
lebein, H. H. Judson, J. H. Smith, F. M. 
Wittlinger 
Secretary R. E. Kennedy 
Treasurer C. E. Hoyt 
Director T.D.P. N. F. Hindle 
Business Manager W. W. Maloney 
Assistant Treasurer J. Reininga 
1. Retiring President R. J. Teetor called the meeting to order 
and immediately turned the Chairman’s gavel over to incom- 
ing President F. J. Walls, officially declared elected at the 
Annual Business Meeting held the previous day. 
2. Executive Committee Appointed. A Board Nominating 
Committee being appointed by the President, consisting of 
Directors D. P. Forbes, S. D. Russell and E, W. Horlebein, 
the Committee was instructed to retire and submit nomina- 
tions for the 1945-46 Executive Committee of the Board and 
for the election of Staff officers. 


For members of the Executive Committee, the Nominat- 
ing Committee proposed Directors R. J. Teetor, W. B. Wallis, 





L. C. Wilson and J. H: Smith, in addition to President F. J 
Walls as Chairman, and Vice-President S. V. Wood. 

Director Max Kuniansky moved formation of the 1945-46 

Executive Committee in accordance with the Nominating Com 
mittee’s report. Director Rycroft seconded the motion, unani 
mously carried. 
3. Standing and Special Committees. Director Horlebein 
moved adoption of a resolution authorizing the President to 
appoint Standing and Special Committees of the Board. Direc- 
tor Dreher seconded, unanimously carried. President Walls 
then announced appointments to Standing and Special Com 
mittees of the Board as follows: 


Executive Committee: 
F. J. Walls, Chairman 
S. V. Wood 
J. H. Smith 
R. J. Teetor 
W. B. Wallis 
L. C, Smith 


Finance Committee: 
R. J. Teetor, Chairman 
F. J.. Walls 
S. V. Wood 

Chapter Contacts Committee: 
S. V. Wood, Chairman 
J. Sully 
R. T. Rycroft 














W ison 


MEETINGS 


G. K. Dreher 
S. D. Russell 
F. M. Wittlinger 
Harry Reitinger 
ement Committee: 

R. T. Rycroft, Chairman 
Joseph Sully 
J. H. Smith 
R. M. Jacobs 
E. W. Horlebein 
Max Kuniansky 

bership Committee: 
S. V. Wood, Chairman 

MERICAN FOUNDRYMAN Committee: 

W. B. Wallis, Chairman 
H. H. Judson 
Max Kuniansky 
Harry Reitinger 
D. P. Forbes 

h Encouragement Committee: 
Joseph Sully, Chairman 
J. H. Smith 
G. K. Dreher 
F. J. Dost 
S. D. Russell 


By-Laws Committee. Treasurer Hoyt suggested appointment 
committee on By-Laws as a standing committee of the 
rd. In discussion, the Directors emphasized that such a 
nittee should not be confined entirely to the directorate. 
was moved by Director Kuniansky, seconded by Chairman 
and carried, that the President be empowered to ap- 
nt a standing By-Laws Committee at his discretion. 


Recommendations of Retiring President. Recommendations 


were presented by retiring President Teetor and discussed in 


ag 


tail, resulting in the following actions on specific points 


concerning A.F.A. procedures: 





It was recommended, and approved by the Board, 
that Executive Committee meetings be held bi- 
monthly, in addition to the customary Board meetings 
in January, July and at convention time. 


b) It was recommended, and approved by the Board, 
that the Secretary prepare at the earliest possible mo- 
ment, an Organizational Plan dealing with Staff func- 
tions, subject to approval by the Executive Committee. 

c) It was recommended, and left to the discretion of the 
Secretary, that frequent conferences be held within 
the National Office dealing with matters of policy, 
advertising, publications, and committee work. 


It was recommended, and approved by the Board, 
that the Secretary should formulate at the earliest 
possible date a Retirement Plan for the National 
Office Staff, such plan to be subject to approval by 
the Executive Committee and Board. The thought 
was expressed that such a plan should be financed 
by the Association. 


e) It was recommended, and approved by the Board, 
that a salary limit of $3,600.00 per year govern the 
employment of Staff assistants by the Secretary, and 
that Finance Committee approval be obtained for the 
employment of assistants at salaries beyond that figure. 

f) It was recommended that a campaign be instituted 
for a considerably larger Technical Development Pro- 
gram fund. After considerable discussion on ways 
and means, it was informally agreed that T.D.P. 
solicitation should be discontinued at the end of 1945 
in favor of concentration on Sustaining Memberships. 


g) It was recommended that greater thoughts be given 
to ways of inducing the Foundry Trade Associations 
to play a more active part in the affairs of A.F.A. 


h) It was recommended, and approved by the Board, 
that greater consideration be given a definite policy 
on the formation of new Chapters or Chapter groups, 
and that consideration be given to reducing the mini- 
mum support required in certain areas. 
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1 It was recommended, and approved by the Board, 
that effort be obtaining the 
membership of many non-member foundries so as to 
build up both the prestige of A.F.A 
of AMERICAN FOUNDRYMAN As al 


greater made toward 


and the value 
advertising medium 
In this connection, it was recommended that A.F.A 
should concentrate on programs already initiated so 
as to produce results attractive to 


ship 


a larger member- 
j) It was recommended, and approved by the 
that all r.D.P 


used for beyond any 


Board, 


contributions of funds to should be 


purposes inte nded 


reasonable 
question. 

6. Bank Resolutions. The usual resolutions 

covering the requirements of A.F.A 

withdrawal of funds. On motion by 

seconded by Wilson, the bank 


were pre sented 
banks as to 
Vice-President Wood, 


were ap- 


depository 
Director 
proved en toto. 


7. T.D.P. Projects. Vice-President Wood, as Chairman of the 
r.D.P. Advisory Committee, pointed out the need for Board 


resolutions 


clarification on the type of investigational projects which 
might properly be undertaken by T.D.P. as established. While 
there was agreement that T.D.P. can undertake any research 


project of general usefulness to all branches of the industry, 
a more specific policy was felt desirable on financing projects 


of more specific uselulness to certain foundry groups My 
Hindle stated that the matter. would be thoroughly discussed 
at the next meeting of the T.D.P. Advisory Committee, fo 


preparation of specific recommendations. 


8. Chapier Chairmen Conference. In view of the success of 
the past two Chapter Chairmen Conferences, Director Wilson 
moved approval of a third Annual Conference during the yeat 
1945-46. Director Jacobs seconded, unanimously carried. 
9. Staff Reorganization. President Walls called attention to 
action of the old Board, recommending certain Staff reorgan- 
izations in accordance with findings arrived at by the Executive 
Committee in session April 26-27, 1945, as later modified and 
approved by the old Board. It was pointed out that progres- 
sive action on these recommendations was necessary in orde1 
for them to be made effective immediately, as drawn up and 
for the year 1945-46. 

Accordingly, the following resolutions were offered: 


RESOLUTION 

WueErEAs, the sincere expressions of sentiment by the Execu- 
tive Committee, which expressions are by reference incorporated 
into these Minutes, are hereby heartily endorsed by the Board 
of Directors, and 

Wuereas, the Board of Directors nevertheless fully realizes 
that it could not possibly give to Treasurer C. E. Hoyt and 
Secretary R. E. Kennedy adequate recognition for what these 
two revered and loved executives have done for the 
tion, and 


Associa- 


Wuereas, the Board of Directors is in unanimous agree- 
ment that the willingness of Treasurer C. E. Hoyt to 
tinuously respond to needs of the Association as then devel- 
oped should no longer be permitted to interfere with his ex- 
pressed intentions of retirement, and 

Wuereas, the Board of Directors is in unanimous agree- 
ment that the inspiration of Secretary Robert E. Kennedy, by 
reason of his long and unselfish service to the Association as 
Technical Secretary and Secretary, should be 
the longest period possible, 

Now THEREFORE BE IT RESOLVED that in keeping with the 
purposes expressed by the Executive Committee, the retirement 
of C. E. Hoyt as Treasurer of the Association is hereby recog- 
nized as of August 1, 1946, and 

Reso.vep that in keeping with the purposes expressed by 
the Executive Committee, the retirement of Robert E. Kennedy 
as Secretary of the Association is hereby 
August 1, 1945, and 

Resotvep that further in keeping with the purposes ex- 
pressed by the Executive Committee, Robert E. Kennedy is 
hereby accorded the title of Secretary Emeritus of the Amer- 
ican Foundrymen’s Association for the term of his life, with 
the understanding that such services as he may hereafter per- 


con- 


preserved for 


recognized as of 

























XXVill 


form for the Association shall be at the option and direction 
of the then Secretary, to be rendered in accordance with Mr. 


Kennedy’s capability and convenience, and 


RESOLVED that the compensation of Treasurer C. E. Hoyt 
after August 1, 1946, and of Secretary Emeritus Robert E. 
Kennedy, after August 1, 1945, shall be as determined by 


existing Boards of Directors of the Association, and 


Be Ir FURTHER RESOLVED that this Board of Directors unani- 
mously and strongly urges that the conclusions as set forth in 
these resolutions shall be considered as irrevocable, and bind- 
ing upon all future Boards of Directors of the American 


Foundrymen’s Association. 


On motion by Director Wilson, seconded by Director 


Wagner, the above resolutions were unanimously adopted. 


Staff Appointments. Following these actions, the Nomi- 
nating Committee presented recommendations on Staff appoint- 


ments for 1945-46, as follows: 


Secretary—-W. W. Maloney. 








FIFTIETH ANNUAL MEEBETIN 








Director of Technical Development Program—N. F. Hind 

l'reasurer—C. E. Hoyt. 

Assistant Treasurer—Jennie Reininga 

On motion by Director Wallis, seconded by Director Wi 

son, Staff appointments were approved as recommended, a1 
the Executive Committee authorized to determine proper co 
pensations in accordance with recommendations of the Finan 
Committee 
10. With the unanimous agreement of the Board memb« 
present, Director Rycroft paid tribute to the excellent admir 
istration of retired President Teetor during the past year. 
11. There being no further business, Chairman Walls a 
journed the meeting at 1:20 P.M. 


Respectfully submitted, 
Wma. W. Matont 7. Secre fary 








Presiding: Past President R. J. Teetor, Chairman 
Present: President F. J. Walls 

Vice-President S. V. Wood 

Directors: L. C. Wilson 

W. B. Wallis 

Secretary Wm. W. Maloney 

Secretary Emeritus R. E. Kennedy 

Director of T.D.P. N. F. Hindle 

Treasurer C. E. Hoyt 

Assistant Treasurer J. Reininga 


1. Staff Considerations. The Secretary proposed the employ- 
ment of H. F. Scobie, instructor in Foundry Practice at the 
University of Minnesota, as a member of the Headquarters 
Staff. It was stated that Mr. Scobie’s services should be of 
great value to the Association, especially along the lines of 
educational work, and Finance Committee approval was sought 
for his employment. 

On motion by Vice-President Wood, seconded by President 
Walls, the Finance Committee authorized the Secretary to 
carry through final arrangements to employ Mr. Scobie. 


Minutes of the Finance Committee Meeting 


Palmer House, Chicaqgo—September 6, 1945 









2. 1945-46 Budget. In considering an Income and Expens 
Budget for 1945-46, discussion arose as to whether separaté 
budgets should again be prepared, one for the General activi 
ties and one for the Technical Development Program. It wa 
pointed out that A.F.A. has a definite obligation to utiliz 
funds contributed by the industry to the Technical Develop 
ment Program, solely for purposes of the Program. The ur 
wieldiness of two separate budgets and individual accounts fo: 
General and T.D.P. activities was brought out and the sugges- 
tion made that a single budget would better serve the purposes 
of unified and efficient operation. 

It was agreed that a single budget should be prepared in 
such a manner as to make plain the dissemination of con- 
tributed T.D.P. funds at any time, with the recommendatio1 
that a substantial operating fund for T.D.P. might well be set 
up and maintained continuously so as not to handicap the pro 
gram in its essential work for A.F.A. and the industry. 


Respectfully submitted, 
Wan. W. MALoney, Secretary. 





Minutes of Executive Committee Meeting 


Palmer House, Chicago—September 7, 1945 


Presiding: President F. J. Walls 
Present: President F. J. Walls 
Vice-President S. V. Wood 
Directors: R. J. Teetor 
W. B. Wallis 
L. C. Wilson 
Secretary Wm. W. Maloney 
Secretary Emeritus R. E. Kennedy 
l'reasurer C. E. Hoyt 
Director of T.D.P. N. F. Hindle 


Assistant Treasurer J. Reininga 


1. Minutes of meetings of the Executive Committee and Board 
of Directors, held in Chicago on July 19, were read and ap- 


proved, 

2. Nominating Committee. In accordance with the procedure 
prescribed by the By-Laws, names of candidates submitted for 
the 1946 Nominating Committee were considered. On motion 





by Director Teetor, seconded by Vice-President Wood, the fol 
lowing personnel of the 1946 Nominating Committee was ap 
pointed: 

Past Pres. L. C. Wilson, Chairman 

Past Pres. R. J. Teetor 

J. A. Woody 

I. M. Emery 


H. F. Taylor 
N. E. Woldman 
F. W. Shipley 
E. E. Ballard 

A. M. Fulton 
3. 1945-46 Income and Expense Budget. An Income and Ex 
pense Budget for the fiscal year ending June 30, 1946, con 
bining General and T.D.P. activities, was submitted as recon 
mended by the Finance Committee. On motion by Directo 
Wilson, seconded by Director Wallis, the Budget was approved 
4. Membership Report. The Assistant Treasurer reported 01 
dues collections as of August 31, following the increase 1 
Company and Sustaining dues effective July Ist, showing cas! 
receipts of $113,974.00 for 4,969 members. The report als 
showed the following figures: 














MEETINGS 








Membership—June 30, 1945 7,815 
Members to August 31 263 
[otal 8.078 

tions 156 


Total, August 31, 1945 942 


n Chapters Attention was called to the imminent 
yr formation of a chapter in Mexico and the Executive 
ttee was asked to set a policy with regard to acceptanc: 


pter in Mexico and other foreign countries 


ctor Wallis moved that the formation of chapters u 

of the Western Hemisphere should be encouraged on 
s of dues effective July 1, 1945, but allowing time for 
tion of the new dues to reach present members. Motion 
1 by Director Wilson and carried 
Secretary was instructed to give full support to forma- 

Mexican chapter on the same basis as would a new 

chapter be considered 

n Endowment Fund. Director Teetor called attention 
offer of Past President H. S. Simpson for establishment 
\ F.A. Endowment Fund in some form as a memorial to 

Peter L 


offered the following motion: 


Simpson. Following discussion, Director 


HAT A.F.A. accept with gratitude the generous offer 
H. S. Simpson to endow an A.F.A. Memorial Fund 
emory of the late Peter L. Simpson, and that a 
ial committee of the Board be appointed to confer 
the donor at the earliest possible date, to the end 
t the greatest good be accomplished for the foundry 
istry in honor of one of its outstanding pioneers 
Motion seconded by Vice-President Wood and _ unani- 
irried 


Executive Committee then approved appointment of 
al committee to confer with H. S. Simpson, consisting 
R. J. Teetor, Chairman, Fred J. Walls and S. V. Wood 
Committee to report back to the Executive Committee at 
xt meeting so that progressive action may be taken 
\MERICAN FOUNDRYMAN Advertising. A question of extend- 
icceptance of advertising in AMERICAN FOUNDRYMAN 
1945 was considered. It was recalled that, at the 
Board Meeting, Past President Teetor had been instructed 
municate to F.E.M.A. and F.S.M.A. the decision of the 
not to rescind its previous action on advertising matters 
Executive Committee had been authorized to decide 
er or not advertising should be extended beyond 1945, 
onsideration of reactions to Director Teetor’s letter. 
Accordingly, following discussion, Vice-President Wood 


THAT A.F.A. continue to accept advertising in AMERI- 
FOUNDRYMAN and that the staff be directed to 
yrroceed on that basis 
Motion seconded by Director Wallis and carried. 
The Secretary was directed to ‘advise F.E.M.A. and 
S.M.A. of the decision of the Executive Committee, acting 
Board of Directors, after careful analysis of the reac- 


o! 


advertisers and readers prior to and since the 1945 
| Meeting of the Board of Directors. 

It was pointed out that the A.F.A 
Laws adopted July 1, 1944, again required revision in 


Laws Committee. 


al respects due to subsequent Board actions. Recognizing 
eed for revision, Vice-President Wood moved 
THAT the President appoint a Standing By-Laws Com- 
ttee to revise the By-Laws in accordance with past 
tions of the Board, and that such Committee include 
oth Board members and non-Board members. 
Motion seconded by Director Teetor and unanimously 
d, President Walls to appoint such Committee. 
tory of Foundry Industry. The Executive Committee 
ewed the contents of a “History of the Foundry Industry” 
ured by B. L. Simpson on his own initiative, in a desire 
a long-felt need for an adequate description of develop- 


Ly 


ts within the foundry industry since the casting process 
was discovered several thousand years ago. In view of the 
tance of such a work to all branches of the foundry 
sry, and its logical connection with the educational work 
\.F.A., it was suggested that A.F.A. should seek permission 

















of the author for publication by A.F.A 
On motion by Director Wallis, seconded by Vice-Presid 
Wood, proposal to publish accepted, details to be worked out 


between the Secretary and the author 

0. Quarterly Transactions Attention was called to the tact 
that publication of the Quarterly Transactions had _ bec 
suspended for 1945 when the Board authorized, on January 
1945, 


adoption of an emergency program of activity occasioned 


by cancellation of the Detroit Convention. Since then, all 
TRANSACTIONS material formerly published in the Quarterly 
has been carried in AMERICAN FOUNDRYMAN. In view of th 
success and economy of this procedure, Director Wilson moved 
that suspension of the Quarterly TRANsaACTIONS become pr 
manent, and that TRANSACTIONS material continue to be pre- 
sented in AMERICAN FOUNDRYMAN 


Motion seconded by Director Teetor and carried 


11. 7.D.P {dvisor Committee Reappointment of the Ad 
visory Committee of the Technical Development Program was 
considered and the need pointed out for some definite basis 


for succession in the choosing of a chairman Accordingly, tl 
1945-46 Advisory Con 
mittee and the Secretary instructed to obtain acceptances 
Chairman S. V. Wood, Minneapolis Electric Steel Casting 
Co., Minneapolis 
Vice-Chairman George K. Dreher, Ampco Metal, Ine 
Milwaukee, Wis 
J. H. Smith, General Motors Corp., Detroit, representing 
Malleable Iron 
Dr. D. Basch, General Electric Company, Schenectady, 
N. Y., representing Aluminum and Magnesium 
B. A. Miller, Baldwin Locomotive Works, Cramp Brass & 
Iron Foundries Div., Philadelphia, representing Bra 
and Bronze 
W. L. Woody, National Malleable & Steel Castings Co., 
Cleveland, representing Steel 
Max Kuniansky, Lynchburg Foundry Co., Lynchburg, Va., 
representing Gray Iron 
QO. A. Pfaff, American Foundry Equipment Co., Misha 
waka, Ind., representing Foundry Equipment 


following names were proposed for the 


C. J. Freund, Dean of Engineering, University of Detroit, 
Detroit, representing Educational interests 
Dean Hollister, Cornell University, Ithaca, N. Y.. repre 
senting Educational interests 
12. A.F.A. Membership Booklet. The requests of several Chap 
ters for a more elaborate piece of literature on A.F.A. and its 
activities were considered. On motion by Director Teetor, 
seconded by Director Wallis, the Executive Committee ap 
proved preparation of such a booklet at the earliest date. 
13. Foundry Personnel Problems 


been received by the Staff from persons seeking new plant con 


Numerous requests having 


nections and available production capacity, due to reconversion 
problems, the Executive Committee urged that information on 
plant capacity and plants seeking supervisory personnel, be 
obtained for Staff information and record 

14. Trade Association Cooperation Correspondence between 
the Staff and the Steel Founders’ Society of a cooperative 
nature was read. On motion by Director Wilson, seconded by 
Director Teetor, the Executive Committee urged that a resolu 
tion of the Board be prepared and forwarded to the Stecl 
Founders’ Society in appreciation of their cooperation with 
A.F.A. and expressing the Association’s intention to work for 
continued close relations 

15. 7.D.P. Funds. The Treasurer pointed out an excessive 
amount of T.D.P. cash in banks at the end of the 1944-45 
fiscal year, in view of the fact that the Finance Committe 
had authorized a combined budget covering both Gencral 
and T.D.P. activities. Treasurer Hoyt suggested that $30, 
000.00 should be invested in bonds, $5,174.06 retained in a 
..D.P. savings account, and that any unexpended appropria 
tions held at the Northern Trust Co. in account of T.D.P. be 
transferred to the General accounts at the Harris Trust & 
Savings Bank. 


On motion by Director Teetor, seconded by Director Wil 


son, proposed investment and transfer of funds approved 

16. There being no further business, mecting adjourned. 
Respectfully submitted, 

Wa. W. Maroney, Secretary. 





FirTiETH ANNUAL MEETING 


Minutes of Executive Committee Meeting 
Palmer House, Chicago—November 14, 1945 


Presiding: President F. J. Walls 
Present: President F. J. Walls 
Vice-President S. V. Wood 
Directors: R. J. Teetor 
L. C. Wilson 
W. B. Wallis 
James H. Smith 
Secretary Wm. W. Maloney 
Secretary Emeritus R. E. Kennedy 
Treasurer C. E. Hoyt 
Director of T.D.P. N. F. Hindle 
Educational Assistant H. F. Scobie 
Assistant Treasurer J. Reininga 
1. Minutes of the following meetings were read and approved: 

Finance Committee Meeting—September 6, 1945 

Executive Committee Meeting—September 7, 1945 
2. Membership Report. The Assistant Treasurer presented 
figures showing total dues collections of $134,205.60 to October 
31, against the Budget estimate of $135,000.00 for the entire 
fiscal year. Dues collections for the same period in 1944 totaled 
approximately $92,000. 

The report also showed Resignations and Deaths of mem- 
bers totaling 287, and 525 Delinquents dropped, since July 1, 
1945, a total of 812, as against 559 New Members added; a 
net loss of 253, giving a Book Membership of 7,562 on 
October 31, 1945. 

The point was emphasized that in view of the effect of the 
new dues and reconversion conditions, both of which had pre- 
viously been estimated, the National Office should concentrate 
on Membership work during the balance of the fiscal year. 
The report indicated a net loss in Members far below the 
estimates made prior to the January 1945 Board Meeting, at 
which time the dues increase was voted. 


3. New Chapters and Possibilities. It was announced that fol- 
lowing the petition from a group of Mexican foundrymen, the 
Board of Directors had approved by letter ballot formation 
of the 32nd chapter of A.F.A. in Mexico City. It was urged 
that Directors planning a West Coast or Mexico trip might 
well include a visit to the new Chapter in their itinerary and, 
in such event, should communicate with the A.F.A. Secretary 
in Chicago. 

Announcement also was made that a group of foundry- 
men in Peoria were prepared to submit a petition for admis- 
sion to Chapter status as the Central Illinois Chapter. Addi- 
tional Chapter possibilities discussed included Pittsburgh, Pa.; 
New England, Kaukauna, Wis., and Vancouver, B. C. Mem- 
bers of the Executive Committee further encouraged consider- 
ation be given the formation of Chapter sections or groups. 

Director Smith suggested the possibility of retaining a 

professional speaker acquainted with industrial subjects, to 
address Chapters on general problems within the foundry in- 
dustry such as Education, Training, Manpower, etc. 
4. 50th Anniversary Convention and Exhibit. Reports were 
presented on progress of the Convention program and the 1946 
Exhibit, indicating great interest on the part of both foundry- 
men and equipment and supply firms. 

A lengthy discussion took place on the International as- 
pects of the 1946 Convention, indicating that it would be 
highly undesirable, in view of present conditions of reconver- 
sion, to consider any A.F.A.-sponsored official plant tours by 
visitors from abroad. It was pointed out that considerable 
burden is involved in arranging, handling and conducting plant 
tours in our foundries under present conditions. Accordingly, 
the Executive Committee expressed the unanimous opinion 
that A.F.A. should not sponsor official plant tours of foreign 
foundrymen at the time of the 1946 Convention but that all 
arrangements for plant tours should be on an individual basis. 
The Secretary and Staff were instructed to act accordingly. 
5. Peter L. Simpson Memorial Award. Announcement was 
made that A.F.A. had received and signed agreement papers 
with Past President H. S. Simpson, consummating the accept- 
ance of Mr. Simpson’s offer to endow a Peter L. Simpson 


Memorial Award of A.F.A. Under this agreement, Mr. Simp- 
son deposited with A.F.A. an Endowment Fund of $5,000.00 
plus an amount to cover the cost of striking off a medal for 
presentation in 1946. The award is intended to be given to 
individuals “for noteworthy achievements during the previous 
year’ and may be awarded annually. In order to authoriz: 
the work of designing and preparing dies for the medal in- 
volved, Director Smith moved that A.F.A. stand the cost of 
preparation and dies. Seconded by Director Wallis and unani- 
mously carried. 

6. Standing By-Laws Committee. President Walls announced 
the appointment of a Standing By-Laws Committee as follows: 

Chairman, H. Bornstein, Testing & Research Division, 

Deere & Co., Moline, IIl. 
Horace A. Deane, American Brake Shoe Co., 230 Park 
Ave., New York. 

W. V. Johnson, Oliver Corp., South Bend, Ind. 

W. B. Wallis, Pittsburgh Lectromelt Furnace Corp., Pitts- 

burgh, Pa. 

R. F. Lincoln, Russell F. Lincoln & Co., Lakewood, Ohio 

E. W. Horlebein, Gibson & Kirk Co., Baltimore, Md. 

C. E. Hoyt, National Office, Chicago (Consultant) 

Wm. W. Maloney, A.F.A. Secretary, exofficio. 

The Committee personnel having the full approval of the 
members of the Executive Committee, the Secretary was in- 
structed to secure the necessary acceptances and to arrange for 
a meeting in the near future. 


7. 1945 Bound Volume of Transactions. Following discus- 
sion, it was agreed that one copy of the 1945 Bound Volume 
of TRANSACTIONS would be offered gratis to each Company 
and Sustaining member of record, but that volumes would be 
offered all other members only at a discounted price. It was 
recognized that in some cases it might be necessary to provide 
more than one gratis copy to certain Company and Sustaining 
members who have long been granted this privilege. 


8. Technical Activities Correlation Committee. It being pointed 
out that the Technical Activities Correlation Committee had 
not been reappointed for 1945-46, the question was raised as 
to whether this Committee and the Advisory Committee of 
T.D.P. actually overlap in their respective functions. President 
Walls declared that he would study the matter and consult 
further with members of the Executive Committee as to the 
relative status of these two groups. 


9. T.D.P. Solicitation. The Executive Committee reiterated 
that the solicitation of funds for T.D.P. would cease after the 
end of the calendar year 1945, and that thereafter the con- 
centration would be on Sustaining memberships. The Secre- 
tary stated that one last solicitation was planned for 1945. 


10. National Metals Congress. Following discussion, Director 
Wallis moved authorization for an A.F.A. exhibit booth at the 
National Metals Congress in February, 1946, at which time 
members of the National Office staff would be available for 
discussion of Exhibit space as well as advertising in AMERICAN 
FounpRYMAN. Seconded by Director Smith and carried. 


11. Educational Program. T.P.D. Director N. F. Hindle pre- 
sented for consideration an outline for a long-range National 
Educational Program calculated to be of lasting benefit to the 
entire Foundry Industry. Following discussions, the Executive 
Committee expressed enthusiastic approval of the program and 
offered a vote of confidence to T.D.P. Director Hindle and 
H. F. Scobie for their work in preparing the first comprehen- 
sive and detailed outline of A Foundry Educational Program. 
The Staff was directed to put the plan into operation. 

12. 1946 Apprentice Contest. Following discussion of the 1946 
National Apprentice Contests of A.F.A., Director Wallis moved 
that Ist Prize winners of each group (Gray Iron, Steel, Brass 
& Bronze, Patternmaking) be brought to the 50th Anniversary 
Convention at the expense of A.F.A., as a part of the Educa- 
tional Program, in the event their respective companies might 
be unable individually to take care of the expense involved. 
Seconded by Director Wilson and carried. 
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equal or better the average issue during 1946 

15. Staff Considerations. In the 
Committee considered an Organizational Plan presented by the 
Secretary and approved the employment of Frank E. Wartgow 
formerly American Steel Foundries and 


Executive session, Executive 


of recently with 
Hasbrouck Haynes Engineers of Chicago, as a member of the 
headquarters staff to concentrate first on staging the 1946 
Exhibits and thereafter on Chapter contacts. All members of 
the Finance Committee being present, approval was given pro- 


most 


posed compensation 


Other the Staff Organizational Plan 
cussed at length and the Secretary authorized to proceed along 


details of were dis 
lines agreed upon. 
16. There being no further business, the meeting was declared 


adjourned 
Respectfully submitted, 


Wa. W. Matoney, Secretar) 





Minutes of Executive Committee Meeting 
Palmer House, Chicago—January 15, 1946 


Walls 


t: President F. J. Walls 
Vice-President S. V. Wood 
Directors: R. J. Teetor 


Assistant Treasurer J. Reininga 


Minutes of the Executive Committee 


L. C. 


Wilson 


W. B. Wallis 
Secretary Wm. W. Maloney 
Secretary Emeritus R. E. Kennedy 
Director T.D.P. N. F. Hindle 


Treasurer C. E. Hoyt 


Meeting held in 
go November 14, 1945, were read and approved. 


bership Report.. The Assistant Treasurer presented fig- 


showing total dues collections of $141,775.93 to Decem- 
budget for entire fiscal year $135,000), against $98,- 
12.88 on December 31, 1944. 


' 
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ng 


i total 


Oss 
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et loss 


ne 


sc 
t) 


he 


of 90 


of 74. 


3; as against 829 New Members added. 
It was brought out that Book Membership on June 30, 
totaled 7,815, against 7,741 on December 31, 1945, a 


report showed Resignations and Deaths of Members 


311 and 592 Delinquents dropped since July 1, 1945, 


In view of the estimates of possible Membership 


ses made by the Special Sub-Committee on Dues Structure 
in December, 1944, and the end of the intensive war produc- 
period, it was pointed out that the actual loss during the 
yus six months had been less than 1% of the total Mem- 


rsnip 


Che Special Sub-Committee had estimated that the 


ng the six months period June 30-December 31, 1945: 


Class 


Sustaining 
Company 


Person 
Person 
Person 


\pprentice and Student.. 


al ie 
al (Affiliate ) 
al (Associate ) 


Foreign 


Honorary 


Total 


As of 
June 30, 1945 

239 
1,571 
1,062 
4,419 
241 
23 
205 
55 


7,815 


As of 
Dec. 31,1945 

194 
1,436 
1,237 
4,272 
258 

19 

270 


ae 


JI 


7,741 


due to increasing the dues might run as high as 12.5%. 
following tabulation shows losses and gains in Membership 


irector Wilson moved that the method of pro-rating of 
n the fiscal year basis be abandoned and that Member- 
e accepted and billed on a yearly basis on the first of 
onth following date of receipt of membership. Motion 
ed by Director Wallis and carried, 


3. Treasurer's Report. The report of the Treasurer was sub- 
mitted, comparing the fiscal year budget with Income and 
Expense for the first six months ending December 31, 1945: 
Actual income, $232,945.54, or approximately 68% of th 
total income budget of $341,800.00; actual expense, $105,- 
150.17, or approximately 30% of the budgeted of 


$341,800.00. 

The Committee declared A.F.A. finances for the first six 
months of the current fiscal year to be in excellent shape and 
that, barring circumstances unforeseen, should enable the Asso- 
ciation to stay well within the budgeted figures 


expense 


4. Technical Development Program. Director of the Program 
pointed out that, in addition to the “Cupola Handbook,” 
several other publications are now in the making. These 
clude an outline of the “Causes of Gray Iron Castings Defects,” 
a bibliography on Permanent Molds, a bibliography on Centri- 
fugal Castings and an “Inspection Handbook.” The Director 
also reported that a “Symposia on Malleable Sand Practices,” 
prepared for the 1945 Annual Convention, would be published 
in pamphlet form. 

Director Hindle requested that a sum of $2,000.00 be 
allowed the Battelle Memorial Institute for work on the Heat 
Transfer project. It was moved by Director Wallis, seconded 
by Director Wilson and carried, that this sum be turned over 
to Battelle at the earliest possible date. 


in- 


Brief discussion was held as to the advisability of continu- 
ing solicitation for further T.D.P. contributions. Without vote, 
the Committee agreed unanimously that no further solicitation 
of T.D.P. funds should be contemplated for at least another 
year, when results from the program become evident 
5. AMERICAN FouNnpDRYMAN. The 
plete redesigning of AMERICAN FouUNDRYMAN in order to im- 
prove its attractiveness for both readers and advertising men, 
and steps taken to add to the editorial staff. He reported no 
adverse comments on the magazine from advertising agencies 
and again stressed the point that building the American 
FOUNDRYMAN as an advertising medium would take consider- 
able time but that, in the meanwhile, every effort would be 


made to improve and broaden the magazine’s editorial content 


more 


Secretary announce ed com- 


6. Safety and Hygiene Committee. On invitation, James R. 
Allan of International Harvester Co. and C. F. Larsson of 
American Air Filter Co., appeared before the Committee and 
called attention to a serious problem confronting the industry 
in its Safety and Hygiene efforts. Mr. Allan stated that he 
would no longer be able to continue as Chairman of the 
Safety and Hygiene Committee and recommended that A.F.A. 
add to its Staff a full time employee, fully experienced in in- 
dustrial, mechanical and legal aspects of Dust Control opera- 
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tion. He urged that immediate steps be taken to insure con- 


tinuation of Safety and Hygiene operation between the industry 
and Governmental agencies in the various states concerned 
with such problems, to the end that such Safety and Hygiene 
Codes might be prepared on a factual and engineering basis 
in such a manner as not to seriously affect the ability of 
foundries to comply. 

Following discussion, it was agreed that a Special Com- 

mittee be appointed to make recommendations to the Board 
of Directors at the earliest possible date on the proposals and 
recommendations submitted relative to Safety and Hygiene 
work. Accordingly, President Walls appointed: L. C. Wilson, 
Chairman; R. T. Rycroft; F. J. Dost, and R. J. Teetor. The 
Committee was instructed to discuss the matter with interested 
parties so as to learn the scope of the problem and in order 
to prepare a proper basis for possible future action by the 
Board. 
7. Chicago Museum of Science and Industry Exhibit. The 
Secretary presented a letter from the Chairman of the Chicago 
Chapter concerning the need for funds to continue the operat- 
ing Foundry Exhibit at the Chicago Museum of Science and 
Industry. This foundry exhibit, one of the most popular ex- 
hibits at the Museum, has long been supported solely by the 
Museum and the Chicago Chapter, following the original con- 
ception and installation accomplished by the National Office. 
he Chicago Chapter stated that a total sum of $2,300.00 
would be needed to continue the Foundry Exhibit on a five- 
day schedule of operation throughout the year and suggested 
that A.F.A. contribute to the needed operating funds. 
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Following discussion, it was moved by Director Wallis 
seconded by Director Wilson, and carried, that the Exe« 
Committee recommend to the Board an_ expenditur 
$2,000.00 on the Museum Foundry Exhibit for the p 
February 1, 1946, to February 1, 1947, if the Chicago Ch 
would contribute the necessary additional $300.00 a year 
maintenance. 

It was also agreed by the Committee that more pub! 
should be given this Exhibit in AMERICAN FOUNDRYMAN 
that complete information be placed in the hands of all Ch: 
Chairmen as an example of a worthwhile Chapter activity 
8. Copyright of Convention Papers. It was pointed out 
A.F.A. has not been protected by copyright in the public: 
of papers offered the Association for presentation at the An 
Convention. A motion was made by Director Teetor, seco 
by Director Wallis and carried that A.F.A. should maint 
prior right of publication over all Convention papers, and 
all such papers should be copyrighted by the Association. It 
was understood that this action applied only to publicat 
and not to the remarks of individual speakers. 

Following discussion, the Executive Committee appro 
pre-printing, prior to the 1946 Convention, a number of papers 
published in AMERICAN FouNDRYMAN during 1945, such pap: 
having been submitted for the cancelled 1945 Conventior 
Action taken on motion by Vice-President Wood, seconded | 
Director Teetor. 

9. There being no further business, the meeting was adjourned 
Respectfully submitted, 
Wm. W. Matoney, Secretary. 





Minutes of Midyear Meeting of Board of Directors 
Palmer House, Chicago—January 16, 1946 


Presiding: President F. J. Walls 
Present: President F. J. Walls 
Vice-President S. V. Wood 
Directors: F. J. Dost S. D. Russell 
x. K. Dreher R. T. Rycroft 
D. P. Forbes J. Sully 
R. M. Jacobs R. J. Teetor 
H. R. Judson W. B. Wallis 
Max Kuniansky L. C. Wilson 
H. Reitinger F. M. Wittlinger 
Secretary Wm. W. Maloney 
1. Minutes of the Board Meeting held July 19, 1945, were 
dispensed with in view of the fact that they had previously 
been sent all Officers and Directors for approval. 

Minutes of the following Executive Committee Mectings 
were read and approved: 

(a) Executive Committee Meeting—September 6, 1945. 

(b) EBxecutive Committee Meeting—November 14, 1945. 

(c) Actions taken by the Executive Committee at meet- 

ing held January 15, 1946. 

2. Transactions. In response to question, it was stated that 
the 1945 Bound Volume of TrRANsAcTIONS would again be 
published, but henceforth in the same size as the AMERICAN 
FoUNDRYMAN magazine. 
3. Report of Finance Committee. Chairman Teetor presented 
the report of the Finance Committee in the form of (1) Com- 
bined Income and Expense report, and (2) Statement of Re- 
ceipts and Disbursements, both covering the period July 1- 
December 31, 1945. Particular attention was called to the 
statement of Income, showing 68% of the year’s Budget In- 
come received, only 30% expended, during the first six months 
of the current fiscal year. 

It was noted that the year’s Budget of Dues Income had 
already been exceeded by some $6,000; 58% of budgeted 
Advertising income already received; that Ircome item of 
$26,000 for Space Rentals was not representative of the fact 
that over 75% of total Exhibit Space available had been ap- 
plied for by January 1. In connection with Expense items, it 
was commented that Salaries totaled, for six months, less than 





50% of Budget; expense for Office Rent less than contem 
plated, due to inability to obtain desired larger quarters ; that 
the large proportion of Dues Refunds paid out during the first 
six months was natural! because of large percentage of membx 
ships falling due on July 1 each year. 

The Treasurer called attention to the fact that a stat 

ment of Net Worth of the Association on December 31, 1945, 
would show, in general figures (1) Cash On Hand, $143,000, 
and (2) Securities on Investment, $182,000; indicating a 
Total Net Worth on December 31, 1945, exclusive of Inver 
tories, of approximately $325,000. The Treasurer estimated 
that A.F.A. Income for the last six months of the current 
fiscal year would probably take care of all expenses incurred 
and that this would leave the Association’s Financial Conditio 
on June 30, 1946, in far better shape than ever before ex 
perienced. 
4. Report of Membership Committee. Chairman Wood : 
ported a Membership position and Dues Income as of D 
cember 31, 1945, far exceeding estimates of a year ago as | 
the losses that might be incurred as a result of increased du 
and the end of World War II. He pointed out dues collectio: 
in six months in excess of the entire year’s Budget. He call 
attention to the fact that estimates made a year ago took in 
consideration a loss of as much as 12.5% in membership as 
result of doubling the Company and Sustaining dues, wher: 
the actual net loss in the first six months was less than |‘ 
On June 30, 1945, Book Membership stood at 7815; on D 
cember 31, 1945, 7741; net loss, 74. 

In response to question, Chairman Wood stated that t! 
net loss in Membership during the first six months had bx 
more than made up by new memberships received after Ja: 
ary 1, 1946. 

5. Chapter Contacts Committee. Chairman Wood reported 
large number of Chapters visited by Officers and Directors a 
members of the Headquarters Staff during the current fis 
year. He also reported steps taken to add to the Staff a fu 
fledged Chapter Contacts man whose duty it will be, followi 
the Convention, to maintain continuous and frequent cont 
with all Chapters. 








MEETINGS 


a ged National Directors play a more active part in 
pters within their own territories and when on trips 
+4 ties at the time Chapter meetings are scheduled 
Walls urged Directors planning a Western trip to 
nilar visits to Chapters on the Pacific Coast, in 

nd in Texas. 
: tor Reitinger commented on favorable reactions to 
% 11 Chapter Chairman Conferences, as a result of 
sits to many Chapters, especially in the Eastern area. 
ement Committee. Director Rycroft reported three 
nt sessions held in the current fiscal year—at North- 
s-Southern Wisconsin, Northwestern Pennsylvania 
o Chapters. He stated that efforts were being mad 
‘4 other sessions and urged the attendance of as many 
1 is possible wherever such meetings are held. Presi- 
pointed out that Management meetings have re- 
increased Chapter membership, with most favorable 
on the part of the top Management of foundries 


Encouragement Committee. Director Sully reported 
progress by his Committee, especially in the Cana- 
pter territories. Other Directors commented on the 
d for encouraging further activities on the part of 
| Chapters toward interesting youths to enter the 
ndustry. Several Directors suggested various means 
plishing the aims of the Committee, and the National 
Staff was urged to do everything possible to assist 
acquiring surplus foundry equipment for instruction 
practice 
{ERICAN FOUNDRYMAN Policy Committee. Chairman W. 
B. Wallis called on the Secretary for a report on AMERICAN 
| RYMAN advertising, showing gross Advertising Revenue 
ight (8) issues in 1945, $61,295; Agency commissions 
$7.035: Net, $54,260. It was stated that average gross 
cht months was $7,661; average net, $6,782. The Secre- 
tated that the editorial content of the magazine was 
completely redesigned with the February, 1946, issue. 
He stated that the reaction of advertising agencies has been 
favorable and that prospects for 1946 were good, includ- 
prospects for a Golden Anniversary number to be published 
\pril, just prior to the 50th Anniversary Convention. 
In response to question, the Secretary stated that effort 
being made to maintain the volume of editorial matter in 
one issue at 50%, whereas the average magazine operates 
basis of 30-33%. 
l.D.P. Advisory Committee. Chairman Wood reported that 
[.D.P. Advisory Committee had been unable to hold a 
eting during the current fiscal year. He reported that the 
Cupola Handbook had been scheduled for publication by the 
of the 1946 Convention, other papers in line for nearby 
cation. In addition, he reported briefly on research being 
nducted under the Technical Development Program at 
ell University, Columbia University and Battelle Institute. 
1946 Nominating Committee. Past President Wilson, as 
Chairman of the 1946 Nominating Committee, presented the 
owing report: 
lhe 1946 Nominating Committee, as appointed by Presi- 
F. J. Walls, met in Chicago January 14, 1946, to con- 
and nominate candidates for the following offices in ac- 
ance with the A.F.A. By-Laws: 
President, to serve 1 year. 
Vice-President, to serve 1 year. 
5 Directors, to serve 3 years each. 
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“After due deliberation, the Nominating Committee pre 
sents, for approval by the Board of Directors, the following 
nominations: 

For President, S. V. Wood, President, Minneapolis Electric 

Steel Casting Co., Minneapolis 
For Vice-President, Max Kuniansky, Vice-President, 
Lynchburg Foundry Co., Lynchburg, Va 

For Directors: 

H. A. Deane, Works Manager, American Brake Shoe 
Co., New York (Gray Iron—Metrepolitan Chapter 
Stowell C. Wasson, Manager, National Malleable & 
Steel Castings Co., Chicago (Malleable Iron—Chi- 

cago Chapter 
H. G. Lamker, Superintendent of Foundries, Wright 
Aeronautical Corp., Paterson, N. J 
Magnesium— Metropolitan Chapter 
J. E. Kolb, Pattern Shop Superintendent, Caterpillas 
Tractor Co., Peoria, Ill. (Patternmaking—Central 
Illinois Chapter) 


Aluminum & 


B. L. Simpson, President, National Engineering Co., 
Chicago (Equipment & Supplies—Chicago Chapter) 
‘The Nominating Committee, in submitting this report, 
desires to point out the relative impossibility for any group of 
nine men to know personally all available and deserving can- 
didates. Therefore, the Committee recommends, for future 
nominating procedure, that the individual Chapter Boards be 
asked to submit names of candidates known to them, together 
with complete information on their qualifications, for consider- 
ation by the Committee.’ 


11. 50th Anniversary Foundry Congress The Secretary re- 
ported on progress in connection with the 50th Anniversary 
Convention and Exhibit. He stated that all Members and 
Exhibitors had been mailed the official hotel application form, 
along with a Tentative Schedule of Convention Sessions. H- 
reported some 200 Exhibit applications received to date, calling 
for over 75% of total space available. 

The Secretary reported considerable convention interest 
from England, but stated that no A.F.A.-sponsored tour would 
be conducted although the Association will continue to co- 
operate in assisting foreign visitors to visit foundry plants 
willing to receive them. 

12. Executive Committee Recommendations. The following 
recommendations from the Executive Committee meeting of 
January 15, were considered: 

(1) Recommendation that the method of pro-rating Dues 
on the fiscal year basis be abandoned progressively and 
that memberships hereafter be accepted and billed on 
a yearly basis, on the Ist of the month following date 
of receipt of membership. On motion duly seconded, 
approved. 

(2) Recommendation that National A.F.A. funds, to the ex- 

tent of $2,000.00, be expended to maintain a 5-day 
foundry operating exhibit at the Chicago Museum of 
Science and Industry. On motion duly seconded, ap- 
proved. 
Recommendation that the Association copyright all 
papers presented at the Annual Conventions and main- 
tain the stipulation with authors that the Association is 
entitled to prior publication rights. On motion duly 
seconded, approved. 


~ 


13. There being no further business, the mecting was ad- 
journed. 
Respectfully submitted, 
Wm. W. Maroney, Secretary. 
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FIrFTIETH ANNUAL MEETIN 


Minutes of Board of Awards 
Hotel LaSalle, Chicago—March I 1, 1946 


Presiding: L. C. Wilson, Chairman pro tem. 
Present: Past Presidents L. C. Wilson, D. P. Forbes, 
L. M. Shannon, H. S. Simpson. 
Secretary Emeritus R. E. Kennedy, 
Acting Secretary. 
1. In the absence of Chairman R. J. Teetor, Director Lee 
Wilson served as Chairman pro tem. 
2. As the first order of business, a motion was made and sec- 
onded that the Board of Awards join with the Executive Com- 
mittee at the latter’s meeting on March 12 for the purpose of 
dispatching a message of deepest sympathy to Chairman R. J. 
Teetor and Mrs. Teetor on the death of their son Lt. James 
Teetor, killed March Ist near Albuquerque, N. M. 
3. Acting Secretary Kennedy reported on the following stand- 
ing of the Board of Awards funds as of February 28, 1946, 


as follows: 


McFadden Fund $ 763.69 
Penton Fund 615.22 
Seaman Fund 195.91 
Whiting Fund 709.26 
Obermayer Fund 463.84 
Simpson Fund 125.00 

$2,872.92 


+. The A.F.A. Secretary’s summary of disposition of medals 
awarded by the Board of Awards during the past several years 
as contained in a letter dated December 11, 1945, was read. 
5. Decision was reached by the Board of Awards members 
present that the number of medals to be awarded would hinge 
upon consideration of available candidates. A number of names 
of candidates then were submitted, and after due consideration 
the necessary motions were made, seconded and carried that 
the Board of Awards recommends to the Board of Directors 
THAT the Wm. H. McFadden Gold Medal of A.F.A. be 
awarded to Hyman Bornstein, Director of Laboratories, 
Deere & Company, Moline, Ill., “for his many and out- 
standing contributions to the foundry industry, particu- 
larly in the field of gray cast iron.” 
THAT the John H. Whiting Gold Medal of A.F.A. be 
awarded to Peter Blackwood, Foundry Superintendent, 
Ford Motor Co. of Canada Ltd., Toronto, Ontario, “for 
his development work in and influence on free interchange 
of information pertaining to centrifugal castings.” 
THAT the Peter L. Simpson Memorial Medal of A.F.A. 
be awarded to Howard F. Taylor, formerly of the Naval 
Research Laboratory and now Research Associate, Massa- 
chusetts Institute or Technology, Cambridge, Mass., “for 
his unfailing interest in and contributions to foundry re- 
search, and for his influence on the broadening of naval 
research in the field of cast metals.” 
Chairman Wilson stated that a certificate of Honorary 
Life Membership would accompany the above medal awards. 
A motion was made, seconded and carried that no further 
medals be awarded for the year 1946. 
5. After due consideration of the awarding cf Honorary Life 
Memberships in the Association, motions were made, seconded 
and carried unanimously, that the Board of Awards recom- 
mends to the Board of Directors 
THAT Honorary Life Membership be conferred upon 
Harold J. Roast, Vice-President, Canadian Bronze Co., 
Ltd., Montreal, Quebec, “in recognition of his many and 
long continued contributions to the literature and cooper- 
ative enterprise of the foundry industry, both in the 
United States and Canada.” 
THAT Honorary Life Membership be conferred upon 
William J. Coane, Vice-President, Ajax Metal Co., Phila- 
delphia, “because of his long and continued service to the 
industry, and in recognition of the fact that, as one of 
the few living men who attended the first convention of 
A.F.A. at Philadelphia in 1896, he has remained continu- 
ously active in the industry.” 


[THAT Honorary Life Membership be conferred up 

President Fred J. Walls, Metallurgist, International Nix 

Co., Detroit, on completion of his term as President of t 

Association, and in recognition of his service to the As 

ciation and the foundry industry. 

6. In considering some suitable recognition for annual Found 
tion Lecturers, motion was made, seconded and carried that 
appropriately worded and engrossed certificate be prepared f 
presentation to the 1946 Foundation Lecturer. 

7. Consideration was given some form of recognition to 
company for outstanding works and developments made fre¢ 
available to the industry, as a result of which the Board 
Awards requested authorization by the Board of Directors 
develop an appropriate certificate that might be awarded + 
companies found worthy of such a citation. 

8. Having completed its duties for the year, the Board of 
Awards desires to go on record with further recommendations 
having to do with the procedure under which the Board 
expected to function. In analyzing potential candidates fo: 
medal awards, the Board finds itself with meager information 
as to qualifications of individuals who have performed out- 
standing service to the industry, and it feels the need for much 
more complete information with which to judge soundly th 
relative merits of candidates proposed. 

The Board feels, as do the members of the Nominating 
Committee which reported to the Board of Directors at its 
January 1946 meeting, that the Board of Awards cannot ac 
complish the purpose for which it was formed without mor 
adequate coverage of the accomplishments of men engaged in 
the foundry industry. Basically, a Board of seven members 
cannot intimately know and, therefore, evaluate the servic 
rendered by scores of worthy individuals, because of lack of 
records available outlining such qualifications. It does not feel 
that the few names annually submitted for analysis at th: 
Board of Awards meetings sufficiently cover outstanding work 
constantly being performed. 

After careful consideration of the problem, the Board re: 
ommends to the Executive Committee a reorganization of th 
procedures guiding the Board of Awards, whose express func- 
tion is to judge the merits of cases presented. While the Board 
does not presume to recommend inflexible rules of procedure, 
it does present to the Executive Committee for consideration 
the following thoughts and expressed suggestions: 

(1) Because the Chairman of the Board of Awards is th 
last retiring president, lacking essential background 
of the work of the Board, the Board feels that this 
procedure should be altered so that the oldest rank 
ing retired president should be designated to act as 
Chairman of the Board of Awards. 


(2) In order to present to the Board of Awards adequat: 
information on outstanding accomplishments of men 
in the industry, the Board recommends that a Stafl 
appointment be made for the specific purpose o! 
gathering information through published articles and 
contact from members of chapters and the industry 
in general, on the developments and improvements 
constantly occurring. Such a compilation of technica! 
developments by individuals responsible for ther 
should be a work of continued nature, to be kept 
up-to-date in every way. 

The Chairman of the Board of Awards annual! 
should designate from among its members, a sec! 

tary to collaborate with the National Office Staff | 
selecting the most outstanding candidates for prese: 
tation to and analyses of the Board of Awards. 


w 


Respectfully submitted, 
L. C. Witson, Chairman pro tem 
D. P. Forses 
L. M. SHANNON 
H. S. Simpson 























MEETINGS 


ne: President F. J. Walls 
t: President F. J. Walls 
Vice-President S. V. Wood 
Directors: L. C. Wilson 
W. B. Wallis 
J. H. Smith 
Secretary Wm. W. Maloney 


es of the January 15, 1946, Executive Committee 
were read and approved. Reading of the minutes of 
iarv 16, 1946, Board of Directors meeting were dis- 
with, these minutes having been sent to all A.F.A. 
rs previously. 
Convention and Exhibit. A report on the 50th An- 
Convention and Exhibit was presented by the Sec- 
the form of an outline program of technical sessions 
st of current exhibitors. The report showed income on 
entals as of February 28, $47,362.00, against the budget 
f $84,000.00, with the major portion of collections still 
made 
lhe Secretary stated that invitations had been issued to 
indry trade associations representing steel, malleable, 
iron, non-ferrous, magnesium, foundry equipment and the 


National Founders’ Association to be represented at the foundry 
with an exhibit, space to be provided by A.F.A. gratis. 
He stated that favorable replies had been received from the 


iron, malleable, non-ferrous and foundry equipment asso- 
With regard to foreign attendance, the Secretary stated 
t between fifty and sixty foundrymen from abroad had in- 
ted their intention of attending. In line with previous 
Board policy, no official tour is being sponsored by A.F.A. but 
convention facilities will be made available and some pro- 
on will be made for their housing. 
On the subject of housing at the Convention, the Secre- 
stated that in all probability many visitors would have to 
housed in private homes because of the great expected at- 
tendance. It was stated that members and exhibitors were 
being given priority in the matter of accommodations and that 
every effort would be made to provide rooms for National 
Officers and Directors, Chapter Officers and Directors and per- 
sons scheduled on the program. 

Chapter Activities. Several chapter possibilities were dis- 
cussed, particular attention being given efforts to create a new 
Seattle, Wash., chapter. The Secretary stated that Fred Sefing 
of International Nickel Co., on a west coast trip at the time, 
would address the Seattle group on March 19, at which time 
he would endeavor to interest them still further in forming 

\.F.A. chapter. 

rhe possibility of a request for a chapter in Sweden was 
ntioned by President Walls. After discussion, it was agreed 
formally that it would not be best to establish chapters in 
European countries but that A.F.A. should co-operate with 
foreign foundry groups in every possible way, as in the past, 
nd might make some special arrangements for the handling 


f 


of A.F.A. literature abroad. 


Technical Publications. It was stated in connection with 
forthcoming A.F.A. publications that the new Cupola 
Handbook would be made available at the convention in May 
with sufficient copies on hand for display and taking orders. 
The Secretary reported that the forthcoming History of 
Foundry Industry by B. L. Simpson would not be available 
onvention time in view of the fact that the printer had 
unable to obtain paper stock sufficient for its printing. 
is stated that the history would be published at the earliest 
ible date. 
\ letter from R. L. Lee as Chairman of the A.F.A. Cost 
mittee was presented containing the recommendation “that 
\., in cooperation with the Gray Iron Founders’ Society 
Non-Ferrous Founders’ Society, publish a booklet of the 
systems of the gray iron and non-ferrous groups, including 
publication the Cost Committee Classification of Foundry 
t Factors, also Recommendations to Buyers of Castings, and 


+} 





Minutes of Executive Committee Meeting 
A.F.A. Headquarters, Chicago—March 12, 1946 






Recommended Material for a Cost System for Small Foundries” 
and that such a booklet be made available to the foundry 
industry. Following discussion, the Executive Committee ex 
pressed its opinion that such a booklet should not be issued by 
A.F.A. in view of the fact that (1) the material has already 
been widely distributed by the various trade societies, and (2 
that A.F.A. should not enter into the matter of specific costs 
of foundry jobs. The opinion was expressed that A.F.A. should 
continue to encourage the use of cost systems prepared for 
specific branches of the industry by the various trade associa- 
tions 

Che Secretary presented a letter dealing with possibl 
sponsorship by A.F.A. of a translation of books by Piwowarsky 
on gray cast iron but pointed out that Battelle Memorial In- 
stitute was also interested in this translation work. After dis 
cussion, the Executive Committee expressed the opinion that 
Battelle was in a better position to sponsor this translation 
than was A.F.A., and instructed the Secretary to notify Bat 
telle accordingly 

The Secretary called attention to the fact that A.F.A. has 

received a number of requests from libraries in devastated por- 
tions of Europe asking the Association to provide them with 
books on foundry practice gratis. The Executive Committee 
expressed the opinion that A.F.A. should cooperate with such 
organizations in every possible way and suggested that such 
requests might well be discussed with delegates from abroad 
at the time of the Cleveland convention. 
5. Chapter Publications. A projected publication of the North- 
ern California Chapter on sand mulling was discussed at som« 
length. The Chapter’s original plan was to publish 10,000 
copies of the booklet and to ask the sand mixer manufacturers 
to subsidize the cost of the booklet through advertising at a 
cost of some $2,500. ‘The Secretary stated that when this plan 
was first divulged, A.F.A. had written the Chairman of the 
project and had phoned Director S. D. Russell in San Fran- 
cisco pointing out the inadvisability of such a program. He 
reported that the plan had been abandoned and that the Chap- 
ter would issue a much smaller number of copies for distribu- 
tion on the west coast at nominal cost per copy. 

Members of the Executive Committee expressed the opinion 

that there should be some closer tie between the National Office 
and Chapters with respect to future Chapter publications, and 
the Secretary was instructed to place the matter on the docket 
of the 1946 Chapter Chairman Conference. 
6. AMERICAN FouNDRYMAN. A _ report on the AMERICAN 
FouNDRYMAN, both editorial and advertising, was presented 
and discussed. The report showed that the AMERICAN Founp- 
RYMAN had exceeded its 1945 budget for advertising revenue 
and that a Pre-Convention issue would be published in April, 
1946. It was stated that a growing acceptance on the part of 
advertisers had become more evident in recent months and 
that this has led to a complete redesigning of the magazine, 
effective with the February, 1946, issue. 

The Secretary stated that a questionnaire on the new de- 
sign and other features of the magazine had been sent all 
members in the United States and Canada and that the reports 
were most favorable with regard to reader interest and appre- 
ciation of the AMERICAN FouNDRYMAN editorial content. 

7. Chapter Chairman Conference. The 1946 Chapter Chair- 
man Conference was discussed and the Secretary instructed to 
issue a call at the proper time for this meeting, to be held 
during the same week of the annual Board meeting in July, on 
the preceding two full days. 

8. Safety and Hygiene. Director Wilson, as Chairman of the 
special committee on Safety and Hygiene, reported on his com- 
mittee’s work in sounding out the desirability of a permanent 
Industrial Hygiene Department of A.F.A. He stated that a 
number of opinions had been obtained on the subject and on 
the question of state codes of hygiene but reported that further 
conversations would be held with the American Standards Asso- 
ciation and that his committee would report back to the Ex- 
ecutive Committee with recommendations at the earliest pos- 
sible date. 
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9. Resolutions. The deaths of Past President S. Wells Utley of 
Detroit Steel Casting Co. and Past Director S. C. Vessy of W. 
W. Siy Mfg. Co. were reported and the Secretary instructed to 
draw up resolutions of sympathy accordingly. 


10. Technical Development Program. It was stated that the 
amount of accumulated cash in the Technical Development 
Program account at the Northern Trust Co. made advisable 
the reinvestment of some $15,000.00 in U. S. Government 
Bonds, in view of the fact that the Technical Development 
Program now is included in a combined budget for the entire 
work of A.F.A. On motion by Director Wilson, seconded by 
Director Wallis, it was voted unanimously to reinvest $15,000.00 
of T.D.P. funds in appropriate U. S$, Government Bonds. 


11. Resignation of ]. Reininga. The Secretary reported to the 
Executive Committee that Jane Reininga, Assistant Treasurer 
of the Association and a Staff member for 30 years, had ex- 
pressed her intention of retiring on March 15, 1946, due largely 
to health considerations brought about by the increasing bur- 
dens involved in servicing a steadily expanding Membership 
with all the resultant details. Members of the Executive Com- 
mittee were unanimous in their expressions of appreciation for 
her long and faithful period of service in connection with 
Membership work, finances, Convention activities and many 
other phases of the Association development. With deepest 
regret the Committee voted to accept Jane Reininga’s retire- 
ment intentions, and at the same time, voted unanimously to 
extend to her separation compensation as some measure of their 
appreciation for extended service. President Walls, in making 
this presentation, expressed on behalf of the Association the 
hope that Jane would enjoy many years of leisure and happi- 
ness and invited her to be a guest of the Association at the 
50th Anniversary Convention in Cleveland. 

12. Staff Additions. The Secretary reported that N. F. Hindle, 
Director of T.D.P., had suffered a nervous collapse in February 
and had been confined to his bed for at least two months at 
his home at 5 W. Warren St., Calumet City, Ill. He reported 
that in view of Norm Hindle’s illness, immediate steps had 
been taken with the approval of President Walls to hire S. C. 
Massari, formerly Chief Metallurgist, Association of Chilled 
Car Wheel Manufacturers, and lieutenant colonel with the Chi- 
cago Ordnance District, on a temporary basis to head up and 
carry through the technical program for the Cleveland con- 
vention. He also reported that John P. Mullen, formerly Pub- 
licity Director for the Gray Iron Founders’ Society, had also 
been retained on a temporary basis to carry through publicity 
and other matters for the convention. It was agreed that fur- 
ther discussion relative to future work with A.F.A. would be 
held at a later date. 

13. Membership. A Membership Report was submitted by the 
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Secretary showing book membership on February 28, 1946, 
7,943, compared with 7,815 on June 30, 1945, and 7,194 
January 1, 1945. It was stated that 1,100 New Members |! 
been added to the rolls between last June and February 
with a loss of 339 due to resignation and deaths and 633 
non-payment of dues, a total of 972; a net gain of 128, 
spite of reconversion, dues increases and the like. 

The report showed a total dues collection for the cur: 
fiscal year to February 28, 1946, of $145,953, against coll 
tions of $100,948 for the same period one year ago. 

14. Finances. A financial report was submitted to the Execut 
Committee in the form of a “Net Worth Statement” show) 
the following increases in various accounts during the eig! 
month period June 30, 1945, to February 28, 1946; 
Checking Accounts Increase, $69,568.57 ; (2) Savings Account 
$1,276.40, and (3) Investment Securities, $40,000.00. 

The net worth statement showed the following itemiza 


tion: 
As of As of Increase 
June 30, Feb. 28, or 
Checking Accounts 1945 1946 Decrease 
General Funds ............ $17,439.54 $113,546.50 $96,106.96 
Cupola Research ..... 12,401.97 12,016.69 385.28* 
Technical Development 
ONO, Sica ceksnins 45,003.92 18,850.81 26,153.11* 
Total Checking.... $74,845.45 $144,414.00 $69,568.57 


Savings Accounts 
Award Funds Interest. $ 2,809.74 $ 2,914.45 $ 104.71 
yet ee 183.34 509.81 326.47 
General Reserve 

Interest: ............ 


9,295.69 10,140.91 845.22 


Total Savings . $12,288.77 $ 13,565.17 $ 1,276.40 
Investments 
Securities: 
Award Funds 
Cupola Research 
General Reserve .. 


T.D.P. Funds . 


$ 21,349.60 $ 26,349.60 $ 5,000.00 
20,000.00 20,000.00 
40,644.30 40,644.30 
50,000.00 85,000.00 35,000.00 

Total Investments..$131,993.90 $171,993.90 $40,000.00 

Increase, 8-month period..:...............cceescssescssveees $110,844.97 


*Decrease. 
15. There being no further business, the meeting was ad- 
journed. 
Respectfully submitted, 
Wm. W. Matoney, Secretary. 





Minutes of Executive Committee Meeting 
Hotel Statler, Cleveland—May 7, 1946 


Presiding: President F, J. Walls 
Present: President F. J. Walls 
Vice-President S. V. Wood 
Directors: R. J. Teetor 
L. C. Wilson 
W. B. Wallis 
J. H. Smith 
Secretary Wm. W. Maloney 
1. Minutes of the March 12, 1946, meeting of the Executive 
Committee were read and approved. 
2. Financial Reports. A report on finances was submitted by 
the Secretary in two parts. The report on Income and Ex- 
penses showed as of March 31, 1946, an excess of $15,057.17 
of income over the budget of $341,800.00 for the fiscal year; 
and total expense $158,574.31 less than the expense budget. 
A statement of assets as of March 31, 1946, compared 
with June 30, 1945, showed a total increase in assets of $166,- 


896.63 for the 9-month period. Included was an increase of 
$125,470.23 in checking accounts, an increase of $1,426.40 in 
savings accounts, and an increase of $40,000.00 in securitics 
investments. Total assets on March 31, 1946, $386,024.73. 
3. Membership. A Membership report was submitted by th: 
Secretary showing book membership of 8,073 on March 
1946, as against 7,338 on March 31, 1945. Dues collections 
for the 9-month period ending March 31, 1946, totaled $147,- 
781.05, against a budget estimate of $135,000.00 for the ent 
fiscal year. 

The report on membership was brought up to date as of 

April 30, 1946, to show a total membership of 8,282, a nt 
gain of 467 since June 30, 1945, after overcoming losses d 
to increased dues, reconversion, etc. 
4. Convention Activities. A brief report on activities connect 
with the 50th Anniversary Convention was presented by | 
Secretary, calling attention to events of particular interest 
members of the Executive Committee. 
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and Hygiene. The Executive Committee discussed 
rt prepared by Director L. C. Wilson, Chairman of a 
Committee appointed to investigate the need for and 
ty of a permanent Safety and Hygiene Program of 
Correspondence with the American Standards Associa- 
presented indicating their desire for A.F.A. to sponsor 
safety and hygiene for consideration by A.S.A. as 
Standards. Following discussion a motion was made 
tor Wallis, seconded by Vice-President Wood, unani- 
rried 
HAT the Executive Committee recommends to the Board 
Directors that L. C. Wilson be appointed as Temporary 
irman of a Safety and Hygiene Special Committee to 
operate with the American Standards Association, for 
purpose of sponsoring a Foundry Code for consider- 
on by A.S.A. as an American Standard. 


was agreed that further discussions should be held at 
rliest possible date in order to resolve what the A.F.A. 
would be with regard to dust counts, a permanent 

in, and similar problems. 
ind Research. The Secretary presented for consideration a 
st by the A.F.A. Fellow at Cornell, D. C. Williams, for 
ase of $50.00 per month in the amount of the Fellow- 
ffective July 1, 1946. A brief background on the found- 
the Fellowship was presented and the Executive Com- 
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mittee expressed the thought that Sand Research at Cornell 
should continue to be carefully supervised so as to obtain 
maximum good from this project. It was also felt that a ques- 
tion of an increase in the Fellowship should be passed upon 
by the Foundry Sand Research Committee 
tion was made by Director Wilson, secondea by Director Smith 


Therefore, a mo- 


and unanimously carried 
THAT the Executive Committee recommends to the Board 
of Directors continuation of the A.F.A. Fellowship at 
Cornell University and that the amount of the Fellowship 
be increased by $50.00 per month for the fiscal year 
1946-47, subject to approval by the Foundry Sand R« 
search Committee 


7. Technical Committee Organization. The Secretary stated 
that S. C. Massari as Acting Technical Director was preparing 
a plan to accomplish some reorganization of our A.F.A. Tech- 
nical Committees with a view to eliminating inactive Com- 
mittees and delineating for each Committee its specific duties 
and responsibilities. The Executive Committee urged that such 
a plan be carried forward and presented for approval at an 
early date so as to become effective with the formation of 
Committees for the year 1946-47, 

8. There being no further business, the meeting was adjourned 


Respectfully submitted, 
Wa. W. Maroney, Secretar) 





Minutes of Board of Directors Meeting 
Hotel Statler, Cleveland—May 7, 1946 


Presiding: President F. J. Walls 
Present: President F. J. Walls 
Vice-President S. V. Wood 
Directors: R. M, Jacobs, Joseph Sully, Max Ku- 
niansky, R. J. Teetor, W. B. Wallis, F. J. 
Dost, S. D. Russell, R. T. Rycroft, L. C. 
Wilson, G. K. Dreher, E. W. Horlebein, 
H. H. Judson, J. H. Smith, F. M. Wit- 
tlinger 
Secretary Wm. W. Maloney 
Treasurer C. E, Hoyt 
Secretary Emeritus R. E. Kennedy 
\lso Present: Past Director B. D. Fuller, Member Advisory 
Board. 


Minutes of the following meetings were read and approved: 

a) Executive Committee Meeting—January 15, 1946. 

b) Board of Directors Meeting—January 16, 1946. 

c) Executive Committee Meeting—March 2, 1946. 

In connection with the Executive Committee Meeting held 
the morning of May 7, 1946, the Secretary presented for dis- 
cussion at the proper time on the Board Agenda the recom- 

endations of the Executive Committee. 
2. Reports of the Secretary. The Secreti.y presented the fol- 
lowing reports for the information of the Board of Directors. 
1) Income and Expense Budget Report for March 31, 1946. 
b) Statement of Assets as of March 31, 1946. 
Membership Report for May 2, 1946. 
c) Executive Committee Meeting—March 12, 1946. 


Convention Report. A brief report on the 50th Anniversary 
Convention activities was presented by the Secretary, calling 
tention to items of particular interest to the Directors, in- 
ding the Annual Business Meeting May 9, Alumni Dinner 
May 9, and the Annual A.F.A. Dinner May 10. 
+. Recommendations of Board of Awards. The report of the 
rd of Awards on the awarding of A.F.A. medals and 
orary Life Memberships at the 1946 Convention was pre- 
ted. In addition, the Board of Awards made certain rec- 
ndations for approval by the Board of Directors. It was 
d by Director Wallis, seconded by Director Smith, and 
d, that the recommendations of the Board of Awards 
ceepted and the Staff was instructed to comply. 


5. Safety and Hygiene. Recommendation of the May 7, 1946, 


meeting of the Executive Committee was presented, as follows: 
THAT L. C. Wilson be appointed as ‘Temporary Chair- 
man of a Safety and Hygiene Special Committee to co- 
operate with the American Standards Association, for the 
purpose of sponsoring a Foundry Code for consideration 
by A.S.A. as an American Standard 


It was stated that a real need for a Safety and Hygiene 
program in the interésts of the entire foundry industry had 
been found, and that A.F.A. seemed to be the only group 
which could write and sponsor foundry codes which might 
receive full consideration by all interests involved. Director 
Wilson as Chairman of a Special Investigating Committee on 
the subject called attention to the formulation of state codes 
which have been considered inimical to foundry interests. He 
pointed out that A.F.A. had sponsored jointly with N.F.A. a 
foundry code which was approved by A.S.A. as an American 
Standard in 1932, but that this code is badly in need of revi- 
sion. He also pointed out that all A.F.A. codes issued since 
that date have been sponsored and published solely by A.F.A. 
but that there seemed good reason for future codes being pre- 
sented to the A.S.A. for issuance as American Standards. 

On motion by Director Horlebein, seconded by Director 
Dreher, the recommendation of the Executive Committee for 
appointment of Director L. C. Wilson as Temporary Chairman 
of a Safety and Hygiene Special Committee, was approved 
6. Sand Research. Recommendation of the May 7, 1946, meet- 
ing of the Executive Committee, with reference to A.F.A. 
Sand Research at. Cornell University, was read: 

THAT continuation of the A.F.A. Fellowship at Cornell 

University and that the amount of the Fellowship be in- 

creased by $50.00 per month for the fiscal year 1946-47, 

subject to approval by the Foundry Sand Research Com- 

mittee. 


President Walls stated that no action by the Board should 
be taken until receipt of approval by the Foundry Sand Re- 
search Committee for the July Board Meeting. 

7. Chapter Publications. Director Russell called attention to 
the issuance of a publication entitled ‘““The Man at the Muller” 
by the Northern California Chapter and declared that the 
original plans of the Chapter for national distribution of the 
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publication had been scaled down to more or less local distribu- 
tion at the suggestion of the National Office. The Board ex- 
pressed the opinion that publications of this type by Chapters, 
bearing the name of the A.F.A., should properly be reviewed 
before publication but admitted that no national policy exists 
with regard to Chapter publications of any type. The Secretary 
pointed out that there is no by-laws provision with regard to 
publications issued by Chapters over the name of the Asso- 
ation 

No action was taken with regard to future publications 


that may be issued by the Chapters, 
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8. 1946 Chapter Chairman Conference. Following discu 
the Board approved the dates of July 24 and 25 for the 
Chapter Chairman Conference, with July 26 set aside fo: 
Annual Meetings of the Board of Directors. It was ag 
that the 1945-46 Board would hold its final meeting the 
ing of July 26, with the first meeting of the 1946-47 B 
scheduled for that afternoon. 


9. There being no further business, the meeting was adjou 


Respectfully submitted, 
Wan. W. Matoney, Secretar) 





Minutes of Executive Committee of Directors Meeting 
A.F.A. Headquarters, Chicago—June 28, 1946 


Presiding: President F. J. Walls 
Present: President F. J. Walls 
Vice-President S. V. Wood 
Directors: R. J. Teetor 
L. C. Wilson 
W. B. Wallis 
Secretary Wm. W, Maloney 
1. Minutes of the Executive Committee Meeting and Board of 
Directors Meetings, held in Cleveland May 7, 1946, were pre- 
sented and approved. 
2. Financial Report. A report of Income and Expense was 
submitted by the Secretary showing the budget for the fiscal 
year 1945-46 as compared with actual Income and Expense 
for the first 11 months, and estimated Income-Expense for 


June, 1946. This report showed the following condensed 
figures: 
INCOME 
Budget $341,800.00 
Actual 426,533.00 
Excess $84,733.00 
EXPENSE 
Budget $341,800.00 
Actual . 330,400.00 


Remainder 11,400.00 
SURPLUS $96,133.00 

3. Membership Report. A membership report was submitted 

by the Secretary for June, 1946, showing book membership on 

June 30, 1946, of 8539, compared with 7815 on June 30, 1945, 

a net gain of 724 members in spite of losses due to increased 

dues, reconversion, etc. 

The report also showed total dues collections for the fiscal 
year ending June 30, 1946, totaled $148,819.71 as against 
$103,281.22 on June 30, 1945, a gain of $45,538.49. It was 
pointed out that the membership again is at an all-time high. 
+. Annual Lecture Committee. The Secretary called attention 
to recommendations made to the Executive Committee at a 
meeting held in Chicago June 12, 1946, these recommenda- 
tions and actions being as follows: 

(a) The Committee recommended that the name “Foun- 
dation Lecture’ be changed and instead be named after some 
prominent foundryman. 

The Executive Committee looked favorably on this sug- 
gestion and requested that the Annual Lecture Committee sub- 
mit two or three names for consideration at the Annual Board 
Meeting, July 26, 1946. 

(b) The Lecture Committee requested that consideration 
be given setting up an emolument for the Annual Foundation 
Lecturer. The Executive Committee expressed the desire for 
more specific recommendations by the Lecture Committee, and 
tabled the subject until the Annual Board Meeting, July 26. 


(c) The Lecture Committee recommended that more c« 
sideration be given the time of holding the Foundation Lectu: 
at A.F.A. Conventions, especially during an Exhibit year 

The Executive Committee instructed the Secretary to giv: 
careful consideration to the matter in connection with futu 
Convention programs. 

(d) The Lecture Committee recommended that addi 

tional members be appointed to the Committee so as to repre 
sent the various foundry branches of A.F.A. This matter was 
referred to the President for appointments, since the Lecture 
Committee is an Appointive Committee of the Board. 
5. AMERICAN FouNDRYMAN. A report on advertising revenu 
of AMERICAN FOUNDRYMAN was presented by the Secretary 
showing a gross revenue of $112,930.50 for the 14-month 
period May, 1945-June, 1946, inclusive, representing a net 
(after agency commissions) of $99,539.55. 

For the fiscal year July, 1945-June, 1946, gross adverti 
ing revenue totaled $94,629.25, against the budget of $75, 
000.00 gross revenue. Net revenue, after agency commissions, 
for the fiscal year totaled $83,247.31. 

Attention was called to the growing acceptance of Ameri- 
CAN FouNDRYMAN by the membership and by advertisers, and 
the Executive Committee expressed approval of continuation 
of the editorial policy, but with the suggestion that more atten- 
tion be given the publication of practical foundry articles. 

6. Committee Organization, 1946 Technical Program, A.F.A 
Publication Policy, A.F.A. Sponsored Research. All of thes 
subjects were considered together following presentation of 
complete plans and recommendations by Acting Technical 
Director S. C. Massari. The entire presentation was unani- 
mously approved, and it was the consensus of opinion that th 
entire plan should be kept intact for the information of any 
new Officer or Director of the Association. Mr. Massari was 
strongly commended for the presentation. 

7. Meeting of Foundry Groups. President Walls read a lette: 
received from the President of the National Founders’ Associa- 
tion requesting attendance by the A.F.A. President and mem- 
bers of the Executive Committee at a meeting in Cleveland 
July 10 for the purpose of considering formation of an “Over- 
all Foundry Council.’ Following discussion, the Executi 
Committee agreed that A.F.A. should attend this meeting 
President Walls to be accompanied by Vice-President Wo 

and Directors Wallis and Wilson. 

8. Chapter Possibilities. Various possibilities for the formati 

of new Chapters were discussed. The Secretary was instruct 

to continuously cooperate with any sound move toward est: 

lishment of new Chapters in foundry centers. 

9. Apprentice Contest Prizes. The Secretary called attenti 

to the fact that the cash awards of $30.00, $20.00 and $10 

now offered in the four Divisions of the National Apprent 

Contests have not been considered consistent with the ho: 

of winning a national contest. It was pointed out that seve 

Chapters offered prizes for their local contests in amou: 
equal to those awarded in the national contest and it was su 


| 
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the Executive Committee give consideration to in 
prize awards to $100.00 for first prize, $50.0 


} 


$25.00 third prize 





tive Committee expressed approval of the reasons 
ncreasing the awards and instructed the Secretary 
te the availability of funds for making such in- 
rds, for presentation of a specific recommendation 
11 Board Meeting, July 26. 
a n Standards Association. The Secretary presented 
the American Standards Association requesting 
ppoint a representative to participate in developing 
7 lor protective occupational footwear In view of the 
ther matters of cooperation with A.S.A. were pending 
ry was instructed to withhold appointment of a 
ve as requested until the complete matter has been 


Attention was called to the 

tion by the Board of Directors at its July, 1945, 

Meeting, with reference to retirement pay for Secretary 

R. E. Kennedy, could be taken only for the fiscal 

July 1, 1946. Accordingly a motion was made by 

dent Wood, seconded by Director R. J. Teetor, and 
carried 

{AT the Board resolutions adopted July 18, 1945, with 


er Compensations 


nce to retirement compensation of Secretary Emeritus 
E. Kennedy be extended the fiscal year ending June 30, 


mended to the Board of Directors for approval 
ntion was called to the fact that resolutions by the 
Directors adopted at the Annual Board Meeting, July 
set forth the retirement of Treasurer C. E. Hoyt on 
1946, with retirement compensation thereafter. In 
the necessity of making these actions official for the 
1946-47 under a changing Board, it was moved by 
\ President Wood, seconded by Director R. J. Teetor, and 


HAT the Board resolutions adopted July 18, 1945, with 
ference to retirement compensation for Treasurer C. E 
Hovt, commencing August 1, 1946, be authorized for the 
il year ending June 30, 1947. 
Recommended to the Board of Directors for approval 


Requirements. In view of the retirement of C. E 


H s Treasurer on August 1, 1946, and the resignation of 
nt Treasurer Jane Reininga on March 15, 1946, the 
S tary pointed out the necessity for action authorizing staff 


tures necessary for the signing of Association checks. He 
winted out the advisability of having three authorized 
Staff signatures as in the past. On motion by Director Wallis, 
d by Vice-President Wood, the Executive Committec 
nde d 
THAT the offices of Secretary and Treasurer be combined 
or the fiscal year ending June 30, 1947, and that Secre- 
tary Wm. W. Maloney be elected Secretary-Treasurer for 
this period 
Recommended to the Board of Directors for concurrence 
Some discussion took place regarding the necessity for 
ng two authorized signatures on Association checks and 
msensus of opinion was that the presence of either one or 
signatures would in no way alter the degree of respon- 


sibility or authentication necessary to the accounting of Ass 
ciation funds. Accordingly on motion by Director Wilson, s 
onded by Vice-President Wood, the Executive Committee vot 


THAT after August 1, 1946, Association checks may |! 


issued bearing any one of the following authorized signatures 
President, Vice-President, Secretary- lTreasu UR Lechnical 
Director, Assistant Treasure 
Recommended to the Board of Directors for concurren 
13. Staff Considerations Authorization was given Secretary 


Maloney to make the necessary arrangements for signatures. 
and for arranging bond in the proper amount for those Staff 
members authorized to sign Association checks or to hand 
Association moneys 

The Secretary informed the Executive Committee tl 
S. C. Massari, who joined the staff in February, 1946, o1 


temporary basis to July 1, had agreed to remain as a Staff 
member 4 motion then was made by Vice-President Wood 
seconded by Director Wallis and carried 
THAT S. C. Massari be retained, at compensation re: 
ommended by the Finance Committee, as Technical Dire: 
tor for the fiscal year July 1, 1946-June 30, 194 


Recommended to the Board of Directors for approval 

The Secretary informed the Executive Committee that 
John P. Mullen who joined the staff in February, 1946, on 
temporary basis to July 1, had agreed to remain as a Stafl 
member 4 motion then was made by Vice-President Wood, 
seconded by Director Wallis 

THAT John P. Mullen be retained in the capacity of 

Asst. Treasurer for the fiscal year July 1, 1946-June 50, 

1947, at compensation recommended by the Finance Con 

mittee 

Recommended to the Board of Directors for approval 

The Secretary called attention to the work of Theresé 
Koeller who has been in charge of AMERICAN FOUNDRYMA 
advertising since May, 1945, and recommended that recogni 
tion be given her work in this capacity 

President Walls and Vice-President Wood reported th 
results of conversations held with N. F. Hindle, Director of th 


echnical Development Program, whose serious illness, in 
curred in February, 1946, had made it impossible for him t 
President Walls stated that Mi: 


Hindle still was unable to say when his recovery might be 


return to staff activities 


sufficient to permit his return to active status but that th 
Association was primarily interested in Mr. Hindle’s complet 
recovery at the earliest possible date It was pointed out, 
however, that the Association would have to go forward in its 
activities, taking actions deemed necessary to that end .¥ 
cordingly, it was moved by Director Wallis, seconded by Dire« 
tor Teetor and carried 

THAT N. F. Hindle be satisfactorily compensated, for 

such period as he may be still convalescent during the 

fiscal year July 1, 1946, through June 30, 1947, in th 

hopes that his complete recovery may be accomplished 

during this period of time 

Recommended to the Board of Directors for approval 
14. There being no further business, the meeting was ad 
journed 

Respectfully submitted, 
Wma. W. Maroney, Secretar) 
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Minutes of Annual Meeting 1945-46 Board of Directors 
Hotel Stevens, Chicago—July 26, 1946 


Presiding: President F. J. Walls 
Present: President F. J. Walls 
Vice-President S. V. Wood 
Directors: R. M. Jacobs, Joseph Sully, Max Ku- 
niansky, R. J. Teetor, W. B. Wallis, F. J. 
Dost, S. D. Russell, R. T. Rycroft, L. C. 
Wilson, E. W. Horlebein, H. H. Judson, 
J. H. Smith, F. M. Wittlinger 
Secretary Wm. W. Maloney 
Treasurer C. E. Hoyt 
Also Present: Directors Elect B. L. Simpson, H. A. Deane, 
S. C. Wasson, J. E. Kolb. 

1. Minutes of the following meetings were read and approved: 
Executive Committee Meeting, Cleveland, May 7, 1946. 
Board of Directors Meeting, Cleveland, May 7, 1946. 
Exceutive Committee Meeting, Chicago, June 28, 1946. 

2. Finance Report. A report of the Finance Committee was 

offered by Chairman R. J. Teetor who called attention to the 

auditor's official report of the Association accounts for the 
fiscal year ended June 30, 1946. Particular attention was 
directed to a Consolidated Fund Statement, in the nature of 

a Net Worth Statement, showing that the Net Worth of the 

Association on June 30, 1946, was $341,188.90. 

Attention was called to the auditor's Statement of Income 
and Expense for the General activities of A.F.A., comparing 
actual figures with budgeted figures. This statement showed 
actual Income of $417,226.32, against the budgeted Income of 
$341,800; actual Expense $323,792.88, against budgeted Ex- 
pense of $323,400.00. Budgeted “Surplus” of Income over 
Expense, $18,400.00; actual “Surplus” of Income over Expense, 
$93,433.44. 

It was pointed out that $32,800.00 of Income is shown as 
Income Deferred for 1946-47 operations, leaving a balance of 
$60,633.44 deferred to the Fund Principal of the Association. 
Attention was called to the fact that the various Reserve Funds 
of the Association showed the following balances as of June 30, 
1946: Technical Development Program Fund, $104,064.40; 
Cupola Research Fund, $31,403.85; General Reserve Fund, 
$51,069.06; Awards Fund, $29,231.55. 

On motion by Director Horlebein, seconded by Director 
Wilson, the Report of the Finance Committee was accepted. 


3. Membership Report. Vice-President Wood as Chairman of 
the National Membership Committee, reported the membership 
of the Association on June 30, 1946, as 8,530, against 7,815 
at the same time the previous year, a net gain of 724 or 
9.26%. Chairman Wood called attention to the fact that this 
net gain had been accomplished in spite of losses due to the 
end of the War and an increase in the Sustaining and Com- 
pany membership dues effective July 1, 1945. 

In commenting on the growth in the Association member- 
ship, the Secretary pointed out that in spite of a loss of 56 
Sustaining members, and a loss of 109 Company members, 
Dues Income increased by $32,400.00 over the previous year. 
It was pointed out that such a condition was anticipated prior 
to action being taken by the Board toward increasing Company 
and Sustaining member dues. 

On motion by Director Kuniansky, seconded by Director 
Wallis, Report of the Membership Committee was accepted. 
4. Report of the Secretary. The Secretary submitted a written 
report covering Association activities during 1945-46, which 
was filed without reading, for the record. 

5. Report of Chapter Contacts Committee. Vice-President 
Wood, Chairman of the Chapter Contacts Committee, reported 
on visits made to various Chapters by National Officers and 
Directors and stressed the fact that, while such visits have 
been eminently well received, even closer contacts with A.F.A. 
Chapters are necessary in the future. He reiterated a sugges- 


tion made at a previous Board Meeting that only a full-t 

Chapter contact man could accomplish this work with c 

plete success and maximum results. 

6. Report of Committee on AMERICAN FOUNDRYMAN Pol 

Director Wallis, Chairman, reported on advertising reve: 

and costs during the year 1945-46. Quoting from the audit: 
annual report he pointed out Gross Advertising Income 

$94,278.35 as against Production Cost (including printi 
postage, agency commissions and promotional work) of $8 
792.89, in spite of original prophesies that the magazine cou 
not be operated at a profit during its first year. 

He also pointed out that, with TRANSACTIONS material 
now being printed in AMERICAN FOUNDRYMAN instead of a 
Quarterly, the resultant saving in production cost must b 
shown on the credit side of AMERICAN FOUNDRYMAN; sin 
the cost of the Quarterly in its last previous year approximated 
$14,000.00, he estimated that the spread between Gross Ad 
vertising Revenue and Gross Production Cost during the past 
year was considerably greater than the figures indicated. 

The Secretary pointed out that advertising in AMERICAN 
FouNDRYMAN is being sold solely on the basis of returns for 
the advertiser and not as support for A.F.A. activities in gen- 
eral. He stated that effort would be made consistently to 
improve the editorial content in accordance with expressed 
desires of the membership. He also stated that the magazin: 
would require two or three years of assistance to develop its 
possibilities beyond the results shown at the end of the first 
year of operation with the inclusion of regular monthly ad- 
vertising. 

7. Report of the Management Committee. Director Rycroft, a 
Chairman, reported on Management Meetings held with several 
local Chapters during the past year and urged that such meet 
ings be continued in the future. It was stated that several 
Chapters have already evidenced the desire for Management 
Meetings in their Chapter areas so as to better acquaint top 
management of organizations with the essential work of the 


; 


Association. 

8. Recommendations of the Executive Committee. Action was 
taken on recommendations of the Executive Committee as 
follows: 

(a) The recommendation of the 1946 Board of Awards 
was discussed, that consideration be given some form of rec- 
ognition for companies whose willingness to contribute freely 
to the literature of the industry has been outstanding. Motion 
was made by Director Wilson and seconded by Director Wallis 
and carried, that the recommendation of the Board of Awards 
be referred to the 1946-47 Board of Directors, with the sugges- 
tion that a Board Committee be appointed to study the matte! 
and report at a future meeting. 

(b) S. C. Massari, as Acting Technical Director of A.F.A., 
presented a program for (1) Technical Committee Organize 
tion, (2) a 1947 Technical Convention Program, and (3 
A.F.A.-Sponsored Research. He outlined all three of thes 
matters and their estimated effect toward obtaining greatc: 
Committee activity and more frequent reports, improved qua 
ity of Convention papers and early preprinting of same, and 
the improved method of originating, conducting and carryir 
through A.F.A. Research Programs of a fundamental natu: 

In connection with the Research Program it was agrt 
that the research facilities of A.F.A. should be extended to t! 
Patternmaking Division as well as to the Steel, Gray Iro 
Malleable Iron, Brass and Bronze, Aluminum and Magnesiu 
Divisions, and the Foundry Sand Research Project. 

On motion by Director Kuniansky, seconded by Direct: 
Horlebein, all three proposals were approved in blanket a’ 
recommended to 1946-47 Board for adoption. 
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Mr. Masarri also presented an outline for a definite 
: ication Policy, intended to increase the prestige of 
papers at A.F.A. Conventions, and to protect the 
both A.F.A. and the authors of technical papers 
.: otion by Director Smith, seconded by Director Ku- 
Publication Policy was approved and recommended 
Board for adoption. 
Bank Resolutions. In accordance with the requir 
A.F.A depository banks for resolutions pertaining to 
# ignatures for the deposit and withdrawal of funds, 
de by Director Wittlinger, seconded by Director 


J nd carried, authorizing the execution of such 


& wing discussion, the Board continued previous Asso- 
a tice by approving the suggestion that checks issued 
should bear two authorized signatures, and that this 
be incorporated in the necessary bank resolutions, 
pproval of 1946-47 Board 

Secretary called attention to the desirability of chane- 

nes of two Association bank accounts as follows: 
Changing the Harris Trust Company checking ac- 
tofore entitled “Exhibit Sinking Fund, American 
s Association”’ to “General Reserve Fund, Ameri- 

' 2 ; en’s Association.” 

Changing the Northern Trust Company checking ac- 
etofore entitled ‘““Technical Development Program, 
“Cupola Research 
an Foundrymen’s Association,’ in view of the 


Foundrymen’s Association” to 


ad to retain uninvested Technical Development Program 

after in a savings account rather than in a checking 

It was pointed out that the latter change would 

time a financial separation between all Technical 

nt Program and all Cupola Research funds so that 
d may be accounted for separately. 

otion by Director Wallis, seconded by Director Jud- 

; thorization was given for making the above changes 

ition bank accounts, subject to approval by 1946-47 


In Executive Session, the 1945-46 Board of Directors 
d, and recommended to the 1946-47 Board for appro- 
tion, resolutions made by the Executive Committee in 
June 28, 1946, on the following matters: 

Proposed compensation for Treasurer C. E. Hoyt as 
ssed in resolutions of the Board of Directors on 

19, 1945; 

Extension of retirement compensation for Secretary 

tus R. E. Kennedy in accordance with actions 
the Board of Directors on July 19, 1945; 

Compensation of N. F. Hindle beyond July 1, 1946 

er Possibilities. The Secretary discussed briefly pos- 
for organization of new Chapters in several areas in- 

Seattle and Central Michigan. It was stated that a 

Committee has already been formed for a Seattle 
and that the Committee expects to hold an organiza- 
ting early this fall. 
he Secretary reported conversations indicating interest 
ing a Central Michigan Chapter and stated that this 
was being pursued in conjunction with surrounding 
rs already in existence. Interest in forming a Western 
husetts Chapter, developed during the past year, was 
ported 
hapter Chairman Conference. Director Kuniansky, as 


Conterence, held 





Chairman of the 1946 Chapter Ch 
Chicago, July 24-25, reported a highly successful meeting and 
stated that a transcript of the Conference would be sent to all 
who attended that meeting as well as to all National Officers 
and Directors. It was stated that every Chapter had bx 

officially represented with the exception ot Mexico, the first 


tame there had been such complete attendance 


11. Foundry Sand Research A previous recommendatior ! 
the Executive Committee was read pertaining to continuation 
of the A.F.A. Sand Research Fellowship at Cornell Universit 
The Secretary reported that a con pl te review of the Fellow 
ship was being prepared and would bx pres nted to the Exe 
tive Committee at an early date for approval and extensio 
He stated that Technical Director Massari would periorn tl 
review but that Executive Committee authority would be 
quested for any interim funds necessary to carrying on t 
work 

2 ipprentice Contest Prize Award Acting on recommenda 
tions of the Executive Committee, on motion by Director Hor- 
lebein, seconded by Director Wilson, the Board approved 


inanimously that the Apprentice prizes for 1947 be increased 


from $30.00 to $100.00 for first prize, $20.00 to $50.00 for 
second prize, and $10.00 to $25.00 for third prize The Board 
recommended that these amounts be approved for the coming 
year through action by the 1946-47 Board 

3. Cooperation With Trade Associations. Vice-President Wood 
reported on a meeting held in Cleveland July 10 between 
national officers of A.F.A., Gray Iron Founders’ Society, Mal- 
leable Founders’ Society, Steel Founders’ Society, Non-Ferrous 
Founders’ Society and National Founders’ Association He 
reported that the meeting had not accomplished anything 
definitely save to indicate a unanimous feeling that such an 
overall Committee was desirable and might be effected 

He stated that the Presidents of the various Associations 
were scheduled to meet again in Cleveland August 14 for more 
detailed discussion of ways and means, and that this group 
would then report back for further and progressive action fol- 
lowing approval by their respective societies of any recom- 
mendations developed at the August mecting 

Following discussion, the 1945-46 Board recommended to 
the new Board that A.F.A. participation in an overall foundry 
group be explored further, with possible commitments subject 
to approval by the Executive Committee. It was the sense of 
the meeting that A.F.A. should cooperate in this project to the 
best of its ability, within its fundamental objects as a Technical 
Society 
14. Joint Educational Committee. President Walls presented 
a letter from F. G. Sefing as Chairman of the A.F.A. Commit- 
tee on Cooperation with Engineering Schools and Colleges, 
reporting a meeting held in Cleveland July 12 by a Joint 
Educational Committee for the ferrous foundry industry. The 
report stated the intention of raising some $60,000.00 each 
for scholarships at five universities and colleges, A.F.A. par- 
ticipation being requested. 

The request was referred to the Secretary and Technical 
Director for recommendations, such recommendations to be 
presented before the September meeting of the Executive 
Committee. 

15. There being no further business, the meeting was ad- 
journed, 
Respectfully submitted, 
Wan. W. Matoney, Secretary. 
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TEST BARS FOR 85-5-5-5 ALLOY 


Their Design 


And Some Factors Affecting Their Properties 


By G. H. Clamer'’ 
Ajax Metal Co., Philadelphia 





FOURTH A.F.A. FOUNDATION LECTURE — 1946 


INTRODUCTION 


[EST BARS are an important sub- 
in foundry operation because 
ireds of thousands of them are 
and tested each year in non- 

rrous foundries at a tremendous 

of effort, time, and money. 

Furthermore, both the foundry and 

the casting purchaser rely upon them 

a barometer of casting quality. 
[he one point concerning test bars 

which there is unanimity of 

pinion is that they constitute a 

considerable problem to both the 

foundrymen and to the casting pur- 
nase! 

There are three main aspects of 
this problem. First, the application 
of the best known procedures in 
order that the test bars may at least 
partially warrant the importance at- 
tached to them. Second, granting 
that the best practices are, or will 
be, utilized, the limitation of the 
test bars as a barometer of casting 
quality should be established. Third, 
i continued effort should be made to 
develop and _ standardize test-bar 
practices further, in order to make 
them a more reliable barometer of 
asting quality. 

A corollary of the above statement 
of the problem would involve the 
elimination of the poor test-bar prac- 
tices currently used by some found- 
ries which unnecessarily cast a shad- 
w over many of their foundry oper- 
itions., 

This paper deals with all three 
phases of the problem, as well as 
some effects of melting practice. In- 
vestigations to date have resulted in 
1 better understanding of. test bars, 
the establishment of the effect of 
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some melting practices on test-bar 
properties, and the attainment of a 
clearer conception of proper test-bar 
practices. However, the millennium 
whereby a single test-bar value be- 
comes a reliable barometer of casting 
quality has definitely not been, and 
may never be, reached. It will be 
developed later that, in any case, the 
test-bar can be a barometer of cast- 
ing quality only insofar as the prop- 
erties or serviceability of the castings 
are dependent upon melt quality. 

If the test-bar design, gating prac- 
tice, and pouring temperature, are 
rigidly standardized, the correlation 
which exists between melt quality 
and test-bar properties depends al- 
most entirely upon the effects of the 
melt quality on the occurrence of a 
certain type of unsoundness in the 
test-bar castings. This unsoundness 
has been variously referred to in the 


literature as shrinkage, porosity, 
shrinkage porosity, gas porosity, 
incipient shrinkage, sponginess, 


unsoundness, microshrinkage, and 
microporosity. 

Accordingly, no paper of this type 
would be complete without some de- 
scription of this defect and its causes. 
Fortunately for the general under- 
standing of this defect, it is not con- 
fined to 85-5-5-5 alloy. On the con- 
trary, it is common in all known 
casting alloys of the solid-solution 
type, namely, alloys which solidify 
and form substantially a single-phase 
alloy. Several aluminum-base alloys 
and practically all commercial mag- 
nesium-base casting alloys come un- 
der this description, and al] are sub- 
ject to various degrees of this defect. 

Among light-alloy-foundry metal- 
lurgists, this unsoundness is known 
as microporosity or microshrinkage, 
but the former term is preferred be- 
cause it conveys no erroneous idea 
in respect to the causes of the defect. 


This defect. which in this 
hereafter will be called microporos- 


ity, has been described in many re- 


paper 
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cent papers in the United States‘ 
8.® and in England’®. 

The defect known as microporos- 
ity results from a fairly complex 
mechanism involving both shrinkage 
and the evolution of gas from the 
solidifying melts. It is confined large- 
ly to the solid-solution type of alloy 
of which 85-5-5-5 is one, because 
these alloys solidify over a consider- 
able range, forming substantially a 
single phase with the production of 
little or no eutectic liquid, aside from 
the lead 

As a result, the solidifying casting 
forms a wide mushy zone where the 
section is partially solid and through 
which it becomes increasingly diffi- 
cult for liquid to feed and compen- 
sate for the shrinkage. As a further 
result, small, more or less angular, 
surrounding — the 


connecting voids 


formed, and since no 


satisfactorily 


grains are 
liquid can 
through this mushy zone, these voids 
remain as the defect known as micro- 


proceed 


porosity. 

Obviously, if there are even small 
traces of gas evolved during solidifi- 
cation, this gas will fill these micro- 
voids, making them still more diffi- 
cult to feed. In the absence of gas, 
these voids would be a near vacuum 
and would tend to draw metal into 
them as a result of the external at- 
mospheric pressure, tending to pro- 
duce very sound castings. 

If gas is evolved during solidifica- 
tion, the gas-filled voids are very 
difficult to feed, and as a result, the 
greater the gas content of the melt, 
the more accentuated the micropo- 
rosity becomes, and the lower the 
test-bar properties. It is this fact that 
makes it possible to have some corre- 
lation between the melt quality on 
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the one hand and the test-bar prop- 
erties on the other. 


II—Mettr Quatity anp Its 
MEASUREMENT 

The concept of melt quality is an 
important one to this paper because 
the contents herein deal almost en- 
tirely with factors affecting melt 
quality, and methods of measuring 
it. The word “quality” implies the 
possession of certain desired distinc- 
tive properties. As with other melts 
of casting alloys, the distinctive prop- 
erty which a melt of 85-5-5-5 alloy 
should have is the production of 
maximum serviceability in the cast- 
ings. 

The problem is complicated by the 
fact that the same melt quality may 
not be optimum for castings of vari- 
ous designs and purposes. Thus, the 
desired distinctive properties of a 
melt for a casting in which maxi- 
mum leak tightness is desired may 
be somewhat different than those for 
castings designed for other service. 

To be more explicit, the term 
“melt quality” refers to the quality 
of the melt in the pot and may be 
used synonymously with “melt com- 
position”; covering gases, suspended 
dross, etc., thus being a different 
matter from composition as deter- 
mined by ordinary chemical or even 
spectrographic analyses. The highest 
melt quality then becomes the “com- 
position” which will produce, all 
other factors the same, castings of 
maximum serviceability. 

Casting serviceability is difficult to 
evaluate, because it varies so com- 
pletely with each design and with 
each type of service. But the cast- 
ing characteristics most universally 
sought are high mechanical proper- 
ties. The connection is obvious, and 
for practical reasons, when carrying 
out the experimental work described 
here, the mechanical properties of 
test bars have been used as a measure 
of melt quality. 

However, the mechanical proper- 
ties of castings, including test bars, 
depend on many factors in addition 
to the melt quality. Furthermore, the 
mechanical properties of the test 
bars are not necessarily indicative of 
the mechanical properties of any 
other castings poured from the same 
melt, and since this is now generally 
accepted as a fact, the problem is 
somewhat clarified. 

In addition to to melt quality, the 
mechanical properties of the test 


bars, as well as of other castings, are 
affected by such factors as the type 
of gating, the degree of feeding 
provided, the sand used, the pour- 
ing temperature, and many other 
foundry variables that are not so 
readily controlled. It is axiomatic 
that all these factors should be 
standardized and controlled insofar 
as it is possible to do so when cast- 
ing test bars. The melt quality then 
becomes the major factor determin- 
ing test-bar properties. This is an 
important matter if the test bars are 
to have maximum significance as a 
means of quality contro! in the 
foundry. 

However, it must be admitted in 
the beginning that, because some of 
the enumerated factors are difficult 
to control completely, the mechani- 
cal properties of the test bars are 
not an unqualified measure of melt 
quality, but some test-bar designs 
may be better than others. Accord- 
ingly, the relative merits of various 
designs of test bars will, therefore, 
be given some attention. 

It has been mentioned that melt 
quality is synonymous with melt 
“composition.” One of the most 
readily made checks on, melt com- 
position is the ordinary chemical 
analysis; the concentration of the 
principal alloying elements and many 
of the common impurities can be 
readily determined, and no further 
consideration of this phase of the 
evaluation of melt quality need be 
given. 

However, any satisfactory method 
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of measuring melt quality sh 
primarily be reflective of the ; 
ence of minor, but potent, < 
stituents which cannot now be re 
ily evaluated by ordinary chem 
analysis. While undissolved for: 
particles in the melt, such as 

pended dross, may occasionally b 
factor, the most important mi: 
constituents are those which ar 
solution in the melt, and of these, 
the ones most difficult to control are 
the dissolved gases or compounds 
containing them. 

Although chemical analysis lends 
itself very readily to the determina- 
tion of various other impurities in 
the melt, it is not, at the present 
stage of development, suitable for 
the quantitative determination of 
dissolved gases in the melt. It has 
become necessary, then, for the 
foundryman, the purchaser of the 
castings, or other agencies, to try to 
devise other means of measuring 
melt quality. Fundamentally, this re- 
solves itself into a means of measur- 
ing the amount of dissolved gas or 
gas formers by measuring their effect 
upon the mechanical properties of a 
suitable test casting. 
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Main Factors Determining 
Melt Quality 
If it is now agreed that melt qual- 
ity and melt “composition” are 
synonymous, there are but three fac- 
tors which determine melt quality. 
!, The composition of all the raw 
materials placed in the charge, 
including flux additions, if any. 





Table 1 


Amounrt oF Gas or Gas ForMER REQuiIRED TO PRECIPITATE BY TyPE | Gas 

Evo.uTIon or React in Type 2 Gas Evo.uTion To Propuce | Per Cent 

Vos at 1900° F. 1n a So.tipiryvinc Copper-BASE ALLoy Havinc A DENsITY 
oF 84 at 1900° F.° 


Gas Evolution, Gas or 
Type Gas Former 


| H; 

] co 

1 Co; 

1 SO, 

1 N: 

2 H:—Reaction (A) 
2 S—Reaction (B) 
2 

2 
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C—Reaction (C) 
CO—Reaction (D) 


———Gas or Gas Former Required-———— 


c.c. per Per Cent 
100 grams * by Weight 
0.0242 0.0000022 
0.0242 0.0000302 
0.0242 0.0000475 
0.0242 0.0000692 
0.0242 0.0000302 
0.0242 0.0000022 
—— 0.0000346 
--—~ 0.0000130 
0.0242 0.0000302 


» Measured at 32°F. and existing atmospheric pressure. 
bAlso, 0.0121 c.c. of Oz or 0.0000173 per cent oxygen by weight is required for Reactions (A), (‘ 
and (D); 0.0242 c.c. or 0.0000346 per cent of O: is required for Reaction (B) to form a precipitat 


gas causing | per cent voids. 


elt is assumed that the gas in the voids is at atmospheric pressure. Actually the pressure might 
slightly more, in which case proportionately more gas would be required to produce | per cent vo 


than the quantities listed. 






































































LAMER 


contamination of the 
ce during melting and 
superheating it to the 
iring temperature. Con- 
ination while transferring 
pouring the melt into the 
ld cavity, including possible 
ntamination of the melt in 


i 


e mold cavity itself, may 
be factors affecting melt 
ality after the melt leaves 


pot, but these should be 
inimized by the adoption of 
ind, standardized test - bar 
ractices in the shop. 
[he treatment to which the 
nelt in the pot is subjected. 
[his treatment is normally 
lesigned to remove partially 
r completely the harmful im- 
urities, particularly the dis- 
olved gases. 
Gas Evolution 
Since nongaseous impurities lend 
themselves to detection by ordinary 
hemical analysis, many of them by 
trographic methods, the primary 
oncern then is with the content of 
or gas-forming constituents in 
the melt. 
from dissolved gas may result from 
These 


In general, unsoundness 


two types of gas evolution. 


[ype |. Gas evolved during solid- 
ification as a result of 
decreased solubility. 

[ype 2. Gas evolved as the re- 


sult of a chemical reac- 

tion in the melt. 
rhe gases most likely to be evolved 
by the Type 1 gas evolution are 
hydrogen, carbon monoxide, carbon 
dioxide, sulphur dioxide, and nitro- 
gen. It is probable that only the 
first of these, namely hydrogen, is 
an important source of unsoundness. 
[he most likely reactions forming 
ype 2 gas evolution are as follows: 
\. 2H + O (or an oxide) =2H,O 


B. S (ora sulphide) 20 (or an 
oxidez2SO, 

C. C+ O (or an oxide) ==CO 
1). CO + O (or an oxide) =CO, 
\ll of these reacting constituents 
be dissolved in the melt where 
are in equilibrium until the 
solidifies. When solidification 
any one or more of these re- 
ns may proceed to the right, 
ng the gaseous compound. Any 
r more of these reactions are 
for the following reasons: 


B solidification begins, the re- 


acting constituents are, or may be. 
in equilibrium concentrations, and 
hence the reactions proceed neither 
to the right nor to the left 
However, when solidification be- 
gins, the gases or gas formers are 
concentrated in the remaining liquid, 
the equilibrium is destroyed, and the 
reactants greater-than- 
equilibrium concentrations cause the 


being in 
reaction to proceed to the right, 
evolving a gaseous compound dur- 
ing at least the latter part of the 
solidification. Of these 
tions, “A” is the most likely source 
of unsoundness, while “C” 


four reac- 
and /or 
“D” are possibilities. The amounts 
of these gases or gas formers to pro- 
duce | per cent of voids in a solidify- 
ing casting are listed in Table | 


Very unsound castings generally 
contain no more than 4 per cent 
voids. It is immediately evident that 


the quantities of impurities involved 
are very small, and it 
plains one reason for the great diffi- 
culty which would be encountered 
if ordinary chemical analysis were 
employed to detect and measure the 
content of these gases and gas form- 
ers. 


readily ex- 


Sources of Gas Contamination 

As previously noted, the concern 
is, primarily, with the dissolved gases 
or gas melt; the 
sources of these gases or gas formers 
are (1) the raw materials, and (2) 
contamination, during melting, heat- 
ing, holding, transferring, and pour- 
ing, including the interval the melt 
is molten in the mold cavity. 


During Melting. 

Contamination of the melt with 
gases or gas formers in the melting 
room is inevitable, and the degree 
of contamination will depend large- 
ly upon the melting practice and 
conditions which surround the melt- 
ing operation. This contamination 
during melting may be from the fur- 
nace atmosphere, fluxes, crucible or 
furnace linings, from the adsorbed 
and chemically combined gases on 
the surface of the metal charge, and 
from various tools and implements 
inserted into the melt. 


formers in the 


Contamination 


The possible contamination dur- 
ing the transfer and pour is, pri- 
marily, from the atmosphere and 
from the lining of the pouring ladle. 
The contamination, if any, of the 
metal while it is molten in the mold 
cavity will, of course, depend upon 










the mold material, moisture content. 
mold permeability, and many othe 
similar factors. 

the melt 
will also depend upon the success 


The amount of gas in 


of the efforts made to eliminate it 
through so-called refining or purify- 
ing operations. When melting cop 
per-base alloys, good furnace-room 
that a 


melting procedure be used that will 


practice generally dictates 
reduce gas absorption while melting 


and holding. 


In a sense then, refining or purify- 
ing goes along simultaneously with 
the melting and holding operation 
In any event, it will be apparent 
from the experimental data submit- 
ted that very wide variations in melt 
quality can be obtained from the 
same lot of metal, depending upon 
the melting technique and melting 


conditions applied 


Raw Materials 


raw materials are not serious sources 


Fortunately, the 


of gas because the dissolved gas in 
the melt before the ingot is cast will 
be precipitated during the solidifica- 
tion of the ingot. Only the very 
minor amounts, which were soluble 
in the solid state, would remain in 
solution in the ingot. Since the solid 
solubility of 
alloys is relatively low, the quantity 
of the gas remaining in solution in 
the metal is small, even though the 
gas content of the melt before the 
ingot was cast may have been fairly 
high. 

There is, of course, the possibility 
that some of the precipitated gas 
may be trapped in the ingots as the 
metal solidifies. Such trapped gases 
in cavities in the ingots are of little 


gases in copper-base 


significance in comparison to the 
adsorbed gases on the surface of the 
metal. These adsorbed gases on the 
surface of the raw materials are in- 
evitable because their source is the 
atmosphere, and the amount of these 
adsorbed or surface gases will largely 
depend upon the atmospheric expo- 
sure to which the metal has been 
subjected after the ingots were cast. 

The greater proportion of these 
surface gases is removed during the 
heating operation prior to melting. 
It is well known that these surface 
gases are important sources of gas 
when melting aluminum and mag- 
However, the role 
surface gases play when 
copper-base alloys is relatively un- 
known. 


nesium alloys’. 
melting 
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Universal test bar with an tm- 
proved gate riser increased in height for a 
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I1i—Tesr Bars EMPLOYED TO 
MeasuRE THE MELT QuaAL- 

ITY 
It may be concluded that melt 
quality is synonymous with melt 
composition, and that the constitu- 
ents in the melt not readily evalu- 
ated by chemical analysis are the 
gases and gas formers. A means of 
measuring this more subtle aspect of 
melt quality is required; accordingly, 
the suitability of various test bars 
for this purpose has been explored. 
The mechanical properties of test 
bars, like other castings, are depend- 
ent upon (1) melt quality, and (2) 








the foundry practice used to make 
the casting; namely, the manner of 
pouring, gating, risering, chilling, the 
molding technique, and sand used. 
It is obvious that if the test-bar 
properties are to reflect melt quality, 
foundry defects such as those arising 
from turbulence during the pour, 
dirty metal and dross formed dur- 
ing the pouring operations, and 
shrinkage from poor feeding, must 
be avoided so that the test-bar prop- 
erties will be dependent upon, and 
reflective of, those defects which are 
dependent upon melt quality. 

Thus, the test bar should be so 





designed as to be sensitive to melt 
defects; that is, the tensile properties 
should reflect defects arising fron 
poor melt quality such as (1) gas 
content, (2) inherent tendency to 
produce coarse grain where this 
an important factor, and (3) dr 
films in the melt. In addition, t! 
test bars specified should be easy 
mold and cheap to make. It is 
sirable also that they be cast i 
separate mold, or, if cast in the sar 
mold with another casting, th 
should be attached to the gate s 
tem, but not to the casting, as *! 
latter practice is now generally 
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2--L.T.B.-1 type test bar was modified without changing the 
mensions of the gate to form two cavities per mold. The riser 
vere reduced to 3 in. to permit the use of a 3-in. cop 














rded as being hazardous. 
Test-Bar Design 

Eleven different test-bar designs 
have been investigated, and these 
are illustrated by Figs. 1 to 9, inclu- 
sive. Some of these designs have 
been utilized throughout, while oth- 
ers were discontinued after prelim- 
inary investigations. 

Figure 1 represents the so-called 
Universal test bar which, excepting 

gate, was suggested by W. A. 

Baker’. It was found that the ver- 


ed produced very unsound test bars, 
ind it was soon abandoned in favor 
the gate illustrated by Fig. 1. 
Figure 2 illustrates the L.T.B.-1 
test bar*®. This is a single-cavity mold 
iter changed to a two-cavity mold 
without, in any way, altering the 
nensions of the casting or gates, 
but the original diameter of the 
prue was retained on the double 
avity mold. The double cavity 
id is referred to as the L.T.B.-2. 
Figure 3 illustrates a Webbert- 
test bar’ attached to either 
of a l-in. plate with a riser at 
This test bar has been 
ed the Horizontal 5-in. web- 
bert. 
gure 4 represents a standard 
block casting with two coupons. 
yure 5 represents a two-bar 


enter. 


casting which, like the L.T.B. shown 
by Fig. 2, has the advantage that 
bars can be cast to size. Experience 
demonstrated, however, that the 
properties of this casting paralleled 
those obtained in the L.T.B.-1, Fig 
2, though slightly better properties 
were obtained. Since the properties 
of these two designs paralleled one 
another, the two-bar casting shown 
by Fig. 5 was abandoned. It may be 
said, however, that any merit which 


the L.T.B. may 


have can also be 


ascribed to this two-bar casting 
Figure 6 represents the standard 
bar of Fig. 10 of the Federal Speci- 


fication QQ-M-15a 


ferred to in this paper as the Navy 


Chis bar is re- 
»/16-in. web-Webbert, because the 
connecting web between the rise1 
and bar, formed in a dry sand core, 
thick, and it 
along the full length of the casting 
A modification of this bar, called the 
Navy web-Webbert 


used. This modification, however, is 


is 5/16-in extends 


¥g-1n was also 


not strictly a Federal specification 
bar since the connecting web is ¥@ 
in. thick instead of 5/16 in 

Figure 7 shows a test bar cor- 
responding to Fig. 10a of the Fed- 
eral Specification QQ-M-15a. This 
bar is referred to as the Navy 54-in 
web-Crown, because it is the Crown- 
type bar with a 5¢-in. web, formed 
in a dry sand core, connecting the 
riser with only the grip ends of the 
test bar. 
British 


standard D.T.D. bar recommended 


Figure 8 illustrates the 


for some nonferrous metals in 
Britain. 

Figure 9 illustrates another typ 
of bar? which contains four test bars 
per mold cavity, two of the Webbert 
type and two of the Crown type 
They are referred to in this paper 
as the Modified 54-in. web-Webbert 
and the Modified Crown bar. Both 
bar types have a 54-in. web, but in 
the Crown type, the web connects 
the riser with the grip end of the 
test bars only 

Only two of these bars were em- 
ployed throughout the entire inves- 
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Fig. 4—Keel block-test bar with two coupons. This bar may be 
gated at the bottom or at the top of the coupon, and is normally 
used for alloys subject to shrinkage defects. 








tigation which has involved melting 
over 30,000 lb. of metal in 250 to 
350-lb. heats having the following 
typical composition : 


Element Per Cent 
Copper 84.8 

Tin 4.56 
Lead . 4.56 
Zinc 5.16 
Nickel 0.57 
Antimony 0.14 
Iron .. 0.15 

The initial investigations were car- 


ried out with five different designs; 
the L.T.B.-1, two-bar, Horizontal 
5g-in. web-Webbert, Universal, and 
the keel-block casting. The initial 
keel-block castings were made with 
the gate entering the bottom of the 
coupon. Later this was altered and 
the gate was introduced at a point 
just above the coupon. None of the 
tensile properties obtained in this 


casting were very satisfactory, and 
it was concluded that this design 
was unsuited for 85-5-5-5 alloy. 
Although a considerable amount 
of additional data was obtained, 
those listed in Table 2 are repre- 
sentative, except that the properties 
of the Universal bar are unusually 
high and the melt quality is better 
than that usually obtained by the 
melting technique described in the 
footnote. As previously noted, the 
properties of the two-bar casting, 
Fig. 5, were quite similar to the 
L.T.B., Fig. 2. Consequently, the 
two-bar casting, though slightly su- 
perior to the L.T.B., was abandoned. 
Likewise, the keel block, Fig. 4, was 
also abandoned because of the obvi- 
ous unsuitability of this design for 
85-5-5-5 alloy. Because the keel 
block represented a heavy casting, 
this design was used for certain in- 


vestigations, to be described later. 
the effects of mold permeability 

Effect of Blind Risers on the 7 
sile Properties Obtained in 
L.T.B. Test Bar. The initial pr 
erties obtained on the L.T.B. 
bar were somewhat lower than | 
pected, and as indicated in Table 2 
the risers were blind. As a con 
quence, the blind risers were com- 
pared with open risers with the fo! 
lowing results listed in Table 3. 

The adverse effect of the blind 
riser was rather surprising, but ap- 
parently the open riser provides bet- 
ter feeding than the blind riser 
Subsequently, all the later data or 
this test bar were obtained with open 
risers 3 in. high above the parting 
line. 

Modification of the Design of th 
Horizontal ¥g-In. Web-Webbert Test 
Bar and the Effect of Pouring Tech- 
nique. It is a characteristic of Web- 
bert-type test bars to produce sev- 
eral per cent of shoulder fractures 
In an effort to reduce this tendency 
and to improve the average prop- 
erties obtained, the Horizontal 5¢-in 
web-Webbert, as shown by Fig. 3, 
was modified. The single center 
riser was replaced by two, each ex- 
tending lengtiiwise across the end 
between the grip sections of the two 
bars. The gates were then cut so 
that one gate entered each of these 
risers for the purpose of producing 
hot metal in them. The average 
tensile properties obtained by this 
method were identical to those ob- 
tained by the standard bar as shown 
by Fig. 3. Furthermore, the pro- 
portion of shoulder fractures was 
approximately the same. 

A second modification was tried 
whereby the two risers across the 
plate were used as described, but 
the connecting web between the 
riser and test bar extended along 
the grips only, making a Crown- 
type bar. This modification pro- 
duced low and erratic properties 
No other modifications were tried, 
and the original design, shown by 
Fig. 3, was used throughout the re- 
mainder of the investigation. 

Some tests were conducted 
the effects of pouring technique 
the average and consistency of tlic 
tensile properties of this desi; 
While no data are included he 
the results definitely indicated ¢! 
the mold should not be tilted, « 
ladle lip should be held low, a: 
the sprue kept full during the po. 
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lower or more erratic 
are obtained. 

D.T.D. Test Bar. The D.T.D. 

shown by Fig. 8, is com- 

sed for light alloys in Eng- 

Preliminary investigations 

.de of this design with the 

isted in Table 4. 

obvious that the D.T.D. test 

roduces properties markedly 

r to the other two designs. 

an exhaustive test was not 

this bar, it was concluded 

view of the low tensile prop- 

factors other than melt qual- 

ist considerably influence the 

rties obtained with 85-5-5-5 

Accordingly, no additional in- 

ration was made of this design. 

It uld be observed, however, that 

bove listed properties on the 

D.T.D. bar are superior to those re- 
orted by English investigators’?. 


[V—CorRELATION OF MICRO- AND 
MAGCROSTRUCTURE WITH THE 
FRACTURE AND TEST-Bar Prop- 
ERTIES 

lest-bar designs are of two gen- 
types, the first is the Webbert 
type on which the connecting web 
extends the full length of the casting 
between the bar and the riser. The 
second type of test bar is cast to 
shape, and the riser is connected 
with the test bar only along the grip 
ends as in the Crown-type bars, or 
the ends of the test bars as in 
the L.T.B. and two-bar castings. 

These two types of bars have dis- 

tinguishing characteristics in respect 

their structure and fracture. In 
general, the fracture of 85-5-5-5 
alloy has a fine grayish appearance 
with or without areas which appear 

be open and have a brassy or 
coppery color. 

Fracture Appearance of Webbert- 

Type Bars 

In general, the open or coppery 
area in Webbert-type bars extends 
from the place of attachment of the 
web to beyond the center of the test 
bar. Figure 10 shows a photograph 

X13 of the structure of a cross 
section of a Webbert-type bar hav- 
ing a rather open fracture and low 
properties indicative of a melt of low 
lity. That portion of the frac- 

lying within the line drawn on 
photograph was characterized by 
pen, coppery fracture. It will 
noted that this area is also un- 
d. 
of the larger dark areas on this 
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The-‘two-bar design. 








photograph are voids which, in con- 
formity with usage of the term for 
other metals having similar defects, 
are called microporosity, as described 
before in this paper. On the other 
hand, this coppery area in the cen- 
ter of the fracture outlined on the 
photograph merges into the fine gray 


fracture nearer the exterior of the 
bar corresponding to the sound por- 
tion. This structure is a character- 
istic of all Webbert-type bars. The 
area corresponding to the unsound 
portion, which in turn corresponds 
to the open coppery fracture, in- 
creases with any factor that increases 
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the gas content of the melt or re- 
duces the feeding of the test bar. 

As the connecting web thickness 
is increased, at least within limits, 
the area of the unsound portion will 
increase also, all other factors being 
the same. The fine grayish portion 
of the fracture occurs through the 
lead particles, producing the char- 
acteristic color of lead. The open 
coppery areas of the fracture are 
through the microporosity, revealing 
the coppery surfaces of the cavities. 
The appearance of the fracture thus 
shows the relative amount of micro- 
porosity at the fracture. 

Fracture Appearance of Cast -to- 
Shape Bars 

The second type of bars, charac- 
terized by the Crown-type and the 
L.T.B. bars which are cast to shape, 
invariably show a radial columnar 
structure if they are poured in 
85-5-5-5 alloy from a high temper- 
ature. These bars are not character- 
ized by the presence of unsoundness 
in the form of microporosity because 
of the strongly directional solidifica- 
tion. As a consequence, the frac- 
ture is invariably of a fine grayish 
appearance since it occurs through 
the lead particles. 

However, the lead particles lying 
between the axes of the alpha den- 
drites are related to the radial struc- 
ture, making this radial structure 
apparent on the fracture. If local- 


ized coppery areas are visible on 
such test bars, they invariably occur 
in the center, and are caused by 
localized shrinkage of the centerline 
type. This is especially common at 
low pouring temperatures. 
Microstructure 

Photographs at X13 of unetched 
sections of both types of test bars 
are shown by Figs. 11 and 12. Fig- 
ure 11 shows the unetched struc- 
ture of an L.T.B. test bar which 
had a fine gray columnar structure. 
Since this is a longitudinal section, 
the radial arrangement of the lead 
particles is not apparent. The struc- 
ture shown by this photograph is 
typical as there is a high order of 
soundness, and the lead particles are 
very fine. 

Figure 12 is a typical structure of 
a Webbert-type bar on a longitudinal 
section through the plane of the 
web. The larger dark patches on 
this photograph are microporosity 
which is quite evident on two-thirds 
of the section adjacent to the web. 
The very fine small dark particles 
are lead which are very much coarser 
than those shown by Fig. 11. Despite 
the greater unsoundness of this test 
bar, the tensile properties are sub- 
stantially similar to those obtained 
in the sounder bar shown by Fig. 11. 
As indicated in the following para- 
graphs, this is probably because of 
the more favorable lead size and 


shape in the bar shown by Fig. 12 

While the correlation of structure 
and fracture is fairly straightforward 
and apparently well understood, the 
correlation of structure and fracture 
with the tensile properties of the bar 
is somewhat more difficult. Although 
the test-bar properties cannot be ac- 
curately predicted from the appear- 
ance of the structure and the frac- 
ture, the two main factors determin- 
ing test-bar properties, at least of 
Webbert-type bars apparently are as 


follows: 


1. The amount of microporosity 
as judged by the size and de- 
gree of openness of the cop- 
pery area on the fracture. 

2. The size, shape, and distribu- 
tion of the lead particles. 


In general, as the gas content of 
the melt increases, or as the degree 
of feeding provided decreases, al! 
other factors the same, the more 
open the coppery area on the frac- 
ture of Webbert-type bars, the 
greater the amount of microporosity 
formed, and the lower the tensile 
properties obtained. This is well 
illustrated by comparison of Figs. !|2 
and 13. The bar represented by 
Fig. 13 was poured from a ver 
gassy melt; namely, one of low qual- 
ity; the fracture was an open c 
pery one, the amount of micro 
rosity in the section was great, and 
































British D.T.D..type test bar 
standardized for light alloys. 





the properties low. This is a typical 
example showing the effect of a melt 
of low quality on the incidence of 
microporosity in a Webbert-type bar 
and its resultant effects on the frac- 
ture appearance, and on the prop- 
erties of the bar. 

In general, very fine lead particles 
or coarser angular lead particles 
have an adverse effect on tensile 
properties. Conversely, coarser, 
rather rounded lead particles are 
the most desirable and most con- 
ducive to the production of good 
tensile properties. Figures 14a, 15a, 
6a, and 17a show microradiographs 
nlarged thirteen times. All of the 

ings represented by these four 
hotographs were poured from the 

e melt from approximately the 

‘ temperature into the same de- 
of test bar, but into various 
s of molds. 
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Fig. 9 


Modified 5-in. web-Webbert and Crown-type test bars. 



























Table 2 


PRELIMINARY DATA ON THE COMPARATIVE PROPERTIES OF 
Five DirFERENT Test-Bar Desicns* 


Average 
Test-Bar Design Pourin 
Temp., °F 

Horizontal %-in. web-Webbert 2110 
Universal 2100 
['wo-Bar” 2090 
Pe tO 2120 
Keel Block 2080 


Tensile Yield 
Strength, Strength, Elongation, 
pst pst. per cent 
37,800 16,700 37.4 
34,775 15,600 34.4 
37,075 17,100 30.2 
35,675 17,175 29.5 
29,650 15,150 21.2 


*An all ingot metal charge of 85-5-5-5 alloy was melted in the high-frequency, clay-graphite lined, 
induction furnace, using a glass slag, 0.25 per cent zinc added, melt skimmed and exposed to oxidation 


for about 5 min., then transferred to a ladle, 


then poured into natural green-sand molds containing 


permeability of approximately 20. 


> Made with blind risers 


2 oz. of eg pm ye added per 100 lb. of melt, 
a 


out 6 per cent moisture with an A.F.A. 





As noted in the figure captions, 
there is a considerable difference in 
tensile obtained which 
can, in general, be explained by the 


properties 


size, shape, and distribution of the 
lead particles as described above and 
as illustrated by Figs. 14b, 15b, 16b, 
and 17b. Further illustrations of the 
effects of pouring temperature on 
the soundness and structure of test 
bars are considered under the head- 
ing “Effect of Pouring Temperature 
on the Microstructure and Sound- 
ness.” 

The grain size or shape does not 
appear to be a very important fac- 
tor, except insofar as it affects the 
size, shape, and distribution of the 
It has been noted 
upon many occasions that, as the 


lead particles. 


pouring temperature is decreased, 
the grain size decreases. When 
equiaxed fine grains are produced, 
the lead particles become quite 
angular, producing lower elongation 
values. 
V—Errect oF Moip MATERIAL 

To determine the effects of mois- 
ture content and A.F.A. permeabil- 
ity of natural and synthetic sands 
upon the tensile properties produced, 
the Horizontal 54-in. web-Webbert 
test bar and the keel-block castings 
were selected as being representative 
of a fairly light and a fairly heavy 
casting, respectively. The A.F.A. per- 
meability of natural-green sand was 
varied from approximately 15 to 142 
by mixing various proportions of a 
No. | Albany sand with an open 
Tennessee natural sand. Approxi- 
mately six molds were prepared hav- 
ing an A.F.A. permeability varying 
from 15 to 142. 

One series of molds was prepared 
with increasing permeability, and a 


second series with decreasing per- 
meability in order to offset the effect 
of the slightly decreasing pouring 
temperature as the molds were suc- 
cessively poured. When investigat- 
ing the effect of moisture content, 
the permeability was held approxi- 
mately constant excepting for the 
slight decrease with increasing mois- 
ture, and the moisture content of 
the sand was increased or decreased 
stepwise as described above. 

Fifteen melts were prepared in a 
high - frequency induction furnace 
using a technique to produce high- 
quality metal, and to make reason- 
ably certain this was accomplished, 
a %-in. web-Webbert test bar was 
poured from a temperature of 2150° 
F. or above. Table 5 shows the heats 
prepared, the range in permeability, 
the moisture content employed, and 
the average results obtained at the 
two extremes of the variant listed in 
the third and fourth columns. 

It is evident from Table 5 that 
the tensile properties obtained in the 
Horizontal 54-in. web-Webbert bar 
decrease slightly with increasing 
moisture in the natural sand. On 
the average, the tensile properties of 
this bar are practically independent 
of the A.F.A. permeability of either 
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the natural or synthetic sands 
the other hand, the tensile prope: 

of the keel-block casting incr 
slightly with increasing A.F.A. 
meability of the natural sand. 

While the data on the effect 
A.F.A. permeability of the synth 
sand or of the moisture in nati 
sand are inadequate, appare: 
these factors do not greatly affect 
the tensile properties of this casting 
In general, it may be concluded that 
only large increases in moisture con- 
tent or A.F.A. permeability produc 
changes in the tensile properties, and 
even then, in these particular cast- 
ings the effects are smal!. This does 
not mean, however, that commercial 
castings will show the same insensi- 
tivity because of the very consider- 
able casting differences which may 
exist. 

Thus, high moisture content is not 
recommended because it might pos- 
sibly produce difficulties with blows 
and other foundry defects. The sig- 
nificance of these data lies in the 
conclusion that the 85-5-5-5 alloy 
apparently does not absorb gas to a 
noticeable extent during the pour or 
in the mold cavity. Otherwise, it 
would be expected that there would 
be considerable effects of the varia- 
tions in moisture content or A.F.A. 
permeability within the range inves- 
tigated. 

It will be noted that the tensile 
properties obtained in the Horizontal 
¥g-in. web-Webbert casting were 
markedly lower when poured in the 
synthetic sand than when the same 
metal was poured into the natural 
green-sand mold. On the other 
hand, the tensile properties of the 
keel block were the same in the syn- 
thetic sand mold as in the natural 
sand mold. Apparently then, the 
effect of mold material will depend 
upon the design of the castings. 

Data in Table 6 show the effect 
of mold material upon, the tensile 





Table 3 


RELATIVE MERITS OF OPEN AND BLIND RISERS ON THE L.T.B.-1 Test Bar* 


= -Tensile Strength, psi. 


Per Cent Elongation in 2 In 


Riser Type Minimum Average” Maximum Minimum Average” Maximun 
Open Riser 34,5090 37,450 39,000 22.2 34,1 46.2 
‘Blind Riser 32,500 34,975 36,500 18.7 24.4 30.1 


made of 50 per cent remelt and 50 per cent new ingot of 85-5-5-5 alloy was melted 


to a ladle where | 
the pour. The metal was then poured 


about 20 at 6 per cent moisture. Two heats were pre 


*A char 
a dion end. high-frequency induction furnace without the use of any cover. The melt was transfer: 
r cent zinc and 4 oz. of phosphor-copper per 1 d 
into natural green-sand molds hexing an A.F.A. permeability 
a 


lb. of metal were added dur 


d, and molds having alternately open ; 


blind risers were poured from a temperature range of 2250 to 2100° F. 
> Average of seven bars poured from two different melts. 



















LAMER 


X/3. Unetched. Polished 

n at fracture of a Hori- 
-in. web-Webbert test bar 
5-5 alloy poured at 2250° F. 
r quality metal. Tensile 
vas 34,400 psi., and elonga- 
29.3 per cent. The frac- 
fine gray at the extertor 
urge open coppery area in 
r enclosed by the line and 
This 
at mical cross section of a Web- 
r poured from a poor quality 

The large quantity of micro- 

id » corresponding to the open 
it y area is responsible for the 
es ely low tensile properties. The 
al ‘ the voids and the total area 
unsound portion decreases 


to the Y-in. web. 


r- lecreasing gas contents of the 
y Examination of the fracture 
the extent of this unsound- 
t § and for a given test-bar design 
s- the Webbert type, good correla- 
between fracture and test-bar 
properties can be noted. 


y properties obtained in the %-in. 
a web-Webbert test bar. The natural 
. Tennessee sand had a permeability 
, of 38 at approximately 6 per cent 


moisture. The synthetic sand was 

prepared from a washed silica sand 

which had an A.F.A. permeability 

‘ of 108 when it was bonded with 2 

per cent western bentonite, 6.50 per 

cent Revivo (fire clay type binder), 

S and 3.6 per cent moisture. As indi- 

» cated by the data in Table 6, vari- 

ous bonding materials and baking 
temperatures were employed. 

[t is obvious from the data in 
lable 6, that the synthetic sand 
baked at 1700° F., produced the 
highest tensile properties, while nat- 
ural sand produced slightly lower 
properties. The synthetic green-sand 
molds and those baked at 450° F., 

gardless of the bonding material, 


. 


all produced very low tensile prop- 
erties in comparison with those ob- 
tained in either natural green sand 
or in the synthetic sand baked at 
1700° F. These results were repeat- 
edly checked, but the cauSe of the 
effects was not definitely established. 

Considerable variation in micro- 
structure occurs in the castings 
poured into the various molds. Fig- 
ures I4a, 15a, 16a, and 17a are 
microradiographs of sections of test 
bars made in the molds prepared 
respectively from synthetic sand 
baked at 1700° F., natural sand, 
synthetic sand baked at 450° F., and 
synthetic sand not baked. As indi- 





Table 4 


COMPARISON OF THE HorIzONTAL 5%-IN. WEB-WEBBERT, MopiFriep 5-IN. 
WEB-WEBBERT, AND THE Britisu D.T.D. Test Bars* 





Test-Bar Design Minimum Average” 
Horizontal %-in. w-W 37,800 38,090 
Modified 4-in.-w-W 36,100 37,760 
D.TD. 34,400 34,900 


Tensile Strength, psi. 





-—Per Cent Elongation in 2 In.— 


Maximum Minimum Average® Maximum 
38,600 40.8 47.3 51.4 
39,550 31.0 37.6 43.2 
35,500 23.6 27.2 29.3 


\ 300-Ib. charge consisting of 50 per cent gates and risers, and 50 per cent new ingots of 85-5-5-5 
alloy was melted in a high-frequency induction furnace, lined with silica. No cover was used. the melt 


was transferred to a pouring ladle where 0.25 per cent zinc and f 
of melt were added during the transfer, The melt was then poured into natural gi 
ty of approximately 20 at 6 per cent moisture. The pouring temperature 





g an A.F.A. permeabi 
e was 2070 to 2170° F. 









2 oz. of phosphor-copper per 100 Ib. 
green-sand molds 


Average of four bars, two bars of each design, poured from two different melts. 







































cated by these photographs and ac- 


companying captions, the differences 
in lead-particle size and shape 
account for the differences in prop- 
erties obtained. The causes of these 
differences in structure, however, 
have not been established, but it has 
been tentatively concluded that the 
differences are caused in part by 
variations in cooling rate. 

It will be noted that the greatest 
degree of soundness was obtained in 
the bar prepared in synthetic sand 
baked at 1700° F., and represented 
by Fig. 14a. This, however, is not 
typical for this meld material. The 
investigations of other 
similar sets of castings indicate that 
there is, in general, no real differ- 
ence in the relative soundness of the 
test bars produced in the different 
mold materials. It should be em- 
phasized, however, that the effect of 
mold material, as illustrated by the 
data in Table 6, applies to the Hori- 
zontal 54-in. web-Webbert test bar 
only, and may not hold for castings 
of other designs. 


results of 


VI—EvauuatTion oF MELT Qua.ity 

It has been indicated previously 
that melt quality is synonymous with 
melt composition, with special refer- 
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fF; 12 (right)—X13. Unetched. 
Polished section of a Horizontal 
vg-in. web-Webbert test bar of 85- 
-9-5 alloy poured at 2240° F. from 
a melt of high quality. Density in 
shoulder: 8.59. The fracture was 
fine gray at the exterior with a small 
area of open coppery appearance ex- 
tending to the point of attachment 
with the web. Tensile properties 
were 33,800 psi., and 42.1 per cent 
elongation. This longitudinal section 
is taken through the plane of the 
web. While there is a considerable 
amount of microporosity, it is fairly 
fine and not characterized by marked 
angulanty. Lead particles shown 
faintly on the photograph are of 
large size. Structures of this ty pe 
venerally are associated with good 
tensile properties. Compare with 
Fig. 13, which illustrates the effect 
of higher eas content of the melt. 












Fig. 11 (left) —X13. Unetched. | 
ished longitudinal section near 
ture of an L.T.B.-1 test bar of 
5-5-5 alloy poured at 2250° F. fr 
a melt of high quality. Density 
the shoulder: 8.84. This bar | 
columnar radial grains extend 
from the exterior to the interior, and 
the fracture was a fine gray wit! 
this columnar radial structure 
parent. Tensile properties are 36,600 
psi., and 45.9 per cent elongatior 
Since this is a longitudinal section 
the radial structure is not evident 
on this photograph. The high de- 
gree of soundness and very fine lead 
particles are typical of test bars of 
this design. The large dark areas 
are tears produced when the test ba 
was fractured. 





































V/3. Unetched. Longitu- 
tion adjacent to the frac- 
a Horizontal 5 
test bar of 85- 
at 2250° F. from a melt of 
ality. Density 
This test bar had a very 
pprery fracture, and produced 
wal properties of 31,000 pst. 
trength and 17.7 per cent 
on. This melt was of poor 
namely, it had a high gas 
‘ and the accentuation of the 
nce of microporosity is en- 
evident. Compare with Fig. 
hich is entirely similar except 
he specimen shown by Fig. 12 
ured from a melt having high 
quality. 


a web- 


8 
3 


in the shoul- 


to the content of gases and gas- 
ing constituents. It 
noted that it was the function or de- 
sired purpose of the test bars to re- 
flect this melt quality. The 
urement of melt quality became of 


was also 


meas- 


vital importance in this investigation 
lor two reasons: 

The effect of various melting 
techniques was investigated, and it 
became measure the 
relative melt quality produced. 

2. Since one of the purposes of 
this investigation was the evaluation 
of the ability of each test bar to 
reflect melt quality, it was essential 
that a means of measuring melt 
quality be adopted. 

These melt-quality ratings could 
be compared with the individual 
test-bar properties in order to show 
how reliably these properties of a 
given design reflected the melt qual- 
ity. 

Forty-nine heats, prepared in three 
groups, were made. The first group 
consisted of 12 heats prepared to 
check the relative merits of various 
melting techniques. This first group 
of 12 heats, data on which are listed 
in Table 7, was prepared and poured 
into the following molds: 


necessary to 


|. Horizontal 5¢-in. web-Web- 


bert 

2. L.T.B.-1 

3. Modified 5@-in. web-Web- 
bert 


t. Modified Crown 


». Universal 


(he second group of five heats 
was prepared and poured into the 
first four designs listed above. 

‘he third group, consisting of 32 


i? 
-5-5 alloy 






































heats, data on which are listed in 
Table 8, was also prepared to deter- 
mine the relative merits of the vari- 
ous melting techniques employed. 
These melts were poured into the 
following test bars: 


1. Horizontal 54-in. web-Web- 


bert 

2. L.T.B.-2 

3. Modified 5¢-in. web-Web- 
bert 


4. Navy 5@-in. web-Webbert 
16-in. web-Webbert 


6. Navy %-in. Crown 


5. Navy 5 

All forty-nine melts were prepared 
from 300 to 350-lb. charges, and one 
set of each design was poured in 
the pouring-temperature range of 
2250 to 2200° F., 2150 to 2100° F., 
and 2050 to 2000° F. In the first 
group of castings, six different melt- 
ing conditions were employed and 
these heats were run in duplicate. 
Of the five heats in the second 
group, only two were duplicates. 
The third group of melts represented 
ten different melting conditions, in- 
cluding the melting conditions in- 
vestigated in the first group of melts, 
were prepared in triplicate. In these 








melts, over 16,000 pounds of metal 
prepared 
carefully controlled conditions. 


was and poured under 


later, the 
melt quality rating of an individual 


For reasons indicated 
heat, or of two or more heats repre- 
senting one melting condition, was 
quantitatively evaluated by calculat- 
ing the weighted average test-bar 
properties of all designs poured from 
a single heat or for a single melting 
condition. 

These weighted averages were pre- 
pared by applying a weight of two 
to the tensile properties obtained at 
the highest pouring temperature, a 
weight of one to those properties 
obtained at the intermediate 
ing temperature, while those prop- 
erties obtained at the lowest pour- 


pour- 


ing temperature were not considered 
when calculating the melt quality. 
It is obvious that the melt quality 
ratings of each melting condition 
are based on the average tensile 
properties of 40 bars of five different 
designs poured from duplicate heats 
of Group 1, 16, and 32 bars of four 
different designs in heats of Group 2, 
and 72 bars of six different designs 
in the heats of 


triplicate Group 
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Fig. 14a (left)—-Microradiograph of a cross section 
0.005 in. thick cut from a Horizontal Y-in. web-Web- 
bert test bar adjacent to the fracture. Density at the 
shoulder is 8.91. The test bar is 85-5-5-5 alloy poured 
at 2155° F., from a melt of high quality, into a synthetic 
sand mold baked at 1700° F. for about 4 hr. Tensile 
strength is 38,200 pst., and elongation is 50.8 per cent. 
The fracture was fine gray with a small area of a 
slightly open or coppery area adjacent to the web. The 
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small light areas are porosity. The high degree 
soundness and the rather coarse, widely separated lead 
particles are conducive to the good tensile propertic 


obtained. Fig. 14b (right)—X100. Unetched. Photo- 


micrograph of the same specimen used in Fig. 14a, ir 

the plane of the connecting web midway between the 

periphery and the center of the bar. The coarse, rounded 

lead particles are favorable to the attainment of go 
tensile properties. 





Fig. 15a (left)—X13. Similar to Fig. 14a in all re- 
spects and poured from the same melt at 2175° F., but 
into a natural creen sand mold. Density at the shoulder 
was 8.82. As indicated by the small white areas, there 
is a greater amount of microporosity of a fine, rounded 
type, and the lead particles are more closely spaced 
and are, therefore, smaller. However, very good tensile 
strength of 37,200 psi., and 48.2 per cent elongation 


were obtained. But these values are slightly inferior 
to those possessed by the specimens shown by Fig. 14a 
Fig. 15b (right)—X100. Unetched. Photomicrograpl 


of the same specimen used in Fig. 15a, in the plane of 


the web and midway between the periphery and th 
center of the bar. The lead particles are slightly finer 


and more angular than those shown by Fig. 14b, ac- 


counting for the slightly lower tensile properties. 




















.™ 





left X13. This microradiograph is identical 

se shown by Fig. 14a and 15a in all respects, 
pt the melt was poured at 2145° F. into a synthetu 
haked for 4 hr. at 450° F. The density in the 
ler was 8.79. Again the light areas are porous, 
the small dark areas are the lead particles. Some 
lead is coarse and very angular, a shape which 
to produce low elongation values, which in this 
e was 33.7 per cent with a tensile strength of 














37 100 psi Fig 16b (night X100. Unetched. Photo- 
micrograph of the same specimen used in Fig. 16a, in 
the plane of the web midway between the periphery 
and the center of the bar. The coarse, angular lead 
particles and to some extent the greater amount of 
microporosity, account for the markedly lower tensile 
properties obtained from the same melt as the preced- 
ing two specimens, but which were poured in different 
mold materials 





Za (left) —-X13. This microradiograph is identical 
I4a, 15a, and I6a, except the melt was poured 


5° F. into a green, synthetic sand, which was not 
The density in the shoulder was 8.83. There 1s 
angular porosity, the lead particles are closely) 
d, and many of them are of angular shape. These 


tural conditions tend to produce low elongation 





values, which for this specimen was 24.7 per cent with 
a tensile strength of 35,200 psi. Fig. 17b (right )—X100 
Unetched. Photomicrograph of the same specimen used 
in Fig. 17a, in the plane of the web midway between 
the periphery and the center of the specimen. As com- 
pared with Fig. 16b, this bar is sounder, but the lead 
particles are finer and at least as angular, with the 


result that the tensile properties are lower. 
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Table 5 


Errect or Moisture ConTENT AND A.F.A. PERMEABILITY OF NATURAL AND SYNTHETIC SANDS ON THE TEs1 
PROPERTIES OBTAINED IN THE HorIZONTAL 5@-IN. WEB-WEBBERT AND THE KEEL-BLock CastiNnGs* 


To Evaluate Sand, Moisture, 
Effect of: Type per cent 

Moisture Natural 5.5 to 9.5 
Moisture Natural 5.8 to 10 
A.F.A. Perm. Natural 6.0 
A.F.A. Perm. Natural 7.0 
Moisture Natural 5.8 to 10 
A.F.A. Perm. Natural 6.5 
A.F.A. Perm. Natural 7.0 
A.F.A. Perm. Synthetic 3.4 
A.F.A. Perm. Synthetic 3.4 
A.F.A. Perm. Synthetic 3.4 


*Melts were made in a silica-lined, high-frequency induction furnace, 
described below, 5 
cent ingot and 50 per cent gates and risers. The surface of the melts were 
skimmed three times, as described in the text. Tapping temperatures were 
higher than the pouring temperatures. Melts were tap 
preheated, clay-lined ladle, and % per cent zinc and 2 oz. of 

100 lb. of charge were added to the stream during 
Pouring temperatures ranged from 2185 to 1900° F. 


using the C; method of charging, 


100° F. 


phosphor-copper per 
the transfer to the ladle 


A.F.A. 


Perm. 


18 to 13 
17 to 13 
17 to 117 
11.8 to 54 


17 tol3 


12.6 to 80 


15.2 to 138 


14.7 to 142 


12.6 to 138 


14.7 to 134 


employing 


5 per cent 


Test-Bar 
Design 


Horizontal 4-in. w-W 


Variant 


Horizontal 44-in. w-W 


19-26 Perm. 
86-117 Perm. 


Horizontal 44-in. w-W 


Horizontal 544-in. w-W 
46-54 Perm. 


Keel block 5.8% Moisture 


8.0-10.2% Moisture 


Standard (3) 


Keel block 12.6 Perm. 
80 Perm. 
Standard (3) 

Keel block 15.2 Perm. 


63-138 Perm. 
Standard (3) 


Horizontal 44-in.w-W” 14.7-22.7 Perm. 


85-142 Perm. 
Standard (3) 
12.6 Perm. 
96-138 Perm. 
Standard (3) 
14.7 Perm. 
134 Perm. 
Standard (3) 


Horizontal 54-in. w-W” 


Keel block 


11.8-15.2 Perm. 


-6.0% Moisture 
-9.5% Moisture 
6.8% Moisture 


No. of Bars Tensile Elong 

Averaged Strength, psi. per 
8 37,800 45. 

12 38,100 40 
12 38,100 44.7 
8 38,175 37.2 
8 38,400 40.1 
8 38,400 358 
8 37,800 37.3 
16 38,400 37.2 
2 34,200 28.2 
3 36,250 30.6 
2 37,800 52.7 
4 28,000 16.0 
4 30,300 197 
2 36,800 40.3 
6 29,100 15.6 
6 31,000 20.2 
4 38,000 42.2 
8 35,500 27.4 
12 36,150 29.4 
2 37,200 40.1 
8 36,700 32.2 
16 36,500 28.8 
4 37.900 43.1 
8 29,200 20.0 
6 28,300 18.6 
4 36,600 40.5 


> While the A.F.A. permeability had no apparent effect upon the test 


U0 per 


than were obtuwned by 
d into a 


(3) Horizontal %-in. web- 


ee ge oy of approximately 20 at 
xand, the tensile properties obtained in the keel-block castings were approx 
mately the same with both type 


bar properties obtained in the synthetic sand, the latter mold material pro- 
duced markedly lower tensile properties in the Horizontal 4-in. web-Webbert 
the natural 


an A.F.A 


n the other 


reen-sand molds havin 


per cent moisture. 


s of sand. : 
i ebbert test bars cast in a natural sand mold 
of 6 per cent moisture and 20 A.F.A. permeability. 





3 shown in previous paragraphs 

As indicated by Fig. 18, the 
weighted average elongation, bears 
a direct relationship to the weighted 
average tensile strength obtained. As 
indicated by this chart, the tensile 
strength decreases almost linearly 
with the decrease in elongation as 
the melt quality decreases. Thus, if 
the melts are arranged in the order 
of decreasing weighted average 
elongation values, the order of the 
weighted average tensile strength 
values also decreases in essentially 
the same manner. This method of 
rating melt quality has the advan- 
tage that it is simple and readily 
applicable. Furthermore, the results 
obtained by it have been quite re- 
producible. 
The Effect of Various Melting Tech- 
niques Upon the Melt Quality Pro- 
duced 

The relative various 


merits of 


furnace types, furnace linings, and 
charging methods have been evalu- 
ated. In order to simplify the pres- 
entation of the data, the melting 
conditions are represented by a code 


which 


F, 


is interpreted as follows: 
indicates a_ high-frequency 
induction furnace, having a 
capacity of about 350 Ib. of 
rnetal. 

indicates a gas-fired pot- 
type tilt furnace, having a 
clay-graphite crucible hold- 
ing about 400 Ib. of metal. 
The oxygen content of the 
furnace atmosphere was 
maintained at approximate- 
ly 0.5 per cent. 

indicates a gas-fired barrel- 
type firebrick-lined furnace 
with a burner in each end 
and having a total capacity 
of about 800 Ib., but in 
which 350 to 400-Ib. charges 
were melted. This furnace 
was mounted on the trun- 
nions of a Detroit rocking- 
furnace, and when the 
charge was melted down, 
the furnace was rocked 
through an arc of 50 degrees 
with two cycles per minute. 
The oxygen content of the 
furnace atmosphere was 


iS) 


maintained at approximate- 
ly 0.5 per cent. 

indicates a silica lining. 
indicates a clay-graphite lin- 
ing or crucible. 

indicates a firebrick lining 
indicates the method 
charging whereby about five 
ingots of the 350-lb. charge 
are placed in the bottom of 
the crucible where they ar 
melted without further addi- 
tion. As soon as these fiv 
ingots are partially melted 
the power is reduced to pr 
vent undue agitation, if th: 
melting is being done in 
high-frequency inductio: 
furnace, and one ingot o! 
piece of scrap is melted 

a time until the crucible 
filled, and the entire char: 
completely melted. 


ol 


indicates a method of charg 
ing whereby the crucible 

filled with metal, the sma 
scrap being charged fir 
with the larger ingots an 























Lining 


L; 
L; 


furnace oper? 


TENSILI 
Pouring 
Range Ter 
Charge °F Mir 
( 2250-2220 30.000 
C: ” 34.700 
Average 
C, 53.600 
C; 33.100 
Average 
C; 34.400 
C; 29.900 
Average * 
C 2150-2120 35,000 
C; ‘ 34.200 
Average 
Cy 34 000 
C; 35.400 
Average 
Cy 33.800 
12 32 600 
Average ae 
C, 2050-2020 38,200 
22 sa 38.400 
Average ” 
C, 35.100 
Cz a 37.800 
Average a 
C, 38.700 
C; 35,100 


Average 


ated to produce 


approximately 0.5 per cent Oz: in the furnace 


PROPERTIES OF Five 
H In. W 

e Stre gti ¢ 

i g Vax 
$2,700 34.700 
35.875 37.300 
34,288 
54.235 34.600 
34.075 34.900 
54,154 
54.933 55.300 
31.525 33.600 
33,229 
56,550 7,200 
35.550 56,700 
36.050 
56.075 37,100 
56,375 37,000 
36,225 
35.425 36,700 
34,675 36,300 
35.050 
38,625 39,300 
38.975 39.700 
38,800 


37,500 
38.750 
38,125 


39.450 
35,650 
37,550 


38,700 
40,100 


40,500 
56,600 


atm 


D: SIGNS OF 


b-Webber 
Elongation, f 
ul dog 
17.5 25.7 
2 46.4 
31.0 
i 1.8 
25.6 °6.9 
g } 
52.0 5 
4 6 98.1 
31.7 
29.4 57 
29.1 44 5 
55.9 
25.2 .8 
0.0 ‘B89 
37.4 
22.3 ‘39 
24.3 53.6 
43.8 
96.5 39.1 
55.7 a9 5 
49 > 
23.2 2.6 
37.0 41.0 
36.8 
56.7 39.3 
27.4 33.4 
46.4 


osphere 


Test 


54.6 


4.5 


41.0 


41.9 


de 
=~ 
Ps 


Bars PourReEp ! 


§ 
\f 
7 sO 6.1 
8.4 8.6 
8. 
8.5 9 
BOUL bay 
8.55 
37.01 ) +5 
55.70 ) 
16.65 
8.10 ) 
9.8 } | Uv 
650 
45 000 yO 
32.300 5.15 
is) 2 ‘) 
36.500 P| 
2? 300 5 950 
1H. 50 
54.600 16.700 
34.400 56.600 
56.650 
$1.900 52 I 
36.000 37.850 
55.025 
31,200 54.050 
35.800 6,550 
55.300 


»M 
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Table 7 
LLOY Me.Tep IN A HicH-Freguvency INpuCTION or Gas-FiRED FURNACE WITH A SiLica oR CLay-Grapuite Lininc Usinc THE C, METHOD or THE C, METHOD oF CHARGING As INDICATED 


on Type VUodified Webbert ype anadian Universal 


Tensile Stre ngth t Elon tron i f ’ pst . cent j 
Max Min dig Max Min , Vir Vax i Ave 2 Vir Vax in a Mir 
38.0 33,800 35.925 37,800 2 1.8 55.600 36,700 55.3 7 32.800 3 53. } 34.9 30.000 35.195 38.800 
44.5 3 17 


5.100 36.100 37,000 9 ; 4 55.800 ‘ 36,500 F 51.700 32 950 ; } } 31, 5.8 $8.800 
36.012 32 8 56,238 52.638 


34.000 J 56,000 31.3 39 § 35. 56, ) 36,500 } 5 32 200 53.125 53,800 
35.200 } / 56,100 53.3 } 35.200 35.800 36,200 58.3 9 31.700 32.175 32.900 
55.938 5? 650 
35,200 5,42! 55.800 , ; 36.0 36.300 ; 3 1, 32 400 33. 9° 34.9 1.400 38.100 


30,300 32 000 } 5 3.7 35. 000 30.650 } 29 900 3? 565 55. 800 


37.000 37,325 37.600 } 35.200 36, 36.700 } +4 34.600 54.975 56,000 
36,200 ] 38.000 : 3 36.000 m. |. 36.600 } , 3 3 7 34.000 34.525 35.400 


36,600 575 38,400 ; . 35.900 36. 36.900 3 33. 34.075 34.600 31.9 } d } 33. 3] 59 000 
37,000 6! 38.200 } } 3 34.800 36.050 37.400 39 § } 4 34.82 36,900 } 32. 16.01 58.200 
36,200 


36,400 ' 37,900 335 38.4 35.000 36,25 37,300 30.7 5 41.4 31, 335 32 93 39 3 31. 5.965 38.200 


’ 


30,200 34 36,600 2 2 34.500 35. 36,500 3 39.5 43.4 3 32 335 é } 37 31. 54 35 58.200 


37,800 39.500 . 53 36,800 ~ 59,300 335 42.6 34.600 35. 36,900 7 3 } 34.600 
38,000 § 38.800 2 36,500 5° 38.800 } RF d 34,400 5 34.600 2 50.2 400 


5,900 36,075 36.300 ‘ , 96.2 38.200 38.25 38,300 37.5 } } 31,200 32 57 33.400 , 25 31, 5,32 38.700 


3 
36,500 37,100 37,800 . ; 36,500 37,800 5 } 30.600 33.525 35 600 30.7 4 30, 5 40,100 
36,588 3 ; 2 VE 


36,900 : 7 39.400 25. 2 36,600 38,800 é 35 30.200 32 833 35.600 9 30, 40,500 
36,900 $7,942 38,300 27. 33 36,200 37 37,900 2 28,100 32 298 34,300 9.5 ; 4? 28, 5 38,300 














Table 8 


MELTED 1N A HicH-Freguency InpucTION FuRNACE WITH A Siuica or Cray-Grapuire Lininc, a Gas-Firep Tittine | 


TENSILE PrRopeRTIES OF Srtx Desicns or Test Bars Pourep FROM 85-5-5-5 ALLOY 
Lininc, Usinc THE C, METHOD or THE C, METHOD OF CHARGING As INDICATED 


— Horizontal %-In. Web-Webbert ——— L.T.B.-2 ———— ——_ - Modified %-In. Web-Webbert — Navy S%4-ln. Web-Webbert 
Pouring Tensile Strength, psi Elongation, per cent Tensile Strength, pst. Elongation, per cent Tensile Strength, psi. Elongation, per cent Tensile Strength, psi Elongation, per cent 
Charge Range, ° F. Min Avg Max Min Avg. Max. Min Avg Max Min. Avg. Max Min Avg. Max. Min. Avg. Max Min Avg Max Min Avg Max Mir 


C, 2250-2220 35,900 36,867 37,800 35.7 40.1 43.5 36,700 37,78 38,200 30.8 39.0 43.5 36,300 36,575 37,000 408 42.9* 45.0 31,800 34,420° 35,800 254 30.6° 35.2 35,400 
CG 7 35.400 36,180° 36,800 36.7 40.5° 44.1 36,300 37,30 | 


0° 38,400 31.3 38.1° 44.4 36,000 36,883 37,200 39.2 429 46.3 33,100 34,217 35,100 29 29.8 32.8 34,900 
36,555 40.5 6: 38.6 36,760 42.9 34,309 30.2 


Average : 
83 39,200  34.: 38.6 3.3 36,000 36,940° 38,300 33.6 39.3° 45.4 34,100 34,560° 35,200 28.2 29.5 
283 37,500 22.: 28.6 : 36,100 36,933 37,800 37.0 41.7 444 33.600 34,800° 35,500 286 30.7* 
3 33.6 36,936 40.6 34,667 30.0 


C, ” 34,900 36,400 37,300 33.6 37.9° 42.4 36,000 
C, ° 30,800 34,266° 37,300 20.5 29.7° 38.4 32,800 
Average s 35,600 34.8 36,43 
C; a 29,900 33,340° 35,600 18.8 30.2° 40.0 31,500 34,933 37,600 z 30.8 35,000 36,383 37,000 35.0 41.0 45.7 30,600 33,450 35,600 21.2 29.3 


C, ‘i 34.400 35,1333 35,700 33.5 35.63 37.0 32,000 35,350 37,400 31.4 36,200 36,720° 37,000 40.0 41.0° 30,200 32.417 33,800 20.4 26.0 29,400 
32.2 35,142 31.1 36,536 41.0 32,934 27.7 


, 
, 
, 
, 
’ 


2,100 


Average # 34,012 
) : 00 


C,* és 16,300 21,833 26,060 2.0 8.9 15.0 23,800 27,150 31,200 15.8 28,200 31,633 33,100 160 23.8 22,300 25,783 30,100 15.2 


C,** . 32,500 35,183 37,100 31.9 38.6 33,700 36,325* 38,000 zs siz 36,200 36,917 37,900 36.0 41.5 33,400 35,080° 36,800 | 31.8" 33.700 


C:(T) H 34,900 36,250 37,200 38.7 42.7 36,000 37,033 38,300 30:5 36.8 36,300 36,908 37,600 40.1 44.3 : 33.000 34,350 37,300 29.3 5.200 


C:(T) % 36,000 36,600 37,300 40.7 44.6 28,500 34,767 38,300 a 30.1 35,600 36,633 37,700 34.1 40.7 32.200 34.133 36.600 29.6 } $1,100 
Average 36,425 39.7 35,900 33.4 36,766 42.5 34,242 29.5 

Cc. 2150-212 36,700 37,050° 37,400 41.0 44.0 34,900 37,433 38,600 35.4 43. 34.800 36,633 38,500 38.0 32,500 34,933 35,800 29.8 4.1 56,400 

C; ” 36,600 37,467 38,000 37. 43.7 Si8 32,500 36,420 38,700 33.9 +5. 36,200 36,875* 37,300 35.§ 41.5* 32,300 35.160° 36,900 41.4 36.500 
Average , 37,277 36,972 34.7 36,730 39.4 35,036 30.! 
36,400 37,517 38,300 32.¢ 49.6 33,400 37,300° 39,300 21.6 32.5° 35,300 36,760° 37,300 96 37.6° 2.4 35.400 36,367 37,700 : 31.7 900 
36,700 37,333° 38,100 37.1 47.2 34,300 38,183 39,700 22. 40.7 36,500 36,933° 37,300 37. 39.1° 2 34.600 36,817 38,900 28. 33.5 36,300 

37,456 37,782 38.6 36,825 38.2 36,592 


33,300 36,420° 37,7 26.8 44.6 36,600 37,583 38,500 31.4 36.0 35,400 36,780° 37,400 42.9° 33,300 34,500 35,400 24.8 28.: 400 
" 34,800 36,920° 37,7 30.! 46.3 33,300 36,9805 39,300 18.7 35.05 35,900 36,567 37,200 38.7 31,900 34,160° 35,600 2 29.6" : 700 
Average , 36,670 37,309 35.5 36,664 40.6 34.345 


c.* a 24,200 29,483 25.9 20,000 30,233 34,100 0 190 26. 29,200 33,267 36,000 2 26.4 26,400 30,117 32,200 130 205 : 300 


C,** ; 36,900 37,480° 37,900 44.6 33,200 37,000 39,600 36.4 b. 37,100 37,540° 38,200 44.8° 35,400 36,280° 37,400 : 3° 700 
C:(T) 36,800 37,383 38,000 ; 43.5 37,500 38,533 39,300 32. 40.0 35,700 36,800 37,800 40.8 33,700 35,867 38,600 37,400 37,78 
C:(T) 2 32,000 36,367 38,000 50.2 37,600 38,483 39,800 35.3 41.4 5. 36,100 37,020° 37,600 30.3 39.1° 31,800 34,950- 36,800 21:! 700 38,22 
_ 36,875 38,508 40.7 36,900 40.0 35,408 5801 


C; 2050-2020 38,100 38,760° 39,200 36.6 40.4 35,700 37,300 38,000 26. 32.1 38,100 38,725* 39,600 38.5* 1.0 37,100 37,850 38,500 39.100 39,2 
C: 38,000 38,750* 39,500 35.5 44.4 36,800 38,220° 39,400 36.4° 38,400 38,950? 39,500 38.77 41.5 36,900 38,000° 39,000 , 39,100 39,4 
37,718 34.1 38,800 38.6 37,918 39,33 
C, < 37,800 39,033 39,900 32.8 40.0 34,200 37,233 39,700 22. 29.5 36,100  38,233° 39,400 34.4° 37,800 38,750 39,600 31.8 39,500 39,81 
C; + 37,100 38,333 39,900 32.0 38.4 35,200 37,133 38,600 26. 29.9 34. 36,800 38,160° 39,000 33.1° 34,200 37,767 40,100 24.4 32. 38.500 39,68 
Average = 38,683 37,183 . 38,187 33.6 38,259 39,74 
C; 2050-2020 38,200 38,983 40,000 33.! 43.7 29,200 34,500° 37,900 a 36,900 37,700° 38,800 33.2 34.9° 38. 36,300 37,733 39,600 27. ‘ 37,800 39,41 
C; ¥s 34,900 37,450* 39,300 26.0 40.6 37,600 36,960° 37,200 .7° 37,100 38,133 39,500 33.4 36.2 4 37,700 38,533 39,200 32.5 34.: 39.5 38,600 39,11 
[ 38,370 35,618 ‘ 37,936 35.6 38,133 39,25 
37,100 27.9 31,300 33,400 37,100 5. 27,600 30,91 
38,500 2! 34.900 38,85 


Average 


Average . 38,756 


C,* ; 30,200 32,067 33,400 23.9 28,500 30,367 33,200 ). 35,400 36,183 
C,** & 37,800 39,517 41,000 39. 44.6 36,800 38,217 39,900 32. 36,800 38,817 41,300 96 37.3 41.1 35,800 37,350 


39,900 43.2 35,300 36,925* 38,400 36,900 38,433* 40,000 35.1° 37.4 28,100 38,850° 39,700 33.1 : 38,200 
37,600° 38,700 30.7° 37.1 37,300 38,383 39,300 30 38,200 39,16 
38,570 9,13 


C,(T) = 38,100 39,183 39, 1/ 
C:(T) : 37,100 38,580° 40,400 44.6 34,700 36,800 38,200 ; 36,800 
Average 38,909 36,850 J 37,912 32.4 
(T) 5 per cent turnings in the charge. 
* Glass charged with the metal to maintain a glass-slag cover at all times 
** Glass added just prior to melt-down to form a glass slag and prevent excessive oxidation of the melt 
Note: Gas furnaces were operated to produce approximately 0.5 per cent O, in the furnace atmosphere. 
* Average of 3 bars 
* Average of 4 bars 
5 Average of 5 bars 
Note: No exponent indicates the average of 6 bars. 




















, Gas-FirReD 


1S INDICATED 





LILTING 


54.900 


38.200 


38.200 


FurNACE Havinc a Criay-GrapHire CrucisLe or A Gas-Firep Rotatinc FURNACE WITH A FIREBRICK 


Navy fq-ln. Web-Webbert— 


e Strength, psi 


960 


17,640 


16.460° 
57.540" 


37,050 


ib 4¢ 5 
», 367 


56.111 


58,220° 
8,000 
59,2338 
19.400 
39.357 
59 800 
39 680° 
19,740 
19,400 
39,117 


\g 959 
0,917 


38.850" 


$9, 100* 
160° 


9 133 


Max 


37,200 
37,200 


37,800 
36,800 


37,600 
35,400 
26,300 
37,900 


$7,800 
37,400 


38,700 
38,500 


38,600 
38.900 


37.900 
36,500 


31,100 
39,000 
38,200 
38,800 


39,400 
39,900 


40,100 
41,000 


40,000 
39,800 


35,000 
41,000 


39,800 


40,200 


Elongation, per cent 


Min. 


35.0 
52.6 


= NO 


20.3 
15.6 

6.0 
26.0 


29.0 
33.6 


Avg. 

38.2 
39.0 
38.6 


36.3° 


29.8 
32.8 


9 


h PhO PhO 


“Iu 
mnrm ow 


Max 


41.2 
46.7 


42.0 
37.0 


39.8 
35.7 
13.2 
41.2 
44.4 


42.7 


45.6 
40.4 


43.2 
47.6 


43.7 
31.3 


19.8 


Oo 
| i | 
HD ro 


39.9 
35.7 
23.6 
36.4 


35.4 
42.0 


Min 


35,400 
36,700 


32.000 
30,300 


31,600 
32 000 
23,800 
30,800 


35,000 
36,900 


37,400 
37,600 


36,200 
35,400 


36,300 
34.900 


26,300 


31,000 


33,400 
37,300 


35,400 
37,400 


39,000 
36,700 


33,300 
36,500 


28,900 
37,800 


38,100 


37,900 


Navy %-In. Web-Crown 
Tensile Strength, 


Avg 
36,883 
37,317 
37,100 


35,133 
34,500 
34,817 


33,067 
34,100 
35,584 


27,400 
34,050* 


37,233 
37,350 
37,292 


38,483 
38,340° 
38,418 


37,300° 
36,400° 
36,850 


37,600 
36,050 
36,825 


30,317 
34,880" 
37,250 
38,583 
37,917 


38,417 
38,560° 
38,482 
39,150" 
38,017 
38,470 
36,300° 
37,775° 
36,956 


31,800 
38,733 


38,550 
38,4609 
38,509 


pst. 


Max 


37,600 
38,000 


37,800 
36,800 


34,400 
35,300 


29,400 
37,600 


38,000 
38,000 


39,200 
39,100 


37,900 
38,000 


38,500 
37,900 


33,100 
36,500 
39,400 
39,600 


39,200 
39,400 


39,500 
39,400 


39,000 
39,300 
34,800 
39,700 


39,400 
39,100 


Elongation, p 


Min. 
28.3 
35.1 


19.5 
23.5 
15.3 
28.2 


29.5 
Wt 


Avg. 


36.0 
37.1 
36.6 
28.! 


5 
26.7 
27.5 


>. 
7 


26.2 


er cent 


Max 


39.8 
39.6 


32.0 
32.6 
20.5 
40.2 


41.1 
39.1 


38.8 
34.0 


22.4 
32.0 


45.5 
46.0 


36.8 
34.4 


ww 
OS DO 


24.0 
33.6 


36.1 
34.3 


Tensile Str 


Min. 


31,800 
33,100 


$2,000 
30,300 


29,900 
28,900 


16,300 
30,800 


33.000 
28,800 


32,500 
32,300 


33,400 
34,300 


33,300 
31,900 
20,000 
31,000 


33,400 
31,800 


35,400 
36,800 


34,200 
34,200 


29,200 
34,900 


27,600 
34,900 


35,300 
34,700 


——Average — 
ength, psi. 

Avg. Max. 
36,567 38,200 
36,259 38,400 
36,439 
36,209 39,200 
35,200 37,800 
35,712 
34,448 37,600 
34,166 37,400 
34,314 
26,119 33,100 
35,633 38,000 
36,401 38,300 
35,872 38,300 
36,136 
36,998 39,200 
37,017 39,100 
37,007 
36,950 39,300 
37,250 39,700 
37,090 
36,556 38,500 
36,070 39,300 
36,313 
29,925 36,000 
36,707 39,600 
37,254 39,400 
37,259 39,800 
37,205 
38,260 39,600 
38,608. 39,900 
38,421 
38,680 40,100 
38,138 41,000 
38,392 
37,462 40,000 
38,077 39,800 
37,755 
32,220 37,100 
38,565 41,300 
38,563 40,000 
38,128 40,400 
38,327 


All Designs————— 


Elongation, per cer 


Min. 
25.4 
29.1 


2.0 
20.9 


26.0 
14.5 


nN NO 
nN 


23.5 
18.7 


5.0 
18.6 


21.9 
20.5 


26.1 
25.9 


22.2 
24.4 


10.0 
23.5 


- 


5.0 
25.3 


23.6 
22.0 


Avg. 

37.7 
37.8 
37.8 


34.9 
31.4 
33.2 


31.0 
30.3 
30.6 


14.9 
33.9 


37.3 
36.8 
36.8 


36.6 
37.7 
37.1 


35.1 
36.4 
35.7 


35.9 
34.2 
33.1 


19.2 
36.7 


38.0 
38.1 
38.1 


34.5 
35.1 
34.8 


33.9 
32.4 
33.2 


31.3 
32.5 
31.9 


19.9 
34.0 
34.4 


33.1 
33.7 


Ma 
45 
46 


45 


49.6 
50.5 


48.0 
46 


34.8 
47.7 


49.1 
50.2 


41.0 
44.4 


43.1 
41.2 


43.7 
40.6 
30.4 
44.6 


43.2 
44.6 











ipproximately 2300° F. 





LAMER 


rap on top, and the cru- 
ible is kept full until all 
f the charge is melted. This 
and the C, 


sent the two extremes of the 


method repre- 


ommonly used charging 

methods. 

1 of Melt Preparation. All 
harges weighed about 300 to 
and consisted of 50 per cent 
om a producer of secondary 
etal and 50 per cent gates 
ers from previous melts. In 
eats, 5 per cent turnings were 
d in the charge which were 
down first, followed by the 
comprising 45 per cent of the 
and the gates and risers, 

ising 50 per cent of the charge. 
ise of 5 per cent turnings from 
chine shop in the charge is 
ted by the letter (T). 
is, by using the code, the con- 
F,L.C,(T) indicates that the 
was prepared in a _ high-fre- 
induction furnace lined with 
graphite crucible, using the 
nethod of charging described 
and the initial charge con- 

d of 5 per cent by weight of 

nings from the machine shop, 

with 50 per cent gates and 
and 45 per cent ingot. 

When making the melts of the 

shest quality in the high-frequency 

juction or gas-fired tilt furnaces, 
charges placed in the furnace by 

ther the C, or C, 
ted down and the dross removed 

the surface of the melt three 

es 1) soon after the charge 


ompletely molten, (2) when 


methods, were 


the melt had been heated to ap- 


roximately 2150° F., and (3) just 
ere transferring the melt when 
had reached the temperature of 
This pro- 
lure of melting these relatively 
ll heats produced a metal loss 
uunting to about 3 per cent by 
ight. 
[he same procedure of melting 
used in the gas-fired crucible 
furnace, and in the high-fre- 
ncy induction furnace, but when 
ting in the barrel-type rotating 
rnace, only the C, method of 
irging was practiced. The charge 
this barrel-type furnace was cov- 
d with a glass slag when the 
rge melted and, of course, the 
lt was not skimmed until just be- 
it was transferred to the pour- 


r ladle. 





When preparing certain melts 
where a low quality was desired, thi 
high-frequency furnace with a rela 
tively new clay-graphite lining was 
employed. Charging was done by 
the C, method, and before melting 
began, the metal was covered with 
a glass slag to prevent oxidation 
This slag was maintained on the 
melt in the furnace as well as in the 
pouring ladle after transferring the 
charge to it. When a glass slag was 
used in the high-frequency induction 
furnace during the melting opera- 
tion, this condition is indicated in 
the accompanying figures, illustrat 
ing the results obtained 

After the melts were prepared by 
the methods described above and 
the temperature reached 2300° F 
they were then transferred to a pre- 
heated fire-clay-lined ladle which 
would hold the entire charge of 300 
to 350 Ib. ‘As the melt was trans- 
ferred, metallic zinc additions were 
made to restore the zinc content to 
approximately 5 per cent and 2 oz 
of 15 per cent phosphor-copper pet 
100 Ib. of melt was added to the 
pouring ladle. The melts were then 
poured into the molds from the vari- 
ous temperatures. 

The complete tensile data on the 
12 melts of Group 1 are listed in 
Table 7, while Table 8, pages 17 and 
18, contains similar data on the 32 
melts of Group ) 

Effect of Charging Method. The 
relative merits of the C, and C 
methods of charging are illustrated 
by Figs. 19 to 25, inclusive. Each 


int on Figs. 19 


sent the iveragt ol 18 test-bar 


values: while each point on Figs. 20 


21, 23, and 25 represent the aver- 
ages of 36 bars. Figures 19 and 20 
prepared from data obtained from 
two separate but similar investiga- 
tions, illustrate the relative merits of 
the two methods of charging into 
a high-frequency furnace lined with 
silica 

Figure 19 represents the results 
obtained from some of the first group 
of 12 melts prepared, while Fig. 20 
represents the data obtained from 
the melts from the third group 


lative merits 


Figure 21 shows the re 


of the C, 


ing the same furnace, but 5 per cent 


and C. methods of charg 


turnings was included in the charge 
For reasons described more fully 
later, the greatest weight is placed 
upon the data obtained at the two 
highest pouring temperatures, whil 
those obtained at the lowest tempe! 
ature are generally disregarded 
With this in mind, it is evident 
that Figs. 19 and 20 show the C 
method ol charging to be slightly 
superior to the C, method when 
using the high-frequency induction 
furnace without turnings in the 
charge. The superiority of the C 
method is slight as further attested 
by the fact that the C, 
peared slightly the better when 5 per 


method ap- 


cent turnings was used in the charg 

Figures 22 and 23 illustrate the 
data from two separate, but similar 
investigations comprising melts from 


These 


Groups | and 3, respectively 





Table 6 


Errect oF Moitp MATERIAL UPON 


rHE HorizoONTAL 54-IN 
Mold Pouring 
Condition Temp., °F Minimum 


Natural sand 2090-2180 37,200 


1% oil, 1% sand 


baked at 450° F 085-2180 34,300 


2% cereal 


baked at 450° F 


2% western bentonite 
plus 6.5% Revivo, 
not baked 


2% western bentonite 
plus 6.5% Revivo, 
baked at 450° F. 

2% western bentonite 


plus 6.5% Revivo, mi 
baked at 1700°F. 2110-2155 37,700 


9095-2170 35.100 


9105-2160 37,700 


9110-2145 33,400 


2A 350-lb. charge, consisting of 5/ 


Tensile Strength pst 


rHE TENSILE PROPERTIES OBTAINED IN 
WEB-WEBBERT TEST BarR® 


Elongation, Per Cent 
{vuerage Maximum Minimum Average Maximum 


38.600 40,100 36.8 42.6 51.5 


36,900 39.500 27.6 32.0 41.3 
36,400 37,700 25.6 31.0 35.9 
38.100 38.500 51.4 $3.5 35.6 
36,250 37,800 22.6 51.4 38.1 


38,650 40,000 $1.5 45.2 50.8 


. « & & 
yer cent gates and risers and 50 per cent new ingots of 85-5-5-5 


alloy. was melted in silica-lined, high-frequency induction furnace. No cover was used The melt was 
: 1 E e 

transferred to a pouring ladle after skimming. An addition of 14 per cent zinc, and 2 oz. of phosphor 

copper per 100 lb. of melt was made during the transfer 
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figures show the relative merits of 
the C, and C, methods of charging 
in a high-frequency induction fur- 
nace lined with clay-graphite. It will 
be noted that the C, method is some- 
what superior to the C, method. 

Figures 24 and 25 show data 
again from the two groups of melts, 
illustrating the relative merits of 
C, and C, methods of charging in 
the gas-fired tilt furnace, having a 
clay-graphite crucible. It will be 
noted that the C, method of charg- 
ing is substantially superior to the 
C. method. 

To summarize, the C, and C, 
methods produce similar results or 
possibly the C, method of charging 
is slightly the better of the two when 
melting in a high-frequency silica- 
lined induction furnace, with or 
without turnings in the charge. On 
the other hand, the C, method ap- 
pears to be substantially the better 
of the two when charging the high- 
frequency clay-graphite lined induc- 
tion furnace or the gas-filled tilting 
furnace having a clay-graphite cru- 


Individual 


Each 


for 


Bor Designs 


cible to hold the metal charge. 

The data obtained from the melts 
from Group 1 and Group 3 are in 
reasonably good agreement, indicat- 
ing that the employed method of 
rating melt quality is fairly con- 
sistent. 

Since the test bars used to make 
these comparisons were poured 
under identical conditions, it is rea- 
sonable to presume the differences, 
small but consistent, are caused by 
differences in melt quality, i.e., gas 
content. Furthermore, the conclu- 
sions are based on the averages of 
many heats, and many test bars of 
various designs. It must be concluded 
then, that the C, charging method 
produces similar or possibly very 
slightly lower gas contents than the 
C, method of charging in the silica- 
lined, high-frequency induction fur- 
nace. 

On the other hand, the C, method 
of charging is superior when melting 
in a clay-graphite lining, or crucible, 
in either a high-frequency induction 
furnace or a gas-fired tilt furnace. 


wo 
5 a 
_8 
5° 
5 
a “ 
mM ——1—|* DATA FROM 12 MEL 
2 | |e DATA FROM 5 MELTS 
s |__| _|o DATA FROM 32 MELTS 


Average 





0 
ha 
E 
> 
» 
> 
22 
40 38 36 34 
Weighted Average 
Fig. 16 





Relationship between weighted average elonga- 
tion and weighted average tensile strength of all test-bar 
designs investigated. Tensile properties at the highest 


32 30 28 26 24 


,’ 
Elongation of Ail Bar Designs For Each 


Fourtu A.F.A. Founpation Lect 


Possibly the carbon in contact w 
the melt is a source of the gas, a 
the greater exposure of the melt 
oxidation when using the C, meth: 
helps to overcome this disadvanta, 
Thus, more strongly oxidizing co 
ditions are required to produce t} 
best melt quality. This hypothesis 
however, in the realm of speculati: 
but it is offered as a reasonable ex 
planation of the results obtained 

The Effect of Furnace Design 
Using a melting technique which 
would produce the best melt quality 
as described previously, the follow 
ing four different furnaces wer 
compared: 

1. High-frequency induction fur- 
nace with a silica lining, 

2. High-frequency induction fur- 
nace with a clay-graphite lining, 

3. A gas-fired tilting-crucible fur- 
nace with a clay-graphite crucible, 

4. A rocking, gas-fired barrel fur- 
nace lined with firebrick. 

Only the first three furnaces were 
used to prepare the Group | melts 
in duplicate, using the C, and C, 
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individuol Melt, Per Cent 


pouring temperature were given a weight of 2; tho 
at medium pouring temperatures a weight of 1; an 
those at lowest pouring temperature were discarded 
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Effect of charging method on tensiles of bars 
ons; high-frequency furnace with silica lining. 
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Fig. 21—Effect of charging method on tensiles of bars 





designs; high-frequency furnace, silica lining; 5 
per cent turnings in charge. 
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Fig. 20—Effect of charging method on tensiles of bars 
of 6 designs; high-frequency furnace with silica lining. 
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Fig. 22—Effect of charging method on tensiles of bars 
of 5 designs; high-frequency furnace with clay-graphite 
lining. 
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Fig. 31 


Each point represents average of 54 test bars from 
melts of Group 3 prepared under various conditions. 
Melts prepared under a glass slag are excluded. 


methods of charging the furnace. 

On the other hand, Group 3 melts 
were prepared in triplicate again 
using the C, and C, methods of 
charging, with the exception that the 
gas-fired barrel-type furnace was 
charged by the C, method only. The 
relative merits of these four furnaces 
are illustrated by Figs. 26 and 27. 
The results illustrated by Fig. 26 are 
from the first group of melts, while 
Fig. 27 represents the third group of 
melts, and each point represents the 
average of 36 and 72 test-bar values, 
respectively, excepting these repre- 
senting condition F,L;C, on Fig. 27, 
which are the averages of 36 bars 
only. 

Reference to the elongation values 
on Figs. 26 and 27 will show that the 
high-frequency induction furnace 
with a silica lining is somewhat 
superior to the same furnace with a 
clay-graphite lining. According to 
Fig. 27, the rotary gas-fired barrel- 
type furnace is slightly superior to the 
high-frequency furnace with a clay- 
graphite lining and therefore occu- 
pied second place. Both Figs. 26 and 
27 show that the gas-fired tilt fur- 
nace with a clay-graphite crucible 


—Effect of test-bar design on tensile properties 
27 of bars cast from poor quality melts under a glass slag ir 


°F 


Fig. 32—Effect 


a clay-graphite 


is substantially inferior to the other 
furnaces. 
Since Figs. 26 and 27 are based 


on a very large amount of data, con- 
siderable confidence may be placed 
upon the results shown by them. It 
is quite possible, however, that rela- 
tively small differences in melting 
technique might change the relative 
order of these four furnace types. 
Thus, while the gas-fired tilting fur- 
nace with a clay-graphite crucible 
definitely appears inferior to the 
other type of furnaces, it is quite 
possible that this could be compen- 
sated, partly or entirely, by a melting 
technique which was somewhat dif- 
ferent from that employed in these 
investigations. 

In fact, the results illustrated by 
Figs. 26 and 27 are the averages 
obtained by both the C, and C, 
methods of charging. If only the 
C, method had been used, the high- 
frequency, clay-graphite-lined fur- 
nace would appear slightly better 
than it does, while the gas-fired tilt 
furnace having a clay-graphite cru- 
cible would appear substantially bet- 
ter than it does in Figs. 26 and 27. 

Again, the relative merits of these 


Each point is average of 6 test bars from 3 melts. 


Pouring Temperature, °F 


of test-bar design on tensile propertic 


lined high-frequency induction furna 


furnaces must be translated into the 
relative gas contents of the melts 
produced in them. It is logical to 
speculate that the melting procedur 
which produces the best conditions 
of oxidation is superior. There is the 
further probability of carbon absorp- 
tion from the clay-graphite crucible 
or lining with the subsequent evolu- 
tion of gas by Reactions C or D de- 
scribed on page 3. 

In view of the good results ob- 
tained with the gas-fired, firebrick- 
lined rotating furnace, this conjec- 
ture appears especially logical. Re- 
calling that the gas-fired furnaces 
were operated at 0.5 per cent oxygen 
in the furnace atmosphere, it may be 
speculated that the silica-lined, high- 
frequency induction furnace was best 
because of the absence of carbon am 
the strongly oxidizing conditions 
The same is true of the gas-fired, 
barrel-type rotating furnace. Al- 
though a glass cover was used. the 
furnace rotation produced good op- 
portunities for oxygen absorpti 

The clay-graphite-lined, high-'re- 
quency induction furnace occu)ied 
third place because, although c:di- 


tions ‘were strongly oxidizing, ‘his 











heir concentration, 


the ill effects 
absorption. The gas-fired 


offset 


not only had the dis- 
of the contact of the melt 
arbon in the clay-graphite 
but the oxidizing conditions 
pronounced. Hence, this 
peared in, fourth place. It 
emphasized that these are 

ns only. 
iz, ry of Cases in Cop per- 
ys. It may be well to point 
the theoretical reason why 
yxidizing conditions produce 
Its of highest quality, i.e., 
as content. The only limita- 
oxidizing conditions is that, 
excessively oxidizing melting 
ns are employed, loss in alloy 
marked. Not do the 
become but 
vill also be loss of tin and an 


only 


excessive, 


SSes 


metal recovery. 


DOOI 
I 


Within this extreme, however, 


‘ly oxidizing conditions produce 
solution 
the melt, and it makes no prac- 


difference 


oxygen content in 
whether this oxygen 


resent as atomic oxygen or as 

xide so long as it is in solution 
the melt. The more of the readily 
xidizable elements such as _phos- 
horus or zinc present and the higher 
the the 
content which is 


equilibrium with them in the melt, 


lower 


iximum oxygen 


2P+5 O (or an oxide)=P,O; 
C'p Oo 
K — 
Ops 
] 
- — 
Co K'C'p o 
2 & a 
Cy 
here K is a constant for a given 


mperature, and C is the concentra- 


tion of the constituent indicated by 


subscript. This equation, based 
the of shows 
as the concentration of phos- 
rus in the melt increases, there 


decrease 


law mass action, 


1? 


in the maximum equi- 
um oxygen or oxide content in 
ition in the melt. Similar rela- 
nships exist for the oxygen or 
content in equilibrium with 
zinc, tin, hydrogen, carbon, and 
r elements having an affinity for 
is evident that the higher the 
nt of strongly reducing ele- 
such as phosphorus and zinc, 
the maximum soluble 


ower 


] 


nt in the meit, 
consequently, the higher the 
maximum content of hydrogen. car- 


oxygen or oxide cont 
and 


bon, or formers 
in the melt. As a consequence of the 
higher soluble oxygen or oxide con- 
tent the 
maximum concentration of hydrogen 
and 


other gases or gas 


which can be attained, 


other reducing or 
formers is less in phosphorus-free o1 
zinc-free still binary 
copper-tin alloys, and still less in 


commercially melted 


gases gas 


alloys. less in 


pure copper 
under oxidizing conditions 

It will be evident then that, be- 
cause of the zinc content of 85-5-5-5 
alloy, the maximum oxygen content 
which the melt can contain in solu- 
tion is relatively low. This condition 
produces a fairly narrow range in 
conditions whereby the oxygen con- 
tent of the melt will be high enough 
without producing an excessive metal 
loss. If this attained, 
the high oxygen or oxide content in 
the melt will be high 
enough to keep the content of hydro- 
gen and possibly other gases or gas 


condition is 


solution in 


formers low. 

Furthermore, a phosphorus addi- 
tion to the ladle during the transfer 
then reduces this equilibrium oxygen 
content, so that Reactions A, B, C 
or D. page 3, not 
proceed to the right when the metal 
solidifies. The technique, then, is to 
produce low hydrogen or other 


shown on do 


gas 
or gas former contents by maintain- 
ing as high as practical oxygen con- 
tent during melting, then reducing 
this oxygen with phosphorus before 
pouring. As a result of the 
hydrogen and the low oxygen con- 


low 


tents, they do not again reach equi- 
librium proportions even though they 
are concentrated in the remaining 
liquid during solidification. 

The account of the 
theory of gases in copper-base alloys, 


above brief 


though not rigorously proved, is in 
conformity with all the observations 
made during the course of this in- 
vestigation. 

The Effect of the Use of Machine 
Turnings in the Charge. Where ma- 
chine shop turnings are available, 
this scrap is quite frequently used to 
make a portion of the charge. Figure 
28 shows the average test-bar prop- 
erties of all designs when poured 
from melts prepared in a high-fre- 
quency induction furnace with a 
silica lining, with and without 5 per 
cent machine turnings in the charge. 
The results shown are the averages 











of triplicate melts, each point repre- 


senting 36 bars of six different de- 
noted that, in this 
ast, the presence of the 


machine turnings in the charge had 


sions. It will br 


instance, at | 


no appreciable effect upon the aver- 


age test-bar results obtained 
Some previous, more limited data, 
not listed he re, had indicated that 


machine turnings in the charge may 
produce slightly lower test-bar prop- 
erties. Apparently, the important fac 
tor is the 


turnings 


cleanliness of the machine 
If harmful impurities are 
permitted to contaminate them, ad- 


verse effects may be produced. If, 
however, contamination is not a fac- 
tor, the machine turnings can be 


successfully remelted in the high-fre- 
without 
damage to the melt quality produced 

The Effect of Melting Under a 
Glass Slag Cover. Six heats 
prepared in the high-frequency in- 


quency induction furnace 


were 


clay- 
graphite lining. Three of these heats 


duction furnace having a 
were prepared by using the technique 
which gave the highest melt quality; 
namely, no cover was used, and the 
melt was skimmed three times dur- 
ing the heating-up period as de- 
scribed previously 


The other three heats differed in 


that a glass slaw was charged into 
the furnace before the metal was 
melted, and this cover was main- 


tained throughout the entire melting 
operation, and even in the pouring 
ladle. The C, charging method was 
identical for both series of heats and 
zinc and phosphorus additions were 
also identical, as described previously 

Figure 29 shows the 
the 
melting techniques. It will be noted 


average re- 
sults obtained by two different 
that the glass slag cover has had a 
very adverse effect on the average 
The 


melt is obviously of high gas content, 


test-bar properties obtained. 
as shown by the very open, coppery 
fractures not illustrated here, and by 
the low test-bar properties obtained 
Many melts were prepared using a 
the three 
melts described here were prepared 


glass slag cover before 
The melt quality obtained was in- 
the 


trated by Fig. 29 are typical 


variably low, and results illus- 


Apparently, the removal of the 
the 
melt, as was done in many heats not 


glass slag before transferring 
described here, provides some oppor- 
tunity for melt oxidation and partial 
gas removal. It is not known whether 


or not the adverse effects of the glass 




























Fig. 34 (right)—Unetched. Longi- 
tudinal section at X13, adjacent to 
the fracture of a Horizontal Y-in. 
web-Webbert bar poured at 2000° F. 
from a melt of high quality. Density 
in the shoulder is 8.91. The lead 
particles are fine, but not as fine as 
those shown by Fig. 33. The low 
pouring temperature has produced 
a hich deeree of soundness. The 
voids shown as large dark areas are 
probably small ruptures produced 
when the bar was broken. Mechani- 
cal properties are 40,200 ps1. tensile 
strength and 44.3 per cent elonga- 
tion. As indicated by Figs. 30 and 
31, this elongation value ts higher 
and the lead particles coarser than 
average for this pouring tem pera- 
ture. This bar is s:milar to the one 
shown by Fig. 12 and 33, except 
that it was poured at a lower tem- 
perature. 


Fig. 33 (le ft)- Unetched. Lor 
dinal section at X13 of a Horiz 
¥g-in. we-Webbert bar pour ; 
2100° F. from a melt of high 
ity. Density in the shoulder ts 8.85 
This specimen was poured from th. 
same melt as the one shown by 
12, and is similar except that it 
poured from a temperature 
2100° F. instead of 2240° F. The 
mechanical properties are 36,800 | 

tensile strength and 37.7 per cent 
elongation. The decreased pouring 
temperature has greatly decreased 
the amount of microporosity, but th 
lead particle size is much finer; the 
net effect of these two changes i 
structure, one favorable, the other 
unfavorable, is a slight reduction in 
tensile properties. 
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The local shrinkage, not 
it apparent on the fracture, 
luces the tensile properties 
There may also be an ad- 
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e. When the grains be- 
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be ome 


v elongation values. 
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slag are more pronounced when 
melting in a clay-graphite crucible 
than when melting in a silica-lined 
high-frequency induction furnace. 

It is now generally accepted, as 
described previously, that copper- 
base alloys should be melted under 
slightly oxidizing conditions. All of 
the results obtained on this experi- 
mental program confirm this conten- 
tion. It is obvious that a glass cover 
maintained over the melt at all times 
greatly reduces the contact with air 
and prevents suitable oxidation. The 
result is that the melts are gassy, the 
test bars obtained contain a very 
considerable amount of microporosity 
as evidenced by the coppery, open 
fracture, and their tensile properties 


are low. 


VII.—Averace Errect oF PourInG 
TEMPERATURE ON TENSILE PROPER- 
TIES OF Various Test-Bar Desicns 

The average effect of pouring tem- 
perature on test-bar properties of 
any given test-bar design depends 
not only upon the design but also 
upon the melt quality employed. 
While the general influence of the 
melt quality upon the effects pro- 
duced by variations in the pouring 
temperature is known, there are 
variations in the effects of pouring 
temperature that are at the present 
time inexplicable. 

The general effects of pouring 
temperature upon the test-bar prop- 
erties of five different designs poured 
from the first group of melts -are 
shown by Fig. 30. The average melt 
quality from this group was good but 
slightly inferior to the average melt 
quality obtained by the third group 
of melts having the highest melt 
quality. The data on the third group 
of melts are represented by Fig. 31 
for melts of high quality, and by 
Fig. 32 for melts of very low quality. 
Considerable study of these three 
figures is required. 

In general, the tensile properties 
of all designs are increased with de- 
creasing pouring temperature, but 
the rate of increase is very much 
greater with melts of very poor 
quality. 

Several of the designs show a 
maximum elongation value at the in- 
termediate pouring temperature or a 
gradual decrease in elongation with 
decreasing pouring temperature 
when they are cast from melts of 
good quality. When these same test- 
bar designs are poured from melts 


of low quality, the elongation values 
are very much lower, of course, but 
as the pouring temperature decreases, 
the elongation values increase very 
substantially, particularly as _ the 
pouring temperature is dropped from 
2235 to 2135° F. 


Effects of Pouring Temperature on 
the Microstructure and Soundness 


Apparently, the microporosity re- 
sulting from melts of low quality, 
namely, high gas content, is very 
pronounced at the highest pouring 
temperature, especially in Webbert- 
type bars. This defect is less pro- 
nounced at the intermediate pouring 
temperature with the result that 
markedly better tensile properties are 
obtained. With a still further de- 
crease in pouring temperature from 
2135 to 2035°F., the microporosity 
defect decreases still further, but 
other adverse effects may partially 
counterbalance the improvements 
obtained in soundness. 

A comparison of Figs. 12, 33, and 
35, will show the effects of decreas- 
ing the pouring temperature on the 
structure, fracture, and density of 
Horizontal 5g-in. web-Webbert bars 
poured from melts of good quality, 
while Figs. 13 and 35 show similar 
effects on bars poured from melts 
of poor quality. These two groups 
of photographs should be compared 
with Figs. 11 and 36, which show 
the effects of decreasing pouring 
temperature on the structure and 
soundness of the cast-to-shape L.T.B. 
bar poured from a high-quality melt. 
In contrast to the Horizontal 54-in. 
web-Webbert bars, the L.T.B. is 
quite sound even at the highest pour- 
ing temperature. 


With melts of good quality, most 
of the designs show lower elongation 
at a pouring temperature of 2035° F. 
This apparently arises from one or 
more of several causes. The cast-to- 
shape bars, such as the Crown-type 
or the L.T.B. test bars, are frequently 
characterized by some localized 
shrinkage at the lower pouring tem- 
peratures, resulting in lowered prop- 
erties. There is also a marked ten- 
dency for the grain size to decrease 
markedly at the lower pouring tem- 
perature, resulting in angular lead 
particles at the intersection of three 
or more fine equiaxed grains. These 
angular lead particles as illustrated 
by Figs. 16 and 17 have an adverse 
effect on the tensile properties ob- 
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tained. There is also some evi 
that, as the pouring temperatur 
creases, the lead particles b 
finer, which also has an ady ory 
effect on the test-bar properti: 

Again, Figs. 12, 33, and 34, | 
13 and 35, and Figs. 11 and 36 
should be compared to observe th 
effects of decreasing pouring 
perature on lead particle size and 
shape. Figure 35 is especially inter. 
esting because the combination of 
poor melt quality and low pouring 
temperature has produced sound 
bars having very angular lead par- 
ticles and relatively low elongation 
values. 

The lead particles are essentially 
discontinuities which have very little 
strength in themselves. As they be- 
come finer, they became more con- 
tinuous and have a greater adverse 
effect on the elongation 
These same effects of discontinuities 
produced by temper carbon particles 
in malleable iron and by sulphide 
particles in some cast steels have also 
been noted*. These adverse effects of 
finer or more angular lead particles 
obtained with decreasing pouring 
temperature are partially or com- 
pletely offset by the improved sound- 
ness unless localized shrinkage occurs, 
as it frequently does, in the cast-to- 
size bars such as the L.T.B. 

These two opposite effects then 
combine to determine the average 
effects of pouring temperature on the 
test-bar properties of the various de- 
signs as illustrated by Figs. 30, 31, 
and 32. These general effects of 
pouring temperature on the sound- 
ness and lead particle size and dis- 
tribution are illustrated by the figures 
referred to previously. 


Test Bars Poured at High Tempera- 
ture Reflect Melt Quality Most 
Reliably 


In view of the above description 
and data on the effects of pouring 
temperature on the test-bar proper- 
ties obtained, it is quite obvious that 
the melt quality, namely, the gas 
content of the melt, is most markedly 
reflected by the test-bar properties 
obtained at the highest pouring tem- 
perature. On the other hand, th 
test-bar properties obtained at the 
lowest pouring temperature depend 
upon many factors other than mit 
quality, and these factors are m: 
difficult to control. 

Some of them have been m 
tioned; as for example, as the po 


values 
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erature decreases, the size 
of the lead particles be- 
aller or more angular, the 

‘axed grains obtained at low 

temperatures sometimes pro- 

irse, angular lead particles, 

lized shrinkage occurs, espe- 

cast-to-shape bars, such as 

’.B. Consequently, the melt 

rating of a single heat or of 

melts made under the same 

ns was obtained by using the 

ed average elongation and 

values. 

this procedure, the properties 

ed at the highest pouring tem- 

ure near 2225° F. were given a 

t of two; those obtained at the 

ediate pouring temperature of 

ximately 2125° F. were given a 

ht of one; while those obtained 

lowest pouring temperature 

not considered for the reasons 

lescribed above. In effect, this aver- 

value is the tensile property 

which would be obtained at about 

9900° F., ie., 24 of the way between 
9135°F. and 2235° F. 

It may be worth while, at this 
point, to make some speculations re- 
carding the characteristics which a 
test bar should have to reflect melt 
quality to a maximum extent. It was 
noted at the outset that the keel 
block was not suited to 85-5-5-5 
illoy. Somewhat inadequate investi- 
gations indicated that, because of the 
heavy mass in this design, there was 
1 tendency for slow and rather non- 
directional solidification. 

As a consequence, the microporos- 
ity and lead particles were coarse 
and angular, resulting in low prop- 
erties even with melts of sufficiently 
high quality to produce excellent 
properties in other designs. This de- 
sign is well fed, but this partial ad- 
vantage is offset by the slow cooling 
which produces defects that over- 
shadow the microporosity defects re- 
sulting from high gas contents in the 
me It 


lhe cast-to-shape Crown-type and 

the L.T.B. bars have strongly direc- 

tional solidification, in the test section 

which produces bars substantially 

ree of microporosity, regardless of 

‘ content, but centerline shrinkage 

occur because of the poor feed- 

especially at low pouring tem- 
eratures. 

\s a rule, these designs are erratic 

| not particularly reflective of 

t quality because the defect nor- 

ly accentuated by the gas in the 





melt, i.e., 
occur. 


microporosity, does not 
Instead, melts of high gas 
content produce fine, rounded pin- 
holes which are entrapped in the test 
section in an erratic manner. These 
characteristics are generally unfavor- 
able, but the L.T.B. apparently is 
slightly superior to the Crown bars, 
as will be described later. 
Apparently the Webbert-type bars 
represent the best compromise be- 
tween good feeding, nondirectional 
solidification, and too heavy sections 
on the one hand and rapid radial 
solidification with poor feeding on 
the other. 
may be reduced by either decreasing 


Because microporosity 
the gas content of the melt or by 
providing better feeding, the thick- 
ness of the web is quite critical. 
However, this phase of the problem 
has not been completely investigated 


VIII.—CorrRELATION OF THE TEST- 
Bar PROPERTIES OF INDIVIDUAL DeE- 
SIGNS WITH MELT Qua ity RATING 


As previously indicated, the pri- 
mary purpose of test bars is that of a 
device for measuring melt quality. 
It is a characteristic of all castings 
that their mechanical properties will 
vary somewhat although they are 
poured from the same melt under 
identical conditions. There are, then, 
some uncontrolled factors which in- 
fluence the mechanical properties of 
all castings including test bars. A 
perfect correlation, therefore, of the 
test-bar properties with melt quality 
is not to be expected, but a good test 
bar should reflect melt quality re- 
liably. 

The extent to which the various 
test-bar designs reflect melt quality 
has been graphically represented by 
Figs. 37 to 45, inclusive. This corre- 
lation has been carried out on all 12 
melts of Group 1, all five melts ot 
Group 2, and all 32 melts of Group 
3 described previously. Although, as 
indicated earlier, not exactly the 
same series of test bars were poured 
from each group, the melt quality 
ratings have been obtained by using 
the weighted average tensile proper- 
ties of all designs as described above. 

As previously stated, the proper- 
ties obtained at the highest pouring 
temperature were given a weight of 
two, those at the intermediate tem- 
perature a weight of one, while the 
values obtained at the lowest pour- 
ing temperature were not included 
in these calculations. Thus, the 49 
melts prepared in Groups 1, 2, and 3, 
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were rated in the decreasing order 
of melt quality. Since each test-bar 
design contained two test bars per 
mold, the average properties ob- 
tained on these two bars from a given 
pouring temperature are plotted 
against the melt quality rating 
Thus, Fig. 37 shows the relation- 
ship of the melt quality to the aver- 
age test-bar properties of the two 
web-Webbert test 
bars from a single casting poured 
from the highest temperature. Figure 
38 shows the similar relationship for 


Horizontal 54-in 


the two bars poured from the inter- 
mediate temperature. Figures 39 and 
10 show a similar pair of charts for 
the L.T.B. test bar 

Figures 41, 42, 43, and 44 show 
similar charts for the Navy 5/16-in 
web-Webbert. The first two, Figs. 41 
and 42, show the relationship of the 
average test-bar properties of two 
bars cast from the high and inter- 
mediate temperatures, respectively. 

Figures 42 and 43, on the other 
hand, show the individual test-bar 
values. These two charts show a con- 
siderable scatter in the individual 
test-bar values, and it is quite evi- 
dent that, on the basis of individual 
bar values, it would be entirely pos- 
sible to reject a satisfactory or good 
heat and accept a rather poor heat. 
Because the individual values do 
show this scatter, all the other charts 
are based on the average of the two 
bars. This is also in conformity with 
the ASTM Specification B145-44T, 
which permits the average of two 
bars to be used. 

Figure 45 shows the correlation of 
the average of two bars of the Navy 
1/16-in. web-Webbert poured at the 
lowest pouring temperature. In gen- 
eral, it will be noted that the correla- 
tion becomes less perfect as the pour- 
ing temperature decreases. This is 
to be expected, and it is caused 
partly by the method of obtaining 
melt quality ratings and in part by 
the more erratic properties obtained 
at the lowest pouring temperature 
because: of their dependence upon 
many factors in addition to melt 
quality. 

In general, the Navy 5/16-in. web- 
Webbert produces the best correla- 
tion of the test-bar properties with 
melt quality. The Horizontal 5%-in 
web-Webbert and the L.T.B. test 
bars show a very definite trend, the 
test-bar properties decreasing with 
melt quality, but there is more scat- 
ter in the data. On the other hand, 
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Fig. 37—-Average tensile values of two Horizontal 5/8- 


in. web-Webbert bars from a single casting poured at 


2235° F. 


more data are available on these two 
designs and this may account in part 
for the greater scatter obtained. 

Similar charts, not shown here, 
were prepared for the Modified 54- 
in. web-Webbert, Modified Crown, 
Universal, Navy 5¢-in. web-Crown 
bars. All of these showed rather poor 
correlation of test-bar properties with 
melt quality. In general, those data 
obtained with the Navy 54-in. web- 
Crown, Navy 5-in. web-Webbert, 
and Universal bars were low as well 
as erratic. 

Those data obtained with ‘the 


Modified 5g-in. web-Webbert were 
very high, and while the lowest melt 
quality produced moderately low 
properties, the higher range in melt 
qualities produced bars having simi- 
lar and very high tensile properties. 
Thus, all of these designs did not 
differentiate between melts differing 
considerably in melt quality, but did 
differentiate between melts of widely 
divergent melt qualities. 


IX.—SuMMARY AND CONCLUSIONS 


As employed in this paper, the 
term “melt quality” is synonymous 
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Fig. 38—Average tensile values of two Horizontal 5/8- 
in. web-Webbert bars from a single casting poured at 


2135° F. 


with melt composition and _ refers 
specifically to the content of gas and 
gas formers in the melt in the pot. 
The various types and kinds of gas 
evolution during solidification have 
been outlined. In general, this ga 
evolution during solidification pro- 
duces a defect known as micro- 
porosity. 

If all other factors are maintained 
constant, this microporosity in t! 
test bars increases with increasi! 
gas content of the melt which in tur 
produces decreasing tensile prope: 
ties. As a result, a reasonably fa 
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orrelation of melt quality with the 
average tensile properties of the test 
bars is obtained, provided a stand- 
ardized test-bar procedure is em- 
loved. 
\ study has been made of test 
test-bar practice, test-bar de- 
sign, and of the effects of various 
elting practices on the test-bar 
properties. 
Che results obtained may be sum- 


rized under six main headings as 
ws: 


i t of Test-Bar Design 


a single casting poured at 2235° F. 


1. Of the eleven test-bar designs 
investigated, the British D.T.D. bar, 
shown in Fig. 8, was discarded early 
in the investigation because the low 
properties obtained indicated that 
factors other than melt quality were 
predominant. The properties ob- 
tained, however, were equal to or 
superior to those reported by British 
investigators. 

2. The keel block casting, shown 
in Fig. 4; the Universal, Fig. 1; the 
Navy %-in. web-Webbert; and Navy 
Crown, Fig 7, also produced very 
low properties, and as a result, it 


a single casting poured at 2135° F. 


was concluded that these test bars 
are not suited for 85-5-5-5 alloy 

3. Using the weighted 
tensile properties of several designs 
of test bars 
quality, the tensile properties ob- 
tained on the Universal, Fig. 1; the 
Modified Crown, Fig. 9; the Navy 
5¥g-in. web-Crown, Fig. 7; the Modi- 
fied 5-in. web-Webbert, Fig. 9; and 
the Navy 5-in. web-Webbert, have 
produced a rather poor correlation 
with melt quality. 

4. On the other hand, the Hori- 
zontal ¥-in. web-Webbert, Fig. 3; the 


average 


as a measure of melt 
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web-Webbert bars from a single casting poured at 


2235° F. 


L.T.B., Fig. 2; and the Navy 5/16- 
in. web-Webbert, Fig. 6, all show a 
fair correlation of the average tensile 
properties of the two bars with melt 
quality. Of these three designs, the 
tensile properties of the Navy 5/16- 
in. web-Webbert appear to produce 
slightly the best correlation with melt 
quality. 

5. The individual test-bar values, 
however, show a considerable scatter, 
and it would be possible to accept a 
melt of rather poor quality or reject 
one of the rather high quality on the 
basis of single-bar values of any of 
the test-bar designs investigated. 


Relation of Structure, Fracture, and 
Test-Bar Properties 

1. As the gas content of the melt 
in the pot increases, with all other 
factors the same, the quantity of 
microporosity in the Webbert-type 
test bars increases with a consequent 
lowering of tensile properties. 

2. The presence of microporosity 
in the Webbert-type bars is evi- 
denced by the occurrence of an open, 
coppery appearance of the fracture. 
The greater the amount of micro- 
porosity in the test bar, the greater 
the area and the coarser the coppery 
or open portion of the fracture, mak- 


web-Webbert bars from a single casting poured at 


2135° F. 


ing it possible to estimate the amount 
of microporosity by the examination 
of the fracture appearance. 


3. In cast-to-shape bars, such as 
the L.T.B., Fig. 2, increasing gas 
content in the melt produces an in- 
creasing amount of fine, rounded 
gas porosity in the test bar which 's 
not readily observed on the fractur 
but which, in general, causes a r 
duction in tensile properties. 

4. In addition to the amount « 
microporosity in Webbert bars « 
small rounded pinholes in cast-t 
shape bars, other factors which d 
termine the properties of the t 
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ars apparently are size, shape, and 
distribution of the lead particles. In 
ral, coarse, rounded lead par- 
ire the most favorable, while 
fine lead particles or coarse 
lead particles generally have 
dverse effect on tensiles. 
Localized shrinkage also causes 
roperties of certain cast-to- 
designs, such as the L.T.B.., 
poured at a low temperature. 
general, unfavorable lead 


ne 


e size, shape, and distribution 
lesigns, and the occurrence of 
d shrinkage in the cast-to- 


































































































shape designs become more pro- 
nounced as the pouring temperature 
is lowered. On the other hand, the 
unsoundness in the form of micro- 
porosity in Webbert bars or rounded 
pinholes in cast-to-shape bars and 
which are caused by the 
of the melt, more pro- 
nounced as the pouring temperature 
is increased. 


gas content 
becomes 


The interrelation of these two 
effects of pouring temperature, 
outlined in Item 6, appears to deter- 
mine the over-all effect of pouring 
temperature on the bar properties. 


as 
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8. Because the microporosity caused 
gas of the 
most pronounced at higher pouring 


by the content melt is 


temperatures, melt quality is most 
the test-bar 
test 


reflected by 
the 


temperature 


accurately 


properties when bars are 


poured at a 
9900° F. 


near 


9. Because of the effect of pouring 
temperature noted in Item 6 in the 
foregoing, the over-all effect of pour 
ing temperature on the tensile prop- 
of 
the 


will 
the 


erties test bars 


depend 


upon quality of melt 
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Fig. 45—Average tensile values of two Navy 5/16-in. web-Webbert bars 








10. With a poor quality m: 
tensile properties of test bars 
designs will, in general, in: reay 
with decreasing pouring ter per 
ture. With melts of high 
most designs produce maximum ten. 
sile properties at a relatively hig! 
pouring temperature near 22((0°F 
Intermediate melt qualities produ 
more complex relations betwee; 
pouring temperature and _ the 
bar properties obtained. 


Effect of Mold Material 
1. Wide variations in 
content or in A.F.A. permeability of 
natural or synthetic sands have on) 
very slight effects on the test-ba 
properties obtained in several of th: 
different designs of the test bars 


moisture 


2. From Item 1, it was concluded 
that gas absorption in the mold was 
not an important factor determining 
the tensile properties of test bars of 
85-5-5-5 alloy. 

3. The tensile properties of thy 
Horizontal 54-in. web-Webbert test 
bar were adversely affected by the 
use of a synthetic sand, whereas the 
keel block casting was unaffected by 
the use of this type of sand. 

4. It should not be concluded from 
these observations that wide varia- 
tions in permeability or moistur 
content of the green sand would be: 
acceptable in commercial foundry 
operations. 


Effect of Some Variations in 
Test-Bar Practice 

1. At least during a period of high 
atmospheric humidity, poor test-ba: 
properties were obtained from 4 
high-quality melt by pouring it from 
a height of about 10 in. from the 
mold surface. Thus, a high-quality 
melt was converted to low quality 
by gas absorption during the pour 

2. In general, erratic properties 
were obtained in the Horizontal web- 
Webbert test bar by employing a 
slow pour or by pouring the metal 
from a height of about 10 in. 

3. If the mold of the Horizontal 
5g-in. web-Webbert is tilted so that 
one test bar is lower than the other, 
the lowest tensile properties wil! 
obtained in the lowest bar. 

4. Open risers generally produce 
less localized shrinkage and higher 
tensile properties than blind risers in 
the L.T.B. test bar. Presumably ‘his 
observation would also hold for the 
two-bar design. 


















VU elting Practice on Melt 
n Te st-Bar Prope rties 





thods of charging were 
The C, method consisted 


ne a molten heel and then 








wn one ingot or piece of 
The C, 


onsisted of keeping the fur- 





method of 





time 







intil the entire charge was 





Che gas-fired furnaces were 







to produce approximately 





oxvgen in the furnace 
weighted 






re Using the 






tensile properties of several 





f test bars as a measure of 





ilitv. the following conclu- 





the effect of melting prac- 





elt quality may be made: 





lica lining in the high-fre- 





&: nduction furnace produced 
z higher melt quality than 
4 ay-graphite lining was em- 
3 
\ gas-fired, rotating barrel-type 
3 lined with firebrick pro- 
=. juced a melt quality nearly com- 
=) ble to that obtained in the high- 


ency induction furnace lined 
ith silica 
\ gas-fired, tilting-type pot fur- 
having a clay-graphite crucible, 
duced melt qualities substantially 
rior to those obtained in either 
he induction or in the barrel-type 
nace 
The C, method of charging 
bly may be very slightly superior 
the C 





b4 
ax 


x the silica-lined high-frequency in- 


method when melting in 

luction furnace. 

. Che C, charging method is sub- 
ially superior to the C, method 

melting in a gas-fired clay- 

ranhite : 


mail 


furnace or in a 
induction 


crucible 


} 


gh-frequency furnace 
ed with clay graphite. 
6. The C, method was not prac- 
| in the gas-fired, rotating barrel- 
furnace. 
rhe C, method of charging re- 
ed a slightly longer time to melt 
harge, and slightly higher metal 
s were suffered. 
"he best melt qualities were 
ned by exposing the melt to 
tion, and the lowest melt quali- 
ere obtained by maintaining a 
g over on the melt prepared in 
h-frequency induction furnace 
with clay graphite. 
In general, all of these observa- 
on the effects of melting 
ds on the melt quality confirm 
















the theory of gas in copper-base 
alloys as outlined in the text 
General Conclusior ? 


lest-Bar 


1. Test-bar properties are not in- 


> 
Practice 


dicative of the quality of the castings 
poured from the same melt, but may 
be indicative of the melt quality in 
the pot provided test-bar practices 
are standardized and _ controlled 
Thus, test-bar properties are indica- 
tive of only one important factor 
determining casting quality 
2. The melt quality will be most 
accurately refiected by test-bar prop- 
erties of 85-5-5-5 alloy if the follow- 
ing are adhered to: 
a. A 
selected. On the basis of exist- 


Navy 
web-Webbert or the 


specific test-bar design is 
ing information, the 
)/16-in. 
Horizontal 54-in. web-Webbert 
appear the most suitable. 

Bs. The 


size, and method of making the 


gate dimensions, sprue 
pattern is fixed to avoid varia- 
tions in these factors 

c. The mold is horizontal to pre- 
vent variations in the flow of 
metal in the mold 

p. The 


enough to 


melt is poured rapidly 
maintain a full 
sprue at all times, and the 
pouring lip is held low. If 
necessary with a full pot, the 
mold should be set high enough 


enough to make this possible. 
er. The same sand as used for the 
other castings is employed. 

r. Good moisture control is em- 
ployed, and the use of water 
and mold coatings is avoided 

c. The test bar is poured from 
various melts at the 
temperature, 
2200° F. 

H. The melt quality is judged on 
the basis of the average tensile 
properties of at least two sound 
bars and not on individual bar 


same 
preferably near 


values. 
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XI APPENDIX 


THI 
1946 


sociation 


invitation to present the 


American Foundrymen’s As 
Foundation Lecture be- 
fore the Association’s Golden Anni- 
versary Convention accepted 
with the that Dr 


Clamer would act as spokesman for 


was 


understanding 


submission of a report on a research 
project conducted at Battelle Memo- 
rial Institute, Columbus, Ohio, under 
the sponsorship of the Non-Ferrous 
Metal Institute. At the 
this invitation was accepted, it was 


Ingot time 
the intent that the research project 
would cover the study of gases and 
oxides in copper-base alloys for sand 
castings. General supervision of the 
project was delegated by the Insti- 
Metallurgists’ 
Committee, of which Dr 


tute to its Advisory 
Clamer is 
Chairman. 

start that it 
this 


undertaken, 


It was realized at the 
was essential, before 


could be 
that a standard test-bar design and 


project 
intelligently 


standardized practice for making it 
would have to be developed and 
adopted. Many sporadic studies had 
previously been made and much had 
been published on the subject, but 
there was no record that the prob- 
lem had previously been attacked in 
a comprehensive, scientific manner 

This is forth in the 
paper by A. J. Smith, appearing in 
the 1944 Proceedings of the Ameri- 
can Society for Testing Materials 
Dr. Smith, in his paper, has traced 


clearly set 


the historical records leading to the 
adoption of test bars now in use He 
summarizes as “The 
have been brought to fruition as a 
hodge-podge of ideas which can be 
defended on neither historical nor 
theoretical grounds.” 

The Metallurgists’ Advisory Com- 
of the Non-Ferrous Ingot 


follows: bars 


mittee 





36 


Metal Institute thereupon decided 
to make such an investigation the 
first step of the Battelle project. This 
first step, as it developed, proved to 
be of greater magnitude than origi- 
nally contemplated. Twe years have 
been devoted to this initial phase of 
the project, notwithstanding the 
fact that it was narrowed down to 
the study of test-bar design and test- 
bar practice for a single alloy; name- 
ly, 85 copper, 5 tin, 5 lead, 5 zinc. 
It is, therefore, only on this prelimi- 
nary stage of the project that Dr. 
Clamer was able to report. 
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[wo REASONS for fluidity 
testing are: First, fluidity of new or 
5 unfamiliar alloys may be determined 
™ so that the person responsible for 
De casting operations: can choose the 
© one with the best fluidity among sev- 
2 eral alloys which otherwise may be 
4 equally suitable for the specific ap- 
® plication 
3 Some evidence exists’®® which in- 
® dicates that many alloys have ap- 


proximately equal fluidity when they 


vi 
be) l 

er heated an equal degree above 
me their respective liquidus tempera- 
me tures. However, this point has not 


been proved conclusively and more 
data are necessary for the informa- 
tion of foundrymen. There is a 
definite need for fluidity testing in 
the laboratory to aid the develop- 
ment of better foundry practice. 

| Second, fluidity testing on the 
shop floor is a means of quality con- 
trol to which some foundries have 
not given careful consideration. 
Some foundrymen believe that fluid- 
ity testing is strictly a laboratory ex- 
pedient and that it has no place in 
a production shop. Certainly, in 
foundries where no castings having 
tin sections or intricate shapes are 
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poured, or where misrun castings are 
never encountered, it would be a 
waste of time to train personnel for 
reliable fluidity testing. 

Likewise, in certain non-ferrous 
foundries where temperature meas- 
urement is not difficult, fluidity test- 
ing assumes minor importance. How- 
ever, in shops where metal is used 
at temperatures above 2200° F. 
(1205° C.) for the pouring of cast- 
ings which are susceptible to mis- 
runs, it is believed that routine fluid- 
ity testing can be employed with 
profit. In support of this statement, 
it may be said that a fluidity test has 
been used with marked success to 
prevent the occurrence of misrun 
steel castings in the foundry of the 
U. S. Naval Research Laboratory. 

After a period of observation, it 
was learned that if the length of the 
fluidity spiral! poured with metal 
taken from the direct-arc furnace is 
less than 20 in., intricate castings 
are apt to be misrun; that if the 
length is more than 26 in., misruns 
do not occur, and that if the length 
is 20 to 26 in., misruns occur occa- 
sionally. These observations apply 
to normal operation in the pouring 


of miscellaneous shop castings at the 
U. S. Naval Research Laboratory, 
and the limiting values would be 
different in another foundry where 
ladle preheating, ladle capacity, 
pouring time, and other conditions 
would be different. 


Fluidity Defined 

Fluidity is the term used in this 
paper to express the ability of metal 
to flow. It is the resultant effect of 
several physical conditions which 
govern the solidification of molten 
metal as it flows in a mold. Fluidity 
is not a true physical property of the 
metal and is difficult to define ex- 
actly. 

A foundryman can express it most 
easily by means of a comparison. For 
example, metal is said to have ade- 
quate fluidity for a specific casting 
application if it flows freely through 
the gates and fills the mold com- 
pletely so that a casting is formed 
without misruns or cold shuts. 


Fluidity Evaluated. Many trouble- 
some variables would have to be 
considered if an attempt were made 
to evaluate fluidity on a truly physi- 
cal basis, as heat transfer, fluid flow, 








5 Fluidity testing of foundry alloys is a subject of importance 

to the foundry industry because it is a method which can be 
used to evalute the casting characteristics of alloys and which 
may be employed for quality control in the shop. Many inves- 
tigations on fluidity have been made but few investigators have 
employed the same test piece. An objective of the Committee 
on Fluidity Testing of the American Foundrymen's Association 
is to determine if a single, standard fluidity test which is rea- 
sonably suitable for all foundry alloys can be adopted by the 
industry so that data from many sources can be compared 
directly. Accordingly, published work on fluidity has been ap- 
praised by the author and certain recommendations are offered. 




















viscosity, mechanics of solidification, 
film formation, surface tension, gas 
evolution, and suspended non-metal- 
lic materials are operative in deter- 
mining this complex quantity. 
Acordingly, the only convenient 
method of evaluating fluidity is an 
carefully 
standardized test conditions must be 
established and rigorously repro- 
duced from test to test. Even when 
this is done, the values obtained are 
only relative and can be used only 


empirical one. ‘That is, 


by observed correlation with casting 
practice for control purposes or for 
comparison of one metal with an- 
other on an arbitrary basis. 
Often Investigated 
Many investigators have studied 
fluidity and have reported their find- 
ings in the literature of foundry 
technology. Figures 1 through 5 
illustrate some of the test pieces 
which have been used. A compre- 
hensive bibliography’ on fluidity 
of metals covering the period from 
1902 to 1935 was prepared by the 
British Iron and Steel Institute. 
The preponderance of attention 
in recent years has been given to 
ferrous alloys, and the work of British 
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investigators has been particularly 
noteworthy. These reports®® 75 76 
and other valuable contribu- 
tions on fluidity ®-®: ®-*4 79105 since 
1935 are also listed in the bibliog- 
raphy at the end of this paper. 

Thus, most of the factors concern- 
ing the condition of the metal and 
their effects upon fluidity have been 
considered at one time or another. 
The unfortunate feature of all this 
work is that many of the investiga- 
tors have adopted totally new test 
pieces or have so altered previously 
used test pieces that it is not possible 
to compare data. 

Progress usually comes from 
changes and alterations and these 
changes have served a useful pur- 
pose. However, it appears desirable 
to agree upon a standard test piece 
and testing procedure so that found- 
rymen can speak a common lan- 
guage of fluidity and can compare 
notes on the fluidity of their alloys. 
In this manner, a rational correla- 
tion between measured fluidity and 
casting practice can be made in a 
relatively short period. Adoption of 
such a standard throughout the 
foundry industry is the objective of 


the Fluidity Committee of the Ame, 
ican Foundrymen’s Associat 

It is not meant to imply that on. 
test piece and one testing procedyp, 
are necessarily best for all 
alloys, but it is believed th m 
concessions, made in the interest ¢ 
standardization, would be benef 
to the interests of all. Therefore 
this paper is written to present , 
survey and critical appraisal of pub. 
lished information concerning th 
variables of fluidity testing. 


Aspects Considered 


In the discussion of these variables 
which follows, consideration is given 
to sensitivity and reproducibility for 
laboratory tests and to simplicity for 
shop practice. Emphasis is placed 
on the requirements of fluidity tests 
for high-melting-point alloys, but 
special requirements for certain oj 
the lower-melting-point alloys are 
not overlooked. 

Ideal Conditions for Fluidity Test. 
ing. In practically all of the test 
which have been used to evaluat 
fluidity of molten metals, the sam 
basic method has been followed 
Metal is caused to flow into a chan- 
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Fig. 1—Fluidity pattern assembly (Saeger, Krynitsky). 
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Fig. 2—Spiral for fluidity test (Greaves). 
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vely small cross-sectional 
distance determined by 
which the mold extracts 
it to cause solidification 
and to stop movement 
The length of flow 
the measure of fluidity. 
‘ test, sensitivity and re- 
are necessary if the test 
1] 
r degree of sensitivity, the 
ust be designed with a 
itionship among the fac- 
rece acting to the 
ugh the flow channel, the 
of the flow channel, and 
al characteristics of the 
terial. Regardless of the 
the metal, if the proper 
the 
me instance may be forced 
the full length of the chan- 


drive 


is not obtained, 


n another, be frozen 


flowed 


may 


having an appre- 


listanee. In either extreme 
test is meaningless. 

If the fluidity test piece is de- 

for adequate sensitivity, du- 

ation of test conditions 

imits from test to test is still 


Ideally, the con- 


within 


, major problem. 





































































Es 
ae — . 
fo) } 
© a Pa | | 
G | 
: tate i “ 
of Sr = wes one | i 
a, $i a | " 4 
"ante sau,” an ~ J [ ens —__ "1 
\ P——— 350 _— 
? (B20 ce my A) ~—— 260 a 
i — * 
° 7p ¥ nm — tt el 
t+ y ¢ —_ ae B= = ‘o> 
q| | || —=— Pt hi 
| — ! 
, Te we | 
———— —— —-——~ 76 ~———_- a - 
Raccacccsmmmrercac meet 620———___....---0} 
e pattern plate. e pouring funne/ 
5 drag f connecting part 
Cc cope g guide bush 
d pattern rod h rod support 
F g 4 Sy Oo? lé 4 roy adi fern ; , j “ur > ; ) j 
” a R 4 ff 





ditions for optimum reproducibility 
are as follows: 


i. The exerted the 
metal at the point of entry to the 


force upon 


flow channel should be constant. 
2. No other 
as that of gravity, due to variations 


variable force such 
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in pouring rate or metal head, or of 
expanding gases should be imposed 


upon the metal during its period 


ol flow. 

». The conditions of heat trans- 
ler must remain constant from test 
to test. 


In practice these ideals are diffi- 
cult to attain and some compromise 
must be made. These compromises 


are discussed in the paragraphs 


which follow. 

Shape and 
Flow Channel. 
investigations on fluidity, West! used 


of the 


In one of the earliest 


Dimensions 


a casting in the form of an elongated 
wedge. This type of test casting is 
still used in some foundries. How- 
ever, most of the reported data were 
obtained by the employment of flow 
channels with uniform shapes and 
dimensions throughout their lengths. 
Square, rectangular, circular, half- 
circular and trapezoidal sections 
have been used. 


General Indications 
of a 
fluidity test is mainly relative, it ap- 


Since the practical value 


pears that the cross-sectional shape 
makes little difference except for the 
ease with which the pattern is mold- 
ed. From this standpoint, a circular 
section is not satisfactory. Unless a 
straight rod is used, a circular sec- 
tion must be molded with a parting 
line and the danger of mismatches 
is always present. 

Because the complete impression 
of the flow channel can be made in 
one-half of the mold, and because 
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Fig. 5—Fluidity spiral test piece (Taylor, Rominski, and Briggs) 








of the ease with which the pattern 
may be drawn from the sand, a half- 
round or trapezoidal section is be- 
lieved to be most practical for the 
flow channel. 


Dimensional Variations 

Cross-sectional dimensions of the 
flow channel can be varied within 
certain limits in accordance with the 
height of the down gate and the 
thermal characteristics of the mold- 
ing material. Saeger and Krynitsky** 
used a rounded, trapezoidal flow 
channel with an area of approxi- 
mately 1/12 sq. in. The approxi- 
mate cross-sectional area of the flow 
channel used by Andrew, Percival 
and Bottomley® is 1/11 sq. in. 
Ruff’s® channel is circular and has 
a cross-sectional area of approxi- 
mately 1/30 sq. in. 

Taylor, Rominski and _ Briggs*® 
made their tests with a flow channel 
having a rounded, trapezoidal shape 
and an area of approximately 1/7 
sq. in. Greaves"® also used a round- 
ed, trapezoidal flow channel with a 
cross-sectional area of approximate- 
ly 1/9 sq. in. Although the fore- 
going investigators made their studies 
upon ferrous alloys in sand molds, it 
has been reported to the writer that 
satisfactory fluidity tests have also 
been made upon aluminum and 
copper-base alloys with the test piece 





of Taylor, Rominski and Briggs. 

Ruff® did not use the fluidity 
test proposed by Saeger and Kryn- 
itsky** because he believed that the 
flow channel was too large to avoid 
turbulent flow of the metal. Whether 
or not turbulent flow is deleterious 
to the test is debatable. However, 
in view of the apparently satisfac- 
tory results of several investigators 
who used the larger flow channels, 
it is believed desirable to establish 
the cross-sectional area of a standard 
fluidity test channel between 1/12 
and 1/7 sq. in. 

Length of the flow channel must 
be such that solidification of the 
most fluid metal to be tested occurs 
before the stream reaches the full 
length of the cavity. This, in turn, 
is determined by the cross-sectional 
area of the flow channel and by 
other factors which have been stated 
previously, namely, the thermal na- 
ture of the mold material and the 
pressure head exerted upon the 
metal. 

Of the test pieces mentioned in 
connection with the discussion of 
the cross-sectional area of flow chan- 
nel, those used by Saeger and Kryn- 
itsky**, Greaves®*, and Taylor, Rom- 
inski and Briggs*® are all approxi- 
mately 60 in. long. That used by 
Ruff® is approximately 24 in. long. 


If the recommendations re. irdjp, 
cross-sectional area are to fol. 
lowed, it would appear nece: «ary +, 


establish a length of flow inne 
of approximately 60 in. 
Spiral Flow Channels vs. §‘;ajoh; 


Flow Channels. In most of test 
pieces designed for measurement 9! 
fluidity a spiral configuration of tl, 
flow channel has been adopted {o 
reasons of simplicity in molding 


Ruff® used a straight flow channe 
but the length is relatively short, 24 
in. as compared with a length 
approximately 60 in. for the othe; 
test pieces which have been men. 
tioned. 

Molding Errors 

If the test piece is to be molded 
in a two-part flask, it is almost essen. 
tial that the pattern be mounted on 
a board. Obviously, if the board i 
more than 60 in. long, as is required 
when the previously recommended 
flow channels are made straight 
much more opportunity exists for 
distortion during handling and stor- 
age of the pattern or during ram- 
ming of the sand than if the flow 
channel is formed as a spiral. 

Even though the cross-sectional 
dimensions are assumed to be as 
large as Y2x¥% in., a distortion of 
the board of as little as 0.025 in 
causes a variation of 5 per cent in 
the cross-sectional area. Surely, if 
only one condition of the test is sub- 
ject to errors of this order, close 
control of other unavoidable errors 
would not be sufficient to make the 
test reproducible within reasonable 
limits. 

Another point in favor of the 
spiral tlow channel is the matter o! 
levelling of the mold. In any labora- 
tory determination where the highest 
precision is desirable, test molds 
should be levelled carefully, regard- 
less of the design of the mold. How- 
ever, for quality control in the shop, 
it appears desirable to make the test 
as insensitive to levelling as possible 
In a case where one or more turns 
of the spiral are filled with molten 
steel, variations in pressure head 
caused by a slight inclination of the 
mold may be very nearly self-com- 
pensated. 

For control purposes at the \. 5 
Naval Research Laboratory, t! 
spiral-type fluidity mold is levelled 
only by sight. It is placed upon 4 
thin layer of sand in the bottom of 
a wheelbarrow. When it is desi» ole 
to make a fluidity test, the mo ' 
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to a convenient position 
ured without further prep- 
This freedom would not be 
f a test piece with a straight 
nel were employed. 
advantages of the spiral 
nel are that standard flask 
nt may be used and the 


small enough to be handled 


| il of the Mold for Fluidity 
Z Several of the arguments 
in the foregoing paragraphs 
en made on the assumption 
t} reen sand is the most desirable 
medium. This point de- 

ome discussion. 
I hoice is to be made between 
a permanent mold of cast iron or 
steel and a sand mold for fluidity 
testing, there appears to be little 
room for argument. Permanent 
molds have the one advantage of 
offering a better opportunity for con- 
of dimensions of the flow 
channel. However, if scaling and 
pitting from repeated use are to be 
avoided when_high-melting-point 
alloys are tested in the mold, a mold 


dressing must be applied. 


stancy 


Effect of Dressings 

Since heat is carried away rapidly 
by a metallic mold, variation in the 
thermal characteristics of the dress- 
ing causes a profound effect upon 
the time necessary to extract enough 
heat from the flowing metal to cause 
t to solidify, and therefore upon 
the indicated fluidity. Moreover, the 
presence of any gas-forming material 
in a mold dressing is a probable 
cause of erroneous test results since 
mold has no perme- 
ability and entrapped gas causes un- 
predictable retardation or acceler- 
ation of the metal flow. 


a permanent 


rhe choice between green and dry 
sand molds or baked core-sand as- 
semblies is more difficult to make. 
An obvious difficulty with core as- 
semblies is warpage of one-half of 
the mold in relation to the other 
half which occurs during baking. 
Unless the cores are baked as as- 
sembled in supporting frames which 
are retained in position until the test 
mold has been used, this warpage 

pt to cause “run-outs” and un- 
reliable test results. 

Such difficulties are not experi- 
enced in the use of straight flow 
nnels if corrosion - resistant 
‘straight rods are baked in the sand 
anc are removed later, as was done 


by Kron and Lorig’® who used a 
modification of Ruff’s method for 
their fluidity studies. 

Green sand molds are more eco- 
nomical than baked sand molds, and 
several investigators have expressed 
the view that they are entirely satis- 
factory if certain precautions are 
observed. First, the bond strength 
of the sand must be adequate so that 
sand is not eroded by the flowing 
metal. Second, the sand must be 
sufficiently permeable so that the 
steam formed by the rapid heating 
of the water in the molding sand can 
escape easily to the atmosphere and 
does not cause pressure to be exerted 
upon the metal. 

Sand Moisture Content 

In this connection, it is deemed 
advisable to provide an ample vent 
at the end of the flow channel as a 
factor of safety to prevent the de- 
velopment of gas pressure ahead of 
the flowing metal. Whether or not 
normal variations in the moisture 
content of a sand have appreciable 
effects upon the chilling action of 
the mold has been considered by 
several investigators. Curry** report- 
ed that variations of from 3 to 7 
per cent appeared to make little dif- 
ference in the measured fluidity. 

Some differences were ascribed to 
variations of the 
of the molding sand by Saeger and 
Krynitsky”*. 

Greaves® stated that moisture 
content of the sand seems to have 
little effect upon chilling of the 
metal unless it has flowed over a 
considerable area of the mold cavity 
Taylor, Rominski and Briggs** found 
no significant differences in fluidity 
as the moisture content of the sand 
was changed. 

If one is inclined to prefer a baked 
sand mold on the basis of freedom 
from moisture, the possibility of 
water absorption during storage 
should not be overlooked; Berger®* 
summarized the situation in this re- 
gard by saying that it is easier to 
keep the moisture of green sand 
constant than to maintain dryness 
of cores and dried sand molds. 

Ruff* conducted a study of metal 
flow in narrow channels to deter- 
mine the effect of surface conditions 
of the mold cavity. For purposes of 
standardization of the fluidity test, 
a detailed treatment of these factors 
does not seem necessary. However, 
it appears desirable, for the sake of 
uniformity, to specify the grain size 


moisture content 


4] 










of the sand within narrow limits 
Silica sand with an A.F.A. grain 
size number of 80 +5 should be 


it does not contain ab- 
quantities of silt 


suitable if 
and so 
bonded that the permeability is not 
less than 75 by the A.F.A 
ability tesé. 


normal 
perme- 


Temperature of Mold. The rate 
of heat flow from the metal varies 
with the initial temperature of the 
fluidity mold and it is to be expected 
that fluidity 
also vary with the temperature of 
the mold. However, Courty®’ has 
shown that fluidity values of alumi- 
num-base alloys determined in cast 


measurements would 


’ 


iron molds are not increased appre- 
ciably even though the molds are 
heated considerably above that tem- 
which 
from climatic variations 
Therefore, it is necessary 
to specify only that the standard 


perature can be expected 
(Fig. 6). 


believed 


fluidity test mold be at room tem- 
perature at the time of test. 


Gating Methods. Ideally, the sys- 
tem of gating should be so designed 
that metal is available at the entry 
of the flow channel under a constant 
head 


ciable inertia 


pressure and without appre 
Such an ideal could 
be achieved only by having a reser- 
voir of liquid immediately adjacent 
to the flow channel with a quick- 
opening valve at the point of its 
entry, and by having provision for 
maintenance of a constant pressure 
head on the 
operation of a quick-opening valve 


reservoir. Successful 


in molten metal at this position in 


Fig. 6 
alloy vs. mold temperature (Courty) 
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Table 1—S piral tests of steel and malleable cast iron for different gates (Ruff ). 


the mold is a practical impossibility. 
Therefore, ideal gating conditions 
must be -approached as nearly as 
possible by other means. 

Ruff’ conducted some experi- 
ments in which several details of 
gating were varied simultaneously. 
Table 1, taken from his paper, is 
reproduced here. His test results in- 
dicate that a horn gate is not suit- 
able for introduction of steel into 
the flcw channel. 

Carapella and Shaw’ were also 
concerned about the influence of a 
horn gate upon fluidity tests con- 
ducted with magnesium alloys. They 
have reported that better sensitivity 
was obtained by replacing the horn 
gate with a vertical down gate cen- 
tered over a small basin from which 
entry to the flow channel was made. 


Metal Flow 


The cross-sectional area of the 
sprue must be considerably larger 
than that of the flow channel. In 
this way, the velocity of the metal 
is low before it enters the channel 
and turbulence is avoided to some 
extent. It has been shown by Cour- 
ty®® that less than one second is re- 
quired for a aluminum-silicon alloy 
to run 50 cm. in a chill mold con- 
taining a spiral flow channel with 
a cross-sectional area of approxi- 
mately 1/12 sq. in. 


Although the duration of flow is 
probably somewhat longer in a sand 
mold, it is still short enough to re- 
quire that the sprue be filled as 
rapidly as possible after pouring is 
started. In the absence of a valve 





mechanism, the pressure head caus- 
ing flow varies during sprue filling. 

Therefore, if the sprue is com- 
paratively small so that it is filled 
quickly, inconsistencies in test re- 
sults from this cause are held to a 
minimum. It is recommended that 
the ratio of cross-sectional areas of 
down ‘gate to flow channel be ap- 
proximately six to one, although it 
is recognized that the ratio can be 
changed somewhat from this value 
without affecting the test percepti- 
bly. 

From Ruff’s® work and that of 
other investigators, it is apparent 
that a large basin at the bottom of 
the down gate has no useful purpose 
in fluidity testing. It seems desirable 
only to have an enlargement of the 
sprue as a part of the channel pat- 
tern to prevent a mismatch when 
the sprue is molded. 

Pressure Head. If the variations 
of the pressure head which occur 
during filling of the sprue be neglect- 
ed and if it be considered that the 
sprue is kept exactly full during the 
period of test, the force acting to 
cause flow in the channel is deter- 
mined by the height of the sprue 
and by the density of the metal. 
After the dimensions of the flow 
channel and the material of the 
mold have been selected, the height 
of the sprue must be fixed within 
certain limits so that the test is rea- 
sonably sensitive and even the most 
fluid metals which may be encoun- 
tered will not flow completely 
through the channel. 

For example, from Ruff’s® pre- 
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A 


liminary experiments with § 


and Krynitsky’s** test piece ble 
1), it is apparent that the leng:} of 
spiral was not sufficient with meth. 


ods of gating D and E. Even with 
methods B and C, the malleable 
iron flowed very nearly to th 

of the 60-in. (1525-mm.) 
Under these conditions, the test js 
not satisfactory. 


Height of Sprue 
The sprue should be short fo; 


convenience of molding and for pre- 
vention of sand erosion and _tur- 
bulence of the metal. It is recom. 
mended that the height of the effec- 
tive head be established within th 
range of 1 to 24% in. if sand mold: 
are used with flow channels having 
dimensions within the limits previ- 
ously recommended. 

All of the investigators who used 
flow channels of that approximate 
size also used pressure heads within 
these limits except Greaves®®. He 
employed a sprue approximately 6 
in. high, but did not make any pro- 
vision for the maintenance of a rela- 
tively constant pressure head. 

From a comparison of the den- 
sities of aluminum and magnesium 
with those of iron-base and copper- 
base alloys the question of the neces- 
sity for changing the height of the 
sprue is raised if one standard test 
piece is to be applicable to all alloys 
Density is less effective in changing 
the conditions of test than might be 
expected. 

Carapella and Shaw’ used a test 
piece for measuring the fluidity of 
magnesium alloys which is similar 
to that developed by Saeger and 
Krynitsky** except that they substi- 
tuted a simple sprue for the horn 
gate. Detailed dimensions are not 
given in their paper, but the effec- 
tive height of the sprue is apparent- 
ly unaltered. However, their plotted 
data indicate that the test is both 
sensitive and reproducible. Further, 
as has been stated, it is known by 
the writer that the test piece de- 
signed by Taylor, Rominski and 
Briggs*® has been used satisfactorily 
for the measurement of fluidity of 
aluminum alloys. 

Pouring Basins and Overflow. \t 
is recommended that a pouring basin 
be provided in the standard fluicity 
test mold for two reasons. First, ‘ie 
kinetic energy of the metal being 
poured is largely dissipated in ‘1¢ 
pouring basin before it enters | \¢ 
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K K 43 
nd, a pouring basin is sure head is kept constant within vestigators who have worked with 
4 location for tempera- the limits set by the difference be- irons and steels have given attention 
“g ment of the metal in tween the two discharge levels. The to skimming devices 
¥. sts. The second reason shortest interval between discharge However, if the intention of speci- 
rd . - : ° 
a ussed in a subsequent levels in any of the work reported fying a standard fluidity test for all 

this paper on measure- is ¥% in., which is the distance em- of the commonly cast metals is to 
® ye temperature of the ployed by Andrew, Percival and be realized, it appears essential that 
i Bottomley®’, and Taylor, Rominski some means be provided in the gat- 
Bi nergy Dissipation and Briggs**®. The latter test mold ing system to prevent floating, non- 
“ ae -dity has been used widely enough to in- metallic material from entering the 

nvestigators of fluidity ‘ ; age Malet ; 

3 : dicate that this dimension is ample flow channel. 

nt elaborate precautions to ‘ : 

“ me ygite ; : although it obviously could not be 

i e kinetic energy of the Ny Strainer Cores 

4 tease! much less than % in. 
: poured before it enters ee 

a x ; If the amount of metal to be used A strainer core can be inserted 
5 A clever device which pm 

ke . for a fluidity test is to be kept rea- in the sprue in the manner employed 
< ped for this purpose is : ae 
F - " sonably small, the pouring basin can by Curry*? and others. However, 
by Courty”® who measured ' aw , 

: . not be large. However, from the unless the openings through the core 
m tho f ty of aluminum alloys in Pai, Sg spe gs , at 

; See ee a standpoint of dissipation of kinetic have a total cross-sectional area 
< old shown in Fig. 7. The : a 
F . : energy of the meta! being poured, which is sufficient to allow rapid 
% - toppered by means of two PY. - i be ee . ~~ . 

4 = a ae , it is desirable to empivy a fairly filling of the sprue, it is believed that 
te d plugs. The time oi melt- ; Sag , oh st: 

G large basin. Moreover, it is essential some of the reproducibility of the 
™ ing of the plugs is regulated by the ; ' ” . 
oe ing that the pouring basin be larger test is lost. Since the core must have 
hk , than a certain minimum size so that some strength and, therefore, be 
ey Since lead has a much higher os . th 
cs temperature measurements can be relatively large in comparison with 
5 than aluminum, and since : e ; ‘ ; ‘el 

3 ' ’ taken therein. Size of the pouring the total area of the openings, the 
3 tals have practically no solu- tag ope , : :; 

| ‘ basin is discussed further in the sec- cross-sectional area of the sprue 
a for each other, the lead col- ‘ Pgs pie 

; tion on temperature measurement. must be considerably larger above 
™ lects on the bottom of the compara- ; : . 

PA . Skimmers. It is well known that the core than below it. 

- tiv irge basin below the sprue “on : 

ES a . , . the presence of slag and dross has Cherefore, the sprue fills to a con- 
By | does not interfere with the test. a. a 

- . . : . a pronounced effect upon the ap- stant level less rapidly with a strainer 
™ This arrangement is well designed “gr on : 
5 ae : parent fluidity of a metal. The effect core than without it, even though 
= the intended use. However, it : ." ey» ; 

. is more noticeable with some non- no constriction is caused by it. More- 
: d not be considered for a stand- ' as 

= . ferrous alloys than with iron-base over, the core acts to chill the metal 
a fluidity test because it does not : ae tee 

ft . . alloys. Accordingly, few of the in- somewhat, and it is desirable to keep 
a ear practical for alloys with high ' ai 

a lting points and is too complex 

a as a quality-control test in : a oo ; 

_ | ; Fig. 7—Fluidity mold incorporating fusible stoppers in sprue (Courty 

m the shop 

‘ Some investigators of fluidity have ——$— 


ured metal directly into the sprue 
m of the test mold. This practice does 

t seem to be desirable because the 
kinetic energy of the metal being 
poured is transmitted directly to that 
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ntering the flow channel. More- 

wer, it is apt to cause excessive and = | 
incontrolled turbulence. If the test 

ere to be reasonably reproducible 

inder these conditions, metal would 120 | 20 | 201 20 | 

have to be poured from exactly the - 7 





| ULI. Ty 
height and at exactly the same -$ WX AGG a 

rate, each time. ~*< SS 
These variables are difficult to 
mtrol and it is advisable to follow 
the methods employed by a number ' 
{ the more recent investigators, | 
to design the test mold with 
ouring basin which discharges 
he sprue at a fixed height above 
the plane of the flow channel and 
which overflows into another basin 
at all, fixed height above the 

pl entry to the sprue. 
if a high rate of pouring 
employed so that the sprue fills 
and remains filled, the pres- 















































Fig. 8 


the chilling action to a minimum. 

Since it has been recommended 
that a pouring basin be made in the 
mold, a modification of the skim- 
ming device used by Mott, Schaefer 
and Cook’ is believed to be satis- 
factory for skimming dross and slag 
from the metal. A photograph of 
a fluidity casting, taken from their 
report, is reproduced in Fig. 8. The 
suggested modification is that the 
section between the skimmer and the 
sprue be reduced to allow it to fill 
more completely before metal enters 
the sprue. 

Temperature Measurement and 
Transfer of Metal to Test Mold. For 
fluidity testing in the laboratory, 
accurate measurement of the true 
temperature of the metal is an im- 
portant part of the procedure be- 
cause temperature has such a pro- 
found effect upon fluidity irrespec- 
tive of other conditions which may 
alter it. Some of the inconsistencies 
in reported data probably are due 
to errors of temperature measure- 
ment. Even if the temperature of 
the metal is measured accurately in 
the furnace or in the ladle before 
the sample is poured into the mold, 
the metal can be chilled consider- 
ably as it is transferred. 

For example, if metal is poured 
directly from a crucible or lip-pour 
ladle, the pouring lip may be at any 
temperature within a wide range 
depending upon a number of con- 
ditions; if the metal is dipped with 





Cast pair of spirals (Mott, Schaefer, and Cook). 


a sampling spoon, the chilling effect 
of the spoon is dependent upon its 
mass, the degree of preheat, and the 
time required for the transfer. Thus, 
for laboratory tests, it is desirable 
to measure temperature of the metal 
in the fluidity mold itself 


Temperature Measurement Technique 

Mott, Schaefer and Cook’ have 
used a method which appears to be 
reliable. Their technique is to place 
the hot junction of a platinum, plati- 
num-rhodium thermocouple in the 
pouring basin of the mold, Figs. 8 
and 9, so that the temperature of 
the metal can be taken just before 
it enters the sprue. For this tech- 
nique to be successful it is required 
that the couple respond rapidly and 
the indicator or recorder be equally 
responsive. 

These investigators used a spot- 
welded couple with the junction no 
larger than the elements. This couple 
was pulled through a single-bore, 
fused-silica sheath with thin walls so 
that the thermal lag was not more 
than 4 or 5 sec. A rapidly respond- 
ing indicator was used with the 
couple. It is necessary to have metal 
flowing into the pouring basin for a 
period which is long enough for the 
couple to respond to the true tem- 
perature of the metal before it enters 
the sprue. 

This condition can be controlled 
by establishing suitable dimensions 
for the pouring basin and by regu- 
lating the rate of pouring with a 
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Mott, Schas 


pouring cup. 
Cook used a pouring basi: 
is roughly cubical in shape 
length of each edge being 
mately 412 in. 

Temperature measurem: 
not required for quality-cont 
of fluidity in the shop. It s! 
emphasized again that us 
formation can be gained f; 
type of fluidity testing only 
relation of test results with « 
tions of fluid performance 
metal on the casting floor fi 
shop. 

Therefore, the important t! 
be observed in shop practice 
the metal is transferred to tl! 
mold in exactly the same man: 
for each test. For example, the p: 
cedure at the U. S. Naval Researct 
Laboratory for making fluidity test: 
of steel in the arc-furnace for 
trol purposes is as follows: 

1. The bath is rabbled just befor 
a sample is taken. 

2. A 10-lb. sampling spoon, initi- 
ally dry and at room temperatur 
is slagged for a period of 10 se 
the melter counts, “one-thousand 
and one, one-thousand and tw 


etc.” 

3. A spoonful of metal is dipped 
from a fixed position with respect 
to the electrodes and is withdraw: 
quickly, but not hurriedly, from th 
furnace. 

4. The metal is deoxidized wit! 
a strip of aluminum unless the 


Fig. 9—Mold and thermocouple a- 


sembly prepared for pouring (Mott 
Schaefer, and Cook). 
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have been made to the 
prior to time of the test. 
spoon is inverted just 
pouring cup which is cen- 
r the pouring basin. The 
deviation from the standard 
e for steps 3, 4, and 5 is 
nately 3 sec. 
pling from Bottom-Pour 
When it is desirable to make 
tests from a bottom-pouring 
ome provision must be made 
with the extraordinary force 
metal as it comes from the 
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Investigations 

Kron and Lorig’® developed a test 

d with which they were able to 

ir fluidity tests from a bottom- 
pouring ladle containing 27 tons of 

| (Fig. 10). The flow channel 
of this mold is a modification of that 
developed by Ruff. Only a few tests 
were made with the mold and the 
data are insufficient to support a 
recommendation for its adoption. 

Taylor, Rominski and Briggs al- 
tered the pouring basin of their 
laboratory test mold and placed a 
bafle core be tween the pouring 
basin and the sprue so that samples 
of steel could be taken from a bot- 
tom-pouring ladle. Other details are 
the same as those of the test piece 
for laboratory work or tests on the 


melting floor where a sampling spoon 
is used to transfer the metal to the 
mold. A photograph of the pattern 
for this test mold is shown in Fig. 11. 
Satisfactory tests were obtained with 
the large test piece and it is believed 
to be generally acceptable for use 
with a bottom-pouring ladle. 

Shop Tests vs. Laboratory Tests. 
The idea has been emphasized that 
one well designed test piece should 
be suitable for both shop tests and 
laboratory tests of fluidity. The flow 
channel, sprue, and pressure head 
of molten steel should be identical 
in all cases. However, for the pour- 
ing basin, two or possibly three de- 
signs are necessary because of the 
differences in requirements of pour- 
ing methods. 

For laboratory tests, the pouring 
basin must be sufficiently large so 
that accurate temperature measure- 
ments can be made of the metal as 
it enters the mold. The pouring 
basin of a mold which is to receive 
metal from a bottom-pouring ladle 
should also be large. By contrast, a 
smaller pouring basin is required for 
shop tests if metal is to be removed 
from a furnace with a sampling 
spoon. 

It is not suggested that shop tests 
can be made with the same control 
and care with which a laboratory 
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Fic. 10—Detail drawing of experimental mold used to determine the flow- 
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test is conducted. However, it is be- 
lieved that the results of fluidity 
testing obtained from molds having 
the same pressure head of molten 
metal, flow channel and sprue, al- 
though with pouring basins suffi- 
ciently different in design to satisfy 
the requirements stated, would be 
sufhicently comparable so that oper- 
ating and laboratory personnel could 
information and improve 
benefit of the in- 


exchange 
practice 
dustry. 


for the 


Summary of Recommendations 

A review of available information 
indicates that a standard fluidity test 
piece should have design details and 
provisions for operation similar to 
the following: 

Flow Channel. 

Half-circular or trapezoidal cross- 
section. 

Cross-sectional area should be 
established at some value within the 
range of 1/12 to 1/7 sq. 

Length of approximately 60 in 

Spiral configuration with a vent 
at the end. 

Mold Material. 

Green sand without a mold wash 

A.F.A. grain size of 80 + 5 

Minimum A.F.A. permeability of 
75. 
Gating Arrangement. 

Vertical sprue with a cross-sec- 
tional area approximately six time: 
that of the flow channel. 

Receiving well at the base of the 
sprue only slightly larger in diameter 
than the sprue. 

Pressure Head. 

Exact distance established within 
the range of 1 to 2 from plane 
of discharge from pouring basin to 
sprue. 

Variation regulated to % in. by 
discharge levels from pouring basin. 
Pouring Basin. 

At least two designs are necessary. 

One should be sufficiently large to 
dissipate kinetic energy of metal be- 
ing taken from a_ bottom-pouring 
ladle and to allow response of pyro- 
metric equipment for temperature 
measurement in laboratory tests. 

Other basin should be small enough 
so that the sample can be taken 
with a spoon. 

Provided with an overflow to 
maintain a constant pressure head 
within the limits mentioned. 


Skimmers. 
Baffle core placed between pour- 
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Pattern for large fluidity test prece 
right) individual parts separated by glass plate (Taylor, 


(left) spaced properly for ram- 


Rominski, and Briggs). 


ing basin and sprue to skim non- 
metallic material from metal enter- 
ing sprue. 
Temperature Measurement for 
Laboratory Tests. 

Lightly sheathed platinum, plati- 
num-rhodium thermocouple inserted 
in pouring basin. 

High-speed indicator or recorder 
used. 

Fluidity Sampling from Bottom- 
Pour Ladles. 

Mold designed so that all details 
except pouring basin are the same 
as the test mold for samples taken 
with spoons or from lip-pour ladles. 
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* Official Exchange Paper of the Institute of 
Australian Foundrymen presented at the Fiftieth 
Anrual Convention of the American Foundry- 
men's Association, May 10, 1946, in Cleveland. 
In this paper the author presents fundamental 





Brunswick, Melbourne, Australia concepts of the physical metallurgy of Man- 
ganese Bronze. 
— 
rr HE alloys known as manganese In addition to copper and zinc, “Alloys of copper and tin or zinc, 
| bronze may, as a first approxi- aluminum, iron and manganese are or both may be rendered more ho- 


na regarded as derivatives of 
58 per cent copper, 42 per cent zinc 
ass, Alloying elements may be alu- 
im, iron, manganese, tin, nickel 

ad. It, therefore 
bronzes 


becomes 
are 
ternatively known as special 


clear why manganese 
brasses, high tensile strength brasses 
ind mangenese brasses—on account 
f their high zinc content. 

However, the manganese 
bronze has also been applied to other 


1 
OVS, ¢ 


name 


g. alloys of copper and man- 


ganese and the high tin bronzes to 
which was added iron and manga- 


containing 4 per cent man- 


nese. These latter alloys will have 
reference made to them in 
Again some al- 
loys referred to as manganese bronze 


4s] 
irther 


iul 


the historical note. 


contain little or no manganese. 


Chemical Composition 
Today, the 
langanese bronze are represented 


hemical composition by the fol- 


alloys referred to as 


n ¢ 
owing broad specifications which, 
the the 
constituents and their approximate 
amounts, really furnish 
specific information on the compo- 
‘ition required to produce alloys of 
juired mechanical properties. 
Here then is the general range of 
ition: 


while it name of 


conveys 


does not 


Composition 
ent Per Cent 
pet 55-65 
\luminum 0.2-5.0 
0.2-3.0 
Trace -3.5 
1.5 max. 
el 0-4.5 
0-1.5 
Balance 


ganese 





almost invariably present and when 
improved resistance to corrosion is 
required, e.g. resistance to sea water, 
tin is an essential alloying ingredient. 
In microstructure, two groups are 
recognized, the duplex alpha and 
beta with iron-zinc compounds and 
the essentially beta alloys with iron- 


rich compounds. 


Historical Notes 

Credit is due to P. M. Parsons for 
the invention or discovery of man- 
ganese bronze. 

As a starting point in the history 
of these alloys it is noted that iron 
had been added to brass since early 
probably in many cases its 
inclusion was accidental. In 1779, 
Keir suggested a brass containing 
3 per cent iron, and later two alloys 
known as Aitchs Metal and Sterro- 
metal introduced, but 
while it was known to have a hard- 
ening and strengthening effect on 
copper-base alloys, had the disad- 
vantage that it decreased the duc- 
tility. 


times 


were iron, 


Some beneficial effects ob- 
tained by the introduction of man- 
ganese instead of iron using a cupro- 
manganese obtained by reducing 
pyrolusite (manganese dioxide) in 
the presence of copper. No doubt 
the beneficial effects were due to the 
manganese functioning as a deoxi 


were 


diser. 

In 1876 P. M. Parsons added iron 
and manganese to copper-base alloys 
for which he was granted British 
Patent No. 482. The following sen 
tence from it, is a more or less con- 
cise summary of the patent. 





mogeneous, closer in texture, harder 
and stronger by adding a proportion 
of ferromanganese, spiegeleisen or 


other carburet of iron containing 
manganese.” 


Now 


shows that the subject matter of the 


examination of the above 


patent could, for convenience be 
divided into two groups each con- 
taining iron and manganese: 

1. Those containing zinc very 
much in excess of tin. 

2. Those containing practically 
copper and tin, the latter being of 
the order 8-10 per cent. 

It was that the 
manganese brasses, that is group (1) 
were entirely unsuitable for sand 
castings. They could only be cast 
into metal molds from which very 
satisfactory mechanically worked 


products could be produced. 


soon discovered 


Marine Applications 

The manganese bronzes or group 
2) could be readily cast into sand 
and became widely used. Thus the 
first vessel to have manganese bronze 
fittings was the S.S. Gleneagles 
which in 1877 had babbitted bear- 
ing brasses of copper, tin, manga- 
nese, iron alloy fitted to the engine. 

In 1879 a comprehensive range of 
and manganese 
brass products including rolled 
sheets, forgings, rods, wire, castings 
for high pressure work and a cy- 
cloidal propellor for a torpedo boat 
were exhibited before the Institution 
of Civil Engineers at South Ken- 
sington Museum. 

The first naval vessel to be fitted 
with a manganese bronze propellor 


was H.M.S. Colossus. 


manganese bronze 


This was in 
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1879 and in 1881 the S.S. Garth 
Castle of the mercantile marine, un- 
derwent trials with a manganese 
propellor. Results were so success- 
ful that two months later, manga- 
nese bronze superseded gunmetal for 
all future propellors for the British 
Admiralty. 


Now as the copper-zinc-iron-man- 





ganese alloy could not be satisfac- 
torily sand cast, it may be assumed 
without incurring great error that 
the early manganese bronze propel- 
lors were essentially an alloy of cop- 
per, tin, iron and manganese and on 
account of their high-tin content 
their good performances in sea water 
were to be expected. 

The copper-zinc -iron-manganese 
alloys were again investizated from 
the aspect of sand casting them, no 
doubt economic considerations were 
of sufficient importance to prompt 
this as the high tin alloys contained 
tin which is more costly than zinc 
and their copper content was higher 
than the zinc-bearing alloys. 

In 1888 Parsons was granted a 
second British Patent which covered 
the addition of aluminum to the al- 
loys described in his previous patent 
so the manganese bronze became an 
alloy of copper, zinc, aluminum, iron 
and manganese—which is in general 
use today. 


American Patents 

In America, Parsons took out a 
patent in 1878. This was a duplicate 
of his early patent covering the ad- 
dition of iron and manganese to 
copper base alloys and he appar- 
ently overlooked patenting the addi- 
tion of manganese to the alloys. In 
America in 1879 Cowles was granted 
a patent for the addition of alu- 
minum to these alloys. 

The B. H. Cramp Co. of Philadel- 
phia marketed a series of alloys in 
1890 known as Vesuvius Metals. 
They were of the Manganese Bronze 
type and while they obtained some 
good results, the compositions as a 
whole were apparently not suitable 
as they were abandoned. In 1893 
the same Company obtained from 
the Manganese Bronze and Brass 
Co. in England, of which Company, 
Parsons was the founder, the exclu- 
sive right to manufacture manga- 
nese bronze in America. 

From then onward, there does not 
appear to have been any major set 
backs, but as may be expected in the 
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Table 1 
ALLoys—BritisH Spec. 208—5 CLassEs 
Alloy in fer cent 
or Property ] 2 3 f 
Copper 54 54 54 54 54 
lin Total Total Total Total I 
Manganese 5 max 5 max 5 max. 10 max l 
Iron = . 
Aluminum Indiv Indiv. Indiv. Indiv. Ir 
Nickel 3} max } max. 3 max. 3 max. 5 
Lead (max 0.5 0.50 0.50 0.50 
Zinc Balance Balance Balance Balance Ba 
0.15 per cent Proof 
Strength, psi. 26,900 33,600 39,200 44.800 5¢ 
Ultimate Strength, 
psi 62,700 71,700 76,200 85,100 101 
Elongation, per cent 25 18 15 15 
| 





case of a new miulticomponent al- 
loy, there soon appeared numerous 
alloys differing in minor points of 
composition but for which their 
sponsors claimed major improve- 
ments in physical properties. How- 
ever, by 1914 compositions were, to 
some degree sorted out and reduced 


to a few standard ones. 


Commercial Casting Alloys 

The casting alloys are divided into 
two classes 

1. Tin-bearing 

2. Tin-free 
Although the general statement of 
the specification covering these al- 
loys does make provision for the tin 
bearing alloys, it has been thought 
better to divide them as indicated. 
Of the tin bearing alloys that most 
widely cast appears to be Admiralty 


Propellor Brass or BS. STA. 7- 


C.X. 3. Its composition and me- 

chanical properties are as follows: 
Element Per Cent 
Copper Aen ae See siesdene 
Tin . ; ' waeeeO. 721.4 
Aluminum 0.05-0.5 
Iron ..0.5-1.5 
Manganese - 0.05-0.5 
Lead — ..0.2 max. 
Nickel 0.2 max. 
Zinc equivalent 46 max. 
Property Value 
Yield Point, psi............... ..35,840 
Ultimate Strength, psi... 73,920 


Elongation in 2 in., per cent....15 


The tin-free alloys or more cor- 
rectly, the alloys usually cast free of 
tin are covered by British Specifica- 
tion 208 of which there are five 
classes. Composition is not stated 
precisely, but certain limits and 
sums of alloying elements are speci- 
fied. Details are given in Table 1. 


The selection of the individus 
loying elements mentioned, tin. ma 
ganese, iron, aluminum and _ nick 
is left to the manufacturer. Hi 
however, obliged to state the or 
he is using. 

Some Detailed Com positions 
Mechanical Properties. At this stag 
it is intended to set out the compo- 
sition of some alloys of nominat 
mechanical properties. It has bee 
thought advantageous to do this a 
this stage so that readers may hav 
something more concrete to con- 
sider rather than generalities. 

Subsequently, the relationship o! 
amount of alloying elements t 
structure and properties will be dis- 
cussed at some length. Timms ha: 
listed the composition and mechani 
cal properties of a series of alloy: 
They are shown in Table 2. 

The mechanical properties 
claimed are minimum figures. Tab! 
2 does not, by any means, cover th 
range of all the casting alloys 


Alloy Constitution 

The Problem of Constitution. | 
general, there are three qualities 0! 
perhaps more, generally groups ©! 
qualities of an alloy about which 
information is required. They are 

Chemical Composition. This ma) 
be determined by chemical analysis, 
the amount and kind of alloyim 
elements are determined. 

Physical Properties. Determina- 
tion of these is effected by tests o 
the metal made with the aid of 
struments designed for the purpose 
For example, the mechanical! 
erties, “yield point,” ultimate 
strength, and ductility are 
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[ Table 2 
COMPOSITION AND MECHANICAL PROPERTIES OF SOM! 
| Copper-BAsE ALLOYS 
per cent 
her 1 2 ; 4 ) 6 7 
58.4 58.7 58.7 59.75 59.0 62.5 61.75 
0.6 0.8 0.8 1.75 0 +0 45 
- [2 1.2 1.75 2.0 2.0 2.25 
08 0.8 0.8 1.5 1.5 2.0 LS 
38.5 38.0 37.0 35.0 35.0 30.0 30.0 
0.5 0.5 0.75 
Copper 56.8 56.6 56.7 55.5 54.5 54.64 50.5 
» Zins 43.2 43.4 43.3 4.5 45.5 45.36 49.5 
. nt, psi 26,900 31,400 35,800 40,300 44,800 53.800 58.200 
S gth, psi. 62,700 67,200 78,400 85,100 89,600 98,600 112,000 
, per cent 30 25 25 20 18 18 15 
aie 
th a tensile testing ma tural problems in alloys other than 
manganese bronze. 
¢ ire. The microstructure of For example, in the metallurgy 
may be ascertained by the of high speed steel, use is made of 
nicroscope and the amount the tungsten equivalent in selecting 
rticular phase estimated usu- a constant tungstein section of the 
ith an eye-piece divided into iron-carbon-tungsten system to rep 
resent the composition of commer- 
r soblem of determining the cial high speed steel, and again, in 
nship between these three ferrous metallurgy the amount of 
in general and more spe- alloying element required to clos 
ifically the effect of variation of the the gamma loop forms a basis for 
five or six component elements has compiling a list of chromium equiv 
I onvenience, been called the alents. 
Liem of constitution. Accordingly, it is now purposed to 
sa Gout dated Gh cinta aie: discuss in some detail the following 


nd detail is a rather inadequate 
word to describe such a large prob- 
lem—is the method of simultaneous- 
y considering the effect of five ele- 
six elements upon the 
structure of the alloy. 


ments or 


Constitution Diagram 
In alloy systems, the general 
method of attack is basically the 
phase rule, and accordingly the bi- 
nary constitutional diagram is used 
for alloys having but two-component 
metals, and for alloys of three-com- 
ponent metals the solid model is the 
formal method, but for convenience 
n representation in publication, and 
further illuminate the problem, 
isothermal sections, and sections of 
tant composition, are used. 
While three-component systems 
present their quota of difficulties, 
f four and five-component 


s are still more difficult. 
lherefore, recourse is made to the 
principle of equivalence—in the case 
M nganese bronze, Guillet zinc 
equivalent. The principle of equiv- 


le T " 
al is 


used in elucidating struc- 





I 


aspects of constitutional approach 
l. Use, 


of Guillet zinc equivalents using a 


application and limitation 


two-¢ omponent 
9 


interpretation 


Description of a proposed 
method using zinc equivalents with 
a three-phase interpretation 

3. Provisional elucidation of con 
stitution embodying the zone theory 
ol 
tron concentration 

1. Probable effect of 


based on a comparison of the three- 


solids and Hume-Rothery’s elec- 
elements 


component equilibria copper, zin 


and one third element, the third ele- 
ment considered in rotation 


Of necessity (2) and and (4 
will be brief as these methods are 
subject to further investigation by 


the writer 


Zinc Equivalents 
Zinc Equ 


terpretation. As indicated previous- 


valents with Binary In- 


ly, this is the most usual method of 
considering the constitution of man- 
ganese bronze. It has already been 
said that manganese bronzes are de- 
rivatives of 58 per cent copper, 42 
per cent zinc, brass. This brass has 
a duplex alpha solid solution and 
solution structure con- 
10 of the 
alpha solution and 60 per cent of 


beta. 


beta solid 


taining about per cent 
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In the “as cast” condition it has 
an ultimate tensile strength of ap- 
proximately 47,000 psi. with 20 to 
30 per cent elongation. Its prop- 
erties, are however, sensitive to 
casting and cooling conditions. 

The addition of elements such as 
aluminum, tin, iron and manganese 
to brass alters its microstructure and 
the zinc replacing capacity of the 
elements when added to brass were 
evaluated by Guillet in 1906, hence 
their name Guillet zinc equivalents. 

In passing, it is well to refer to 
Guillet because 
later workers have proposed differ- 
ent values for some of the elements 
and obviously different results will 
be obtained when using different 
values. This is important when the 
zinc equivalent of the alloy is spe- 


zinc equivalents 


cified. The zinc equivalents are as 
follows: 
Element Equivalent Value 
Silicon . Pears 10 
Aluminum 6 
Tin pe Oa 2 
Magnesium cider en 2 
I se ccten nitsiad Mae 
Manganese er 
Nickel de uabnaidaabias —1.3 


Thus 1 per cent aluminum has a 
similar effect to 6 per cent of zinc, 
and tin a similar effect to 2 per cent 
of zinc, but the negative sign pre- 
fixed to the value for nickel, implies 
that 1 per cent of its functions in 
the same manner as 1.3 per cent of 
copper. 

The use of zinc equivalents in 
determining the zinc equivalent of 
an alloy will be illustrated. 


Com position: 
Element Per Cent 
Copper saints ae 
_: oe * wibisntannniie: 
Aluminum : sl 
Manganese meee 0.46 
RR ee PE 1.02 
NE eockccsinens snsscses ed 
Tin Equivalent 1.31 X 2 =2.62 
Aluminum 0.51 X¥ 6 =3.06 
Manganese 0.46 X 0.5=0.23 


Iron Equivalent 1.02  0.9=0.92 


nen 


Total 

Zinc in alloy, per cent 39.57 

Total Fictitious Zinc............46.40 

Copper, per cent....... eee 
103.53 
46.40 

Zinc equivalent of alloy =———— X 100 
103.53 


= 44.8 per cent Zinc 


From the copper-zinc equilibrium 


diagram this alloy would have a 
microstructure consisting of alpha 
and beta. 

The foregoing example has been 
set out in detail because some work- 
ers use the equivalents in a different 
manner. For example, consider the 
addition of 1 per cent aluminum to 
a brass containing 58 per cent cop- 
per, 42 per cent zinc. By the unor- 
thodox method the matter of equiv- 
alent is treated as follows: as the 
zinc equivalent of aluminum is 6, 
the above alloy would have a struc- 
ture similar to a brass containing 
52 per cent copper, 48 per cent zinc. 
Using the orthodox treatment of 
equivalents it is found that the al- 
loy has the following zinc equiva- 
lent: 


‘Element Per Cent 
Aluminum ....... : gael 
TS ; , 41 
RID ciicatancaavskeas Sciateneh tla 
[41 + (1 X 6)] 47 

[ wisi D- eaie ae 100 = 
(58 + 41 + 6) 105 


44.7 per cent zinc equivalent. 


Therefore, it is well when viewing 
values of zinc equivalent quoted in 
the literature to ascertain by calcu- 
lation the manner in which the pub- 
lished figures were obtained. 

There is this to be said, however, 
that no doubt the workers using 
what has been referred to as the un- 
orthodox method have included in 
their interpretation of Guillet zinc 
equivalents such local modifications 
of the principle of equivalents that 
they have found to apply to their 
practice—or in other words, the dif- 
ferences are not due to errors in 
arithmetic. 

But be that as it may, it is well 
to retain a uniform treatment of 
Guillet zinc equivalents and not 
mix the originals with modifications 
as it leads to confusion. 

The foregoing shows how the zinc 
equivalent of manganese bronze may 
be calculated. Then, from a copper- 
zinc constitutional diagram such as 
Fig. 1, it is possible to ascertain 
what phases may be present in the 
alloy and their approximate 
amounts. Reference to the copper- 
zinc diagram from the work of 
Owen and Pickup shows the follow- 
ing: 


Phase Stable Zine Content, Per Cent 


I lh eesti cenmrceesncial Up to 38.1 
Alpha and beta.......... 38.1 to 46.2 
Sr Ae 44.2 to 49.5 


Beta and gamma......49.5 to 60.2 


MANGANESE NzP 


Therefore, if the equivaler ip 


content of an alloy exceeds Der 
cent, gamma may be expecte: the 
microstructure, but this is, of © yp, 
from an equilibrium diagran fo, 
equilibrium rates of cooling, 10 th, 
rates of cooling associated wit!) sang 
castings. Information as to how ¢h; 
microstructure estimated by the yg 


of zinc equivalents compares with 
that obtained by the microscope 
available from the work of Logan: 


Alpha, Fad cent 


Equivalent (by Zinc Alpha, Per Cen 

Zinc, per cent Equivalent) (by microscop, 
42.7 40 +1.6 
42.9 37 5.6 
43.3 33 31.3 


The alloys he employed did not 
contain any added element in ex. 
cess of 1.5 per cent and in general 
he found that with slowly cooled 
specimens, the alpha area as deter. 
mined by the microscope came to 
within 3 per cent of the estimated 
value. 


Working with a manganese bronz 
containing | per cent tin, | per cent 
iron, 0.25 per cent aluminum, 0.25 
per cent manganese and varying 
copper and zinc to vary the micro- 
structure. Murphy* illustrated the 
variation of mechanical properties 
with microstructure. 


Alpha Ultimate Tensile yo 
Phase, per cent Strength, psi. per ceni 

100 46,500 24 

78 53,400 36 

70 61,000 50 

45 69,200 42 

25 76,600 28 

0 83,400 21 

0 54,600 4 


The last alloy in the table con- 
tained delta in its microstructure 
which accounts for the low strength 
and poor elongation. The in 
equivalent has been included in th 
specifications BS./STA.7 —C.X3 
requires that the zinc equivalent 
shall not exceed 46 per cent (which 
figure is close to the upper limit of 
zinc content of the duplex alpha 


beta field). 

Limitations of Zinc Equivalents. 
There are limitations to the useful- 
ness of zinc equivalents. 

1. When any of the added ele- 
ments, e.g. aluminum, tin, iron, 
manganese exceed 2 per cent the) 
are not reliable. 

2. Zinc equivalence does not in 
any way indicate the probable « ‘fect 
of temperature on the structure 0! 


Fe te ee 


rh: hee ‘ 
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ASTER 


he values of zinc equiva- 
en as constants, but for 
true constants the phase 
must be straight lines 
- lines. Calculated zinc 
the a pete apply to one tempera- 
e e an element does not 
‘g solid solutions and re- 
- ma liscrete particles or forms 
ae on etallic compound, one 
4 expect the principle of 
alence to apply. 
re appears to be some 
o the values of zinc equiva- 
n yme of the elements. Thus 
Cyertler* and Vaders® consider sili- 
iid have a value of 7 and 
not Timms: considers that 
aluminum should have a value of 
t. while Phillips® considers it should 
have a value of 2 instead of 6. Man- 
te © canese should, according to Smal- 
q ey’. have a value of 0.8 rather than 
| ) Phillipsi'4 believes that 1.5 is 
more suitable value for tin than the 


isually accepted value of 2. 


a a 


5 ahtiias, Sest abs Sea 


<e 


coer wa 


: 5. The two binary interpretation 
| | of a multicomponent alloy is neither 
accurate nor complete, because in a 
there are fre- 
quently more than two solid phases 


bronze, 


manganese 


(OM, 


present 


Three-Phase Representation 

Zinc Equivalents Using a Three 
Phase Representation. This method 
is best illustrated by an example. 
tin-bearing manganese 
= bronze of the type BS./STA.7— 
y C.X.3, the zinc equivalent of the 
i 


= Consider a 


alloy less its tin content is computed, 
and reduced to value (100 per cent 
= tin) in the alloy. This is then 
= plotted on an isothermal section or 
™ sections of the copper-zinc-tin con- 
=  stitutional diagram. 

The advantages of this method 
over the previous method are that 

ne may contemplate the alloy as a 
three component system instead of a 
two-ct mponent system and this 
means that the relationship of phase 
helds containing the brittle gamma 
phase to the duplex alpha-beta 
phase is immediately clear. 

\gain, by using this method one 
can obviate the limitation of zinc 
equivalent, i.e. alloying element 
should not exceed 2 per cent. Con- 
sider an alloy containing 60 per cent 
copper, 4.5 per cent aluminum, 1.8 
per cent manganese, 1.5 per cent 
valance zinc. Here the alu- 









minum exceeds 2 per cent so the 
zinc equivalent of the alloy less the 
aluminum content is computed and 
reduced and the composition of the 
alloy plotted on a section of the 
copper-zinc-aluminum diagram. 

Isothermal and constant aluminum 
(or tin) sections are equally suit- 
able for this work. There are two 
difficulties in the way of total ap- 
plications of this method. 

1. Equilibrium diagrams only are 
available to interpret cast structures. 

2. Lack of concurrence among 
workers as to the position of phase 
boundaries in the three-component 
systems. 


Zone Theory of Solids 

Application of Hume - Rothery’s 
Conceptions and the Zone Theor) 
of Solids. The elements which are 
normally encountered in manganese 
bronze, and some of the impurities 
and some elements which have been 
tried in the alloy are included in the 
following elements: 

Al 

| 

Sc - Te - V - Cr - Mn - Fe - Co- 

Ni - Cu - Zn - Ga - Ge - As 


| 
Sn 


The from the 
third row of the periodic table with 
aluminum from the second row and 
tin from the fourth row. 

Some general rules governing the 
formation of primary (alpha) solid 
solutions were worked out by Hume- 
Rothery and although the manga- 
nese bronzes are essentially alpha 
beta or beta alloys, some interesting 
deductions which are not entirely 
without significance may be made 
concerning manganese bronze. Brief- 
ly enunciated, his rules are as fol- 
lows: 

1. Size Factor. The mutual solu- 
bility of one element in another is 
very restricted if the size of the 
atoms differ by more than 15 per 
cent. 


above elements are 


2. Electronegative valency effect. 
In general, the more electronegative 
the solution element and the more 
electropositive the solvent, the great- 
er is the tendency for the formation 
of stable intermetallic compounds. 

3. Relative valency effect. Other 
things being equal a metal of lower 
valency is more likely to dissolve one 
of higher valency then vice-versa. 

To the above may be added 
Hume-Rothery’s later observation 
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that there is a general tendency for 
the beta phases to be more restricted 
when the size of the atoms become 
larger. 


Effect of Elements 
Consider now the list of elements 
and the generalizations in relation 
to manganese bronze. 


The first point of interest is that 
the two elements which confer the 
greatest hardening effect on manga- 
nese bronze are at the extreme end 
of the list. 
referred to and a quantitative esti- 
mate of their strengthening effect 
is as follows: 


Tin and aluminum are 


Effect of 0.1 per cent of Elements on a 
Complex Brass Containing 57 per cent 


Copper: 


Element, Yield Point, Ultimate Tensile 
O1 per cent) psi. Strength, psi 
Aluminum +1180 + 1460 
Tin +- 1400 + 680 
Iron . — 670 + 50 
Manganese 400 + 330 


As regards size factor all the ele- 
ments are in the favorable range as 
regards copper, i.e. the atomic diam- 
eters do not differ by more than 15 
per cent from that of copper. Con- 
cerning the electronegative valency 
effect, among the elements of group 
6B is found sulphur which would 
tend to form a stable sulphide and 
in any case is regarded as an im- 
purity. 

In group 5(b) are phosphorus, 
arsenic, antimony and bismuth 
which although still having the elec- 
tronegative characteristic somewhat 
pronounced may form slight solid 
solutions. All these elements are re- 
garded as impurities in manganese 
bronze. 

Group 4 (b), contains silicon, tin 
and lead. Silicon is regarded as an 
impurity in manganese bronze and 
lead was for many years, but recent- 
ly it has been incorporated in cer- 
tain compositions while tin is a valu- 
able alloying ingredient, but its 
amount and that of other elements 
notably aluminum and zinc must be 
carefully controlled when tin is used. 
It is seen therefore that passing from 
group 6 (b) to group 4 (b) the ob- 
jectionable nature of the elements as 
regards their effect upon manganese 
bronze, decreases until a useful alloy- 
ing element tin is reached. 

Concerning the relative valency 
effect, when it is applied to manga- 
nese bronze, some rather surprising 
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tentative conclusions are drawn. It 
would appear that the elements of 
low valency may be incorporated in 
manganese bronze to a greater ex- 
tent than the high valency elements 
before a brittle phase is encountered 

Nickel (valency 2) has a negative 
zinc equivalent and functions in the 
same direction as copper. Manga- 
nese and iron (valency 2) improve 
ductility. Aluminum 
has a strengthening effect but its 
amount has to be controlled other- 


(valency 3 


wise a brittle phase is encountered. 

Tin with a valency of 4 is limited 
to still smaller quantities otherwise 
brittleness is introduced. For a ter- 
nary alloy containing 60 per cent 
copper, gamma is encountered when 
the aluminum exceeds 3.0 per cent 
while in the copper-zinc-tin alloys 
for an alloy containing 60 per cent 
copper, gamma is encountered when 
Then 


arseni 


the tin exceeds 1.3 per cent 
the pentavalent elements, 
and antimony are impurities. 
One passes now to the conception 
of valency electron to atom ratios 
or electron concentration. Briefly, 
Hume-Rothery has found that cer- 
tain electron concentrations are as- 
sociated with certain phases as fol- 


lows: 
Phase Electrons 
Atoms 
Beta * 1.5 
21 
Gamma 1.615 
13 
7 
Eta 1.75 
4 


and that the limit of solubility of 
several alpha solutions correspond 
to an electron concentration of 1.40. 
Then Jones making certain as- 
sumptions and for a temperature of 
absolute zero employing the zone 
theory of solids arrived at the fol- 
lowing values of electron concentra- 
tion for the limits of stability of cer- 
tain phases. They are as follows: 


Phase Electrons 

Atoms 

Limit of alpha phase 1.362 
Limit of alpha and beta phase....1.480 


Limit of beta and gamma phase..1.538 
Limit of eta phase ..1.70 
The above limiting figures are the 
result of complex mathematical cal- 
culations, 





In general, all the work of above 
type on fundamental structure of al- 
loys has been for 
wherein solute belongs to a certain 


alloy systems 
group of the periodic classification. 
It has not been attempted to gen- 
erally apply these results to complex 
alloys although Gregory’ and Brad- 
ley have found that the typical gam- 
ma structure may be obtained in 
ternary copper-zinc-aluminum alloys 
provided the composition is adjusted 
to keep the ratio of valency electrons 
to atoms at a value of 21 to 1.3. 

Considering now complex ailoys 
such as manganese bronze, the writ¢1 
endeavored to ascertain whether or 
not these fundamental conceptions 
could be applied to elucidate some 
of the structural problems. At first 
sight, electron concentration would 
not have the limitation that an ele- 
ment should not exceed 2 per cent 
as in the case of the zinc equivalent 

Accordingly, compositions of man- 
ganese bronze, have been converted 
to atomic percentages and their elec- 
tron concentration calculated and a 
comparison has been made of elec- 
tron concentration of manganese 
bronzes containing 45 per cent alpha 
and 55 per cent beta with the elec- 
tron concentration of ternary cop- 
per-tin-zinc; copper-zinc-aluminum ; 
copper-manganese-zinc; obtained 
from the respective phase diagrams 
all having the same proportion of 
alpha and beta. 

Results are as below: 


Ratio: 
Valency Electrons 

Alloy Atoms 

Manganese Bronze (a) 1.426 

Manganese Bronze (b) 1.430 
0.75% Sn, 58.15% Cu, 

41.1% Zn..... 1.420 

2.0% Al, 62.8% Cu, 

$5.2% Zn..... = ee 
2.24% Mn, 56.2% Cu, 

41.56% Zn 1.430 

Binary copper-zinc 1.416 


It will be seen, therefore, that the 
ratios are of the same order. 

Then an effort was made to see if 
any relationship could be found be- 
tween electron concentration and 
mechanical properties, so the elec- 
tron concentration of manganese 
bronze compositions from many 
sources was determined and com- 
pared with the percentage elonga- 
tion as shown: 


Number of Average Electron 


Elongation Tests Atom Ratio 
Under 10% 7 1.505 
10 to 15% 5 1.466 
Over 15% 13 1.435 
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It would appear, theref 
high valency electron to ato: 
are associated with low el 
The point to be decided is, 


the line of demarcation? 


It is realized that compl 
planation of the constituti 
mechanical properties of th 
on the basis of these theories 
tated against by the followir 

1. Effect of cooling rate 
chanical properties, i.e. 
rium conditions. 

2. The value of valency electro 
for the metals composing mangan 


non-equylib-. 


bronze. While a value of 1 for « 
per, 2 for zinc, 3 for aluminu: 

+ for tin is well accepted, the write: 
is not prepared to use the valu 
zero for iron, nickel (and other el 
ments of group 8). 

Nor is he prepared to use a val 
of 4 for lead because it is not 
solution and in any case, weaker 
the alloys mechanically. The valu 
of manganese is also not finalized 
Values used by the writer in fore- 
going calculations are those gener- 
ally accepted, with the addition o! 
nickel one, manganese two, iron tw 

3. Accuracy of published analysis 

4. Accuracy of three component 
phase data. 


Phase Rule Application 

Application of Phase Rule Date 
to Structure of Manganese Bronz 
In a paper such as this, one may not 
enter into a full discussion of thr 
component systems so all that wil 
be done is to indicate a_ simpl 
method of reading these triangular 
representations and to show gener- 
ally how the position of the bound- 
aries between the different phases 
If an alloy contains three metals 
say A, B, C, then draw an equi 
lateral triangle. 





A B 
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Now the main point in reading 
these triangular representation: with 
confidence is to work out the <irec 
tion of the scales, and then, when 










































55 
cent of manganese may be added 
third other 
alpha and beta is encountered. 


before a phase than 
However, an isothermal section al 
O° C 


and Hansen 


by the same workers, Bauer 
shows that at this low- 
er temperature, a three-phase field 
ilpha-beta appears, but is not en- 
countered in an alloy containing 60 


er cent copper, but is encountered 


at approximately 4.5 per cent man- 
ganese when the copper content is 
reduced to 59 per cent 

Tin. The writer regards the three 
component copper-tin-zinc system as 
the most important diagram as it 
concerns the structure and proper- 
ties of the tin bearing alloy C.X.3 
lin has a zinc equivalent of 2, and 
for an alloy containing 60 per cent 
coppel the three-phase region con- 
taining gamma is encountered at ap- 
proximately 0.7 per cent tin (and at 
76 per cent copper, at 1.3 per cent 
tin 

More will be said about this later, 
but at this stage it would not be out 
of place to say that because gamma 
is encountered at relatively low tin 
contents, is the reason why many 


writers dislike tin in manganese 


bronze and why foundrymen hav: 
trouble with low elongation 
Now, with the exception of lead 


and iron, which will be reserved. un 








eg | Table 3 
| 
ce Data OBTAINED FROM TRIANGULAR DIAGRAM 
i ng discussed is A B C 
F 4 entage, draw lines parallel to BC CA AB 
a ntage of component along 
ae following sides CA or BA CB or AB_ BC or AC 
; component increases in mag- C to A or C to B o1 B to C or 
direction Bto A Ato B Ato C 
ponent is zero at C and B C and A A and B 
O per cent at A B C 
= 
: diagram progress in the field containing gamma is not en- 
; on. Some of the data countered at all. See Fig. 2 
rom the diagram is sum- Aluminum. It will be recalled this 
; Table 3. element has a high-zinc equivalent, 
" rawing such triangles, once 6, but when the isothermal section 
the use of them will be- at 410° C. of the copper-zinc-alu- 
‘ vely easy. minum system is examined, it is seen 
\ question arises as to what that for an alloy containing 60 pe: 
1 1av be obtained con- cent copper the gamma phase (or 
probable behavior of more fully) the duplex beta-gamma 
from their ternary constitu- phase is not encountered until ap- 
rrams with zinc and cop- proximately 4.5 per cent aluminum 
~ information is convenient- has bec n added. It will be rec alled 
ed from a study of the that certain high strength manga- 
i] section at room tempera- nese bronzes contain 4 to 5 per cent 
he feature upon which at- of aluminum 
focused is three-phase field Manganese. Manganese has a low 
ng alpha solid solution, beta zinc equivalent, 0.5, and replace- 
ition, and gamma solid so- ment of zinc by manganese, as it 
were, decreases the zinc equivalent 
rt mma solution generally im- of the alloy. In the isothermal sec- 
; rts brittleness and it is of prac- tion at 400° C. more than 7% per 
mportance to know how close 
boundary between the three 
; a and the cayees — Ny 
4 a field comes to the binary cop- 
® per-zinc side of the triangle. If this 
ha undary is encountered after, for 
; 1 per cent of the element 
= added, then 1 per cent rep- 
B ts the limit of this particular 
t 
hug 
x Alloying Elements 
iy Details of the elements used in 
és nese bronze will now be dis- 
3 ind we will use as our ar- 


ry criterion of assessment a 


sition containing 60 per cent 


As previously mentioned, 
is a negative zinc equivalent 
I ther words, it functions in the 
lirection as copper so when 
to brass one expects a con- 

range of alpha and beta 

Reference to copper- 
inc constitutional diagram 
temperature of 25° C. shows 
en nickel is added to an alloy 
ng 60 per cent copper, a 











Cu 


Fig. 2 








Per Cent Zinc 


Copper-Nickel-Zinc Constitution Diagram for a temperature 
of 25° C. 
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Table 4 
PuysicaL Properties oF Cuitt Cast ALLoys 
: ; Yield Ultimate Elongation 
Cu, Zn, Al, Fe, Mn, Sn, Point, Strength, on 2 in. 
No percent percent percent percent percent per cent psi. pst. per cent 
ae 40.51 1.12 0.34 0.74 0.48 34,200 84,750 21.5 
D..cccoce eee 41.13 0.66 0.42 0.80 0.54 32,400 71,850 22.3 
10.....<. S680 39.54 1.10 0.46 0.80 1.51 —- 70,650 3.0 
—_ 40.36 0.63 0.11 0.60 1.41 43,000 83,800 16.3 
12 . 5.75 39.72 1.16 0.31 1.65 0.43 38,250 89,150 23.8 
Be 56.96 40.46 0.49 0.17 1.56 0.36 34,500 81,925 21.0 
£4... 56.48 38.99 0.47 0.73 1.73 1.64 49,000 91,750 21.0 
Sans: Sele 39.74 0.97 0.95 0.82 0.46 35,327 87,600 29.8 
16 . 56.76 40.52 0.51 0.95 0.80 0.46 29,500 80,250 38 
|) Poe Ps 38.78 0.99 0.79 0.76 1.56 48,000 44,375 22.3 
| eB 39.37 0.47 0.70 0.72 1.59 38,000 85,250 27.0 
19........ 56.6 39.77 0.93 0.81 1.59 0.30 37,250 75,125 10.0 
y | ry 39.83 0.46 0.84 1.62 0.38 28,500 83,150 20.0 
21. . 56.9 38.10 0.95 0.95 1.50 1.60 52,600 92,500 14.0 
 « 38.99 0.47 0.73 1.65 1.56 43,375 85,175 16.4 
EFFECT OF ELEMENTS ON PHySICAL PROPERTIES 
Yield Ultimate Elongation 
Cu Zn Al Fe Mn Sn Point Strength ae in. 
8 minus 9 + .36 62 +46 —.08 —.06 —0.06 + 1,800 +6,900 —0.8 
12 minus 13 —,23 714 —.67 +.11 -09 —0.07 +3,750 +7,225 +2.8 
15 minus 16... +.30 —.78 + .46 Nil. + .02 Nil. +5,827 +7,350 —8.2 
17 minus 18..... —.03 —.59 +.52 +0.09 +.04 —0.03 + 10,000 +9,125 —4.7 
21 minus 22..... +.30 —.89 + .48 .22 —.15 +0.04 +9,225 +7,325 —2.3 
Sum of Differ- 
ences . +.70 3.62 +2.59 +.37 -06 +.02 + 30,602 + 37,925 —13.2 
til later, foregoing are elements used and beta) becomes closer to the 


in manganese bronze. It is now in- 
tended to examine the phase rela- 
tionship with copper and zinc, of 
those elements normally regarded as 
impurities. Unfortunately, there 
does not appear to be suitable iso- 
thermal sections at low temperature 
of copper and zinc with phosphorus, 
and with bismuth, and with anti- 
mony, and with arsenic, but from 
data available a limited discussion 
of silicon and cadmium may be en- 
tered into. 

Silicon. Smalley and others, re- 
gard this as a most objectionable 
impurity. It has a high zinc equiva- 
lent of 10. The isothermal section 
due to Vaders (which does not go to 
copper contents as low as 60 per 
cent) indicates that a brittle phase is 
formed and with lower concentra- 
tion of silicon as the copper content 
is decreased. 

Cadmium. Cadmium is also re- 
garded as an impurity and reference 
to the isothermal section at room 
temperatures shows that after ap- 
proximately 0.4 per cent of cadmium 
has been added to an alloy contain- 
ing 60 per cent copper, the stable 
atomic grouping Cu,Cd appears in 
the field. Therefore, indications are, 


that as the boundary between the 
three phase field containing the brit- 
tle phase and the duplex field (alpha 


copper-zinc side of the diagram, the 
practical consequences are that less 
of the third element may be added, 
that its amount must be more rigidly 
controlled and that if it comes suf- 
ficiently close, the element must be 
regarded as an impurity. 

Lead and Iron. These elements 
do not enter into solid solution, but 
exist as discrete particles in the case 
of lead, and iron-rich compounds in 
the case of iron. Bismuth may be 
expected to behave in a similar 
manner. 

To conclude the survey of the ele- 
ments, titanium, vanadium, and pos- 
sibly chromium may be mentioned 
as they appear to raise the tensile 
strength and reduce the elongation, 
yet not render the alloy brittle. It is 
of interest and possibly significance 
that these elements when alloyed 
with copper give rise to precipitation 
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hardening alloys. 

Before leaving the subject — ¢op. 
stitution, it is well to discuss >rjeq, 
the zinc-iron compounds, 2: c-rich 
compounds, or blue-etching c: nstity. 
ents as it is sometimes called 
is no finality regarding the precise 
composition of these compounds ang 


Cher 


they may be expected to vary jp 
manganese bronze of different com. 
positions. 


Dix, in 1922 made an investiga. 
tion into the nature of these com. 
pounds and some general conclusion; 
have been reached. They are 

1. Melts containing less than (3 
per cent iron were found to contain 
little or no “blue constituent.” 

2. The essential constituents of 
the compounds are iron and zinc 
To these some would add copper, 
while others consider it to be stil! 
more complex and contains in addi- 
tion tin and aluminum. 

3. The occurence of these “iron- 
zinc compounds” does not impair 
the mechanical properties of the al- 
loy unless they be segregated. At this 
stage it may be relevant to note that 
cases are on record where segrega- 
tion of these “iron-zinc compounds” 
has brought about corrosion failure 

4. These constituents are not dis- 
solved by heat treatment, e.g. soak- 
ing 734 hr. at 850° C. and water 
quenching. 

An indication that these 
zinc compounds” may not be stable 
atomic groupings in the usual sense 
of the term is provided by modern 
views on the structure of metals. 
Iron is ferromagnetic because the 
group of 18 electrons is not yet com- 
pletely filled and that the incom- 
pletely. filled shell has a critical size 
compared with the distance between 
adjacent atoms. 

That is to say, that insofar as 4 
group of electrons can be said to 
have a size, it may be said that the 
atoms in iron are just sufficiently far 


“‘iron- 








Table 5 
Errect oF 0.1% oF At, Fe, MN, AND SN ON PuysIcAL PROPERTIES 
or 51% Cu ALLoy 


Propor- Yield Tensile Reduction ; 
tional Point, Strength, Elongation, in Area, Rockwell 
Element Limit psi. psi. per cent per cent B Hardness 
Al + 1,280 +1,180 + 1,460 —0.51 —0.49 —0.4 
Fe +940 —670 +50 + 1.06 +0.93 =] .4 
Mn +180 +400 +330 — 2 —0.58 +0.( 
Sn +690 + 1,400 +680 — 0.64 —0.51 +0.4 
Nore: Effect of manganese on elongation first gives rise to an increase, then a decrease. 
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duce the ferromagnetic 
ey were closer together 
be no ferromagnetism 
were further apart, they 
0 far apart to influence 


nganese bronze is very 
agnetic, this has been 
observation—and if this 


netism be viewed as a case 
enetism resulting from the 
content of the alloy it 
dicate that the has 
somewhat loose union with 
ind other elements which 
resent in the complex. 


iron 


Ef f Elements on the Physical 
Having discussed the 
neral effect of the added elements 
on the constitution, it is logical now 
to discuss their effects on the physi- 
properties. Instead of having to 
nsider the effects of each element 
n the property of a brass contain- 
ng 58 per cent copper, 42 per cent 
zinc, Ellis by rather ingenious meth- 
od of combination and elimination 
succeeded in isolating the effects of 
each element using manganese 
bronze alloys. 

He published his findings as 
urves, by means of which it is pos- 
the mechanical 
properties of an alloy from its com- 
position and he found surprisingly 
good agreement. He worked on chill 
An example will be 
taken from his paper to illustrate 
the methods employed. See Table 4. 

The alloys are arranged in pairs 
so that the effect of aluminum can 
There are differences 
in proportion of the other elements 
so it is not possible to determine the 
effect of aluminum from one pair of 
alloys so the differences between pair 
is averaged as shown. 

By dividing by 25.9 which is ten 
times the sum of the differences of 
aluminum content, he obtained the 
approximate effect of 0.10 per cent 
iluminum on the alloy containing 
. per cent copper. 

Result 
Differences in percentages— 
Copper .+ 0.027% 
Zinc ..— 0.140% 
[ron ..+ 0.014% 
Manganese sopesseseoee GD 
ee Mine Oe eee + 0.001% 
.. + 1280 psi. 
4 the sis + 1180 psi. 
ate Tensile Strength..+ 1460 psi. 
CHONG AIO ..nneenesnsnernesecrsenees — 0.51% 
Reduction in Area...... — 0.49% 
; vell B + 0.49 


sible to calculate 


cast alloys. 


be estimated. 


; 


In a similar manner, the effect of 
0.1 per cent of other elements on an 
alloy containing 51 per cent copper, 
may be obtained and the results are 
summarized in Table 5. 

The method of using data from 
Ellis’ curves to estimate the mechani- 
cal properties of an alloy from its 
composition is illustrated as follows: 


Composition: 


Element Per cent 
Copper 51.95 
Iron 3.82 
Aluminum 1.88 
Manganese 0.98 
Zinc Balance 


From Ellis’ curve of binary cop- 
per-zinc alloy, the tensile strength of 
a brass containing 51.95 per cent 
copper is seen to be 72,700 psi. and 
from an appropriate curve, it is seen 
3.82 per cent of iron reduces its 
strength by 6000 psi. Similarly 1.88 
per cent aluminum is seen to raise its 
strength by approximately 2600 psi. 
and that 0.98 per cent manganese 
raises its tensile strength by 1400 psi. 
Therefore, estimated tensile strength 


1S: 
Strength of simple brass, psi. 72,700 
Increase due to 1.88 per cent 
Al, psi. 26,000 
Increase due to 0.98 per cent 
Mn, psi. 1,400 
100,100 
Decrease due to 3.82 per cent 
Fe, psi. 6,000 
Estimated tensile strength, psi..... 94,100 
Strength of the foregoing alloy 


from a chill cast test bar was 92,200 
psi. i.e. estimate was 2 per cent too 
high. 

The percentage elongation is esti- 
mated thus: 


Elongation of the simple brass, 


per cent ..... smcbal 19 
Increase due to Fe, per cent 13 
Increase due to Mn, per cent 5 

37 
Decrease due to Al, per cent..... 20 
Estimated elongation, per cent cert 


The actual elongation was found 
to be 18.5 per cent. The accuracy 
of estimates of strength and elonga- 
tion is shown by the following aver- 
ages of 36 tests (due to Ellis). 


Actual Estimated 
Ultimate Tensile 
Strength, psi.........78,000 79,200 
Elongation, per cent 31.3 29.1 


The practical value of being able 






















to estimate the mechanical proper- 
ties of an alloy from its composition 
self evident, it 


useful when 


will be being par- 


ticularly synthesizing 
new alloy. 

It is not proposed at this stage to 
discuss the further detailed effects of 
the elements on the physical proper 
ties of manganese bronze because it 
is felt 
the three examples, tin-bearing, high 


these will be covered when 
aluminum and lead-bearing are dis- 
cussed, but on the other hand there 
appears to be merit in endeavoring 
to summarize the effects of the ele- 
ments. 

From a qualitative point of view, 
aluminum may be regarded as the 
element which confers the strength, 
so does tin and in addition, confers 
resistance to dezincification, the iron 
increases the ductility without effect- 
ing a reduction in strength (con- 
ferred by the aluminum) 
ganese increases the strength without 


and man- 


reducing the ductility. 

Follcwing this discussion of con- 
stitution and effects of elements on 
mechanical properties, it has been 
thought well to mention briefly some 
of the more practical features of 
manganese bronze 


Alloying Manganese Bronze 

Surveying the literature, it is seen 
there are quite a few recipes for 
alloying manganese bronze. Rather 
than catalogue them, an effort will 
be made to pick out the main points. 

1. The general principle of hard- 
eners is used extensively to facilitate 
alloying of high melting point in- 
gredients and in this regard much 
ingenuity has been displayed in se- 
lecting combinations. Typical exam- 
ples are, iron and ferromanganese, 
iron-tin-manganese, iron-aluminum, 
cupromanganese, iron - manganese- 
copper. 

2. As ferro-alloys may be used in 
preparing some of the hardeners it 
is desirable to select alloys of low 
carbon content or take steps to re- 
duce the carbon content for 
bides may persist in the finished 
alloy as lumps of varying size. 


Car- 


3. Consideration is given to em- 
ploying usefully any heat of forma- 
tion which may be evolved, e.g. 
when aluminum is added to copper, 
any rise in temperature is employed 
to dissolve the hardener. 

4. Prior to zinc additions, the al- 





loy is cooled to avoid excessive 
losses. 

“Deoxidation.” The process of 
deoxidation about to be discussed 
appears to be somewhat singular for 
after the metal is alloyed, some 
workers add phosphor-copper prior 
to pouring. The reasons for this 
appear to be: 

1. Addition of 
pears to inhibit the oxidation of the 
surface of the metal while pouring, 
such beneficial action is considered 
by some to be due to the formation 
of reducing envelope of volatile 
phosphorus surrounding the metal 


phosphorus ap- 


stream. 

2. The addition of phosphorus 
prior to pouring would probably as- 
sist any aluminum oxide present to 
rise to the surface, for such a meth- 
od is described by Thews" for refin- 
ing scrap brass contaminated with 
aluminum. 

Concerning orthodox deoxidation, 
it would appear beneficial to deox- 
ide the molten copper prior to mak- 
ing additions and to as far as pos- 
sible make progressive deoxidations 
to ensure that there is the minimum 
of oxygen present when aluminum 
and particularly tin is added. 


Fluxes Used 

Fluxes. It is not intended to dis- 
cuss fluxes at any great length. 
Boron compounds are frequently 
employed. They are borax, boric 
oxide and borocalcite. The relative 
solubility of oxides in borax and 
boric oxide is indicated by the fol- 
lowing table which, however, does 
not give the limit of solubility in 
the case of zinc, cadmium, alumi- 
num and iron because only two 
grams of the oxide in question were 
heated with twenty grams of flux. 


Weight of oxide taken 2 grams 
Weight of flux 20 grams 


Borax, Boric oxide, 
Oxide used grams grams 
Zinc 2.0 0.56 
Cadmium 2.0 0.84 
Nickel (NiO) 0.62 0.62 
Aluminum 2.0 None 
Tin 0.84 None 
Copper (CuO) 1.45 None 
Iron (Fe:0;) 2.0 None 
Chromium (Cr;9;) 0.001 None 
Borax has, therefore, a _ greater 


solubility for the heavy metal oxides 
than boric oxide, but boric oxide 
will dissolve silica resulting in cor- 
rosion of the crucible. 


Sometimes 


boric acid is mixed with alkali car- 
bonate and when the latter is used 
in excess it will flux any acidic or 
amphoteric oxides which may be 
present, e.g. sodium carbonate will 
dissolve zinc oxide, but not tin 
oxide. Glasses (complex borates) 
are used as covers and certain va- 
rieties (green bottle glass) may dis- 
solve heavy metal oxides, e.g. zinc. 
Borocalcite has the advantage of 
crucible corrosion and is an efficient 
solvent for the reduced oxides. 
Common salt (sodium chloride) 
has also been used, but its action is 
probably solely that of a cover. Two 
compositions of flux which have 
been used in reverberatory furnace 
melting of manganese bronze. are: 


Per cent 
1. gypsum (calcium sulphate) 50 
fluorspar (calcium fluoride) 50 
2. soda ash (sodium carbonate ) 30 
Silica 20 
Fluorspar 33 
Borax 7 


It should be noted, however, that 
Clamer has pointed out that while 
calcium sulphate is not reduced by 
any of the metals in manganese 
bronze with possible exception of 
aluminum, but calcium sulphate 
mixed with charcoal or in contact 
with the graphite of a crucible is 
reduced to calcium sulphide and 
sulphur from that source enters the 
metal. Concerning charcoal, it is 
not considered by some to be good 
practice to use it with manganese 
bronze as it promotes the formation 
of the carbides. 

Effect of Pouring Temperatures. 
The effect of pouring temperature 
on the mechanical properties ob- 
tained from test bars has been re- 
ported upon by several workers and 
the range is reasonably wide. The 
following figures are due to Moch- 
rie’? and refer to BSS 208 Class 1. 
In addition there is qualitative ob- 
servation concerning zinc volatiliza- 
tion and fume production. 


Pouring Tensile Elongation Amount 
Temp. Strength, on 2 in. of 
ss psi. per cent Fume 
1090 71,600 40.6 High 
1020 71,600 40.6 High 
970 71,200 43.7 High 
940 71,100 34.4 Low 
920 71,300 42.2 Low 
890 71,500 40.6 Slight 


Guillet has found a range of 997° C. 
to 1163° C. satisfactory, but recom- 
mends 1066° to 1093° C. Hesse, 
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Myskowski and Loring foun: 9° 
C. to 1025° C. satisfactory. 

For C.X.3, pouring temp: :atuy 
of 930° C. to 1060° C. have beep 
found satisfactory. 

Control of Alloys during A 
When making castings wh + 
quire large quantities of met 
propellors of size for S.S. “Quee; 
Mary” it is, of course, highly desiy. 
able, if not imperative, to be ab} 
to assess the quality of the meta! 
melting proceeds and before it \ 
pouring. A summary of the meth. 
ods which have been used is as fol. 
lows: 

1. Fracture of a Chill Cast Ba 
By its use Murphy® claims the zin 
content may be estimated to within 
0.5 per cent and when using th 
test, it'is well to prepare first a set 
of standard fractures of known zin 
content. As a control these would 
appear to have wider application to 
the beta brasses rather than the du- 
plex alpha-beta brasses. 

2. Torsion Test. This rather in- 
genious method was used by 
LeThomas* for controlling the zinc 
content of a copper-zinc, 5 per cent 
nickel, 5 per cent manganese alloy 
the angle of twist at which rupture 
occurred being related to the zin 
equivalent. The following values no 
doubt apply only to the alloy abov 


Zinc Equivalent Angle of Rupture 


Per cent in deg. 
40 260 
45 160 
50 123 
55 108 
60 95 


Combined Chemical Analysis and 
Microstructure. Davis’ suggests 
that a microscopic examination be 
used in conjunction with _ the 
analysis for zinc and copper, thus 
Zinc equivalent—465—a where ‘a’ is the 

—— percentage of 

10 alpha present 

From the practical angle, it was the 

disadvantage that the accurate de- 

termination of zinc is not a rapid 

method which may detract from its 
value as a control test. 

Hardness. Ensslen™ uses the 
hardness of chill cast test bar as 4 
means of control, certainly there ap- 
pears to be a relationship between 
hardness and tensile strength, while 
Roberts"*® considers that the addition 
of 1.5 per cent zinc raises the Brinell 
Hardness by 5, but the writer 4s 
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sufficiently linear in its 
to strength to be used 
as a control test 
these methods of con- 
melting have practical 
they require considerable 
n the nature of prelimi- 
before they become es- 


w routine in any foundry 


Heat Treatment 
Manganese 


itment of 


First, stress relieving of 


be discussed. The prac- 

im temperature appears 

C. and the importance 

| temperature is well illus 

work of Benson and Alli- 

worked with an alloy hav- 

eld point of 48.900 psi., 

strength 94,700 psi., and 
28 per cent. 


He Initial Stress Relieved by 
Stress, Heat Treatmene, 
t pst per cent 
10,520 77.5 
10,520 92.5 
11,000 54.5 
2 11,200 23.5 
9,200 LOO 


Of practical importance is the rate 

f cooling from the temperature, if 
fast the stresses which were 

relieved by heat treatment will be 


it back 


into the work. 
Stress relief of castings is impor- 
where they are to be used for 


sion work, e.g. optical work in 


rder that permanency of dimen- 
ns is retained. It is important 
so, where manganese bronze, par- 


larly beta alloys, are subject to 
ction of low melting point metals 


ind alloys as in tinning. Should 
there be any appreciable stress in 
the alloy it will fail by cracking. 


well illus- 
trated by the work of Dickenson”° 
of his results are as follows: 


rhe phenomenon is 


He took bars 10 mm. sq., supported 
em at the ends and applied central 
provision was made for heating 
rs and applying the different 
ow melting point metals. The load 
ture them and the deflection 
easured and are summarized 

lable 6. The letters “UB” signify 
It will 
that the application of a 
melting point metal greatly 


imen was unbroken. 


redu the load and deflection be- 


cture occurs. 


\tter burning, castings could with 


ges be stress relieved, as 


induce 


same order as the elastic limit. 


burning may stresses of the 


It is now intended to discuss heat 
treatment which has for its object 
the alteration of mechanical proper- 
The published work on_ this 
matter is very sketchy, consisting al- 


ties. 


most entirely of heat treating a test 
bar and comparing the results ob- 
tained with “as cast” bars made at 
If the heat treatment 
of manganese bronze is viewed from 
the angle, it 
seen that there are four separate and 
“heat 
which may influence the final result 
l. The 
on the 


the same time 


fundamental will be 


possible reactions” 


treatment 


effect of heat treatment 
proportion of alpha and 
beta. If, by the application of Guil- 
lets equivalent, the complex alloy is 
viewed as a 


two component alloy 


consisting of equivalent zinc and 
equivalent copper and its composi- 
tion referred to the copper-zinc dia- 
that 


compositions may have the amounts 


gram, it will be seen certain 
of alpha and beta varied by heat 


treatment. 


lhus an alloy with equivalent zinc 
content of 40 per cent contains ap- 
proximately 40 per cent alpha and 
60 per cent beta. At temperatures 
above 500° C. the solubility of zin« 
in copper forming beta solution in- 
C. the alloy 
On cooling alpha 
separates, and the amount retained 
in the final structure is a function of 
the cooling rate, the faster the cool- 
ing, the less the amount of alpha 
and the stronger will be the alloy. 
Binary alloys containing 38-46 per 
cent zinc behave similarly. 
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2. Possible Precipitation Harden- 


creases so that at 750 


is entirely beta. 


5Q 




















ing Matsuda 
the 


has reported upon 


precipitation hardening which 
occurs when certain copper-zinc al- 
lovs art 


This 


ol alpha and the phenomenon 1S 


reheated after quenching 


results from the precipitation 


most pronounced in alloys contain- 
ing 40 per cent of zin 
With less than this amount of 


zinc, quenching and tempering ef 


fects are less pronounced owing to 
the difficulty of compl tely retaining 
them as beta 

On the 


not so pronounced in alloys contain- 


other hand the effect is 
ing more than 40 per cent zinc for 
it has been found, when they are 
quenched to retain the beta struc- 
ture, the resultant structure does not 
differ greatly from that obtained by 
slow cooling and also by virtue of 
the fact that beta of higher zinc con- 
tent is more stable. 

The 
quenched alloys containing approxi- 
mately 40 
50° C, 
quantity of fine particles of alpha. 

3. Relationship of Phase Volumes 
Brittle Phase to the 
Copper-Zinc Phase of the 


Diagram. 


reheating temperature for 


per cent zinc is 250 to 


which produces a large 


Containing a 
Binary 
Here the complex alloys 
are viewed as being composed by 
three components, not two, and the 
volumes containing brittle constitu- 
ents with which one is concerned 
are: 
a. Duplex, alpha and gamma. 
b. Three phase, alpha, bet'a and 
gamma. 
c. Duplex, beta and gamma 
The significance is best explained 


by diagrams but as a general rule, 





FRACTURE LOAD 
Temp., 
Condition C. 
Uncoated 16 
Mercury coated 14 
Uncoated 105 
Coated with alloy 103 
Uncoated 250 
Coated with tin 245 





Table 6 


AND DEFLECTION OF 


SUPPORTED AT ENDS 


10 mo. Sq. Bars 


Beta Alpha Beta 
Test As Cast As Cast 

Load, Ib 2860 1980 
Deflection, in 0.407 0.290 
Load, lb 440 880 

Deflection, in 0.006 0.016 
Load, lb 2640 1925 
Deflection, in 0.553 UB 0.512 
Load, lb 835 1100 
Deflection, in 0.010 0.034 
Load, Ib 1980 1650 
Deflection, in 0.563 UB 0.496 
Load, lb. 220 1056 
Defiection, in. 0.003 0.042 
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the closer the boundary comes to the 
limit of composition, with respect to 
the component other than copper 
and zinc, e.g. tin in case of C.X.3., 
the more likely is this factor liable 
to influence the results of heat treat- 
ment. 

In the case of the tin-bearing al- 
loys C.X.3 it is the three phase field 
which is more likely to influence the 
process and in the case of the high 
aluminum alloys H.S.B. 44 it is the 
duplex beta and gamma field. 

4. Effect of Heating on the 
Amount of Iron-Zinc Compounds. 
One cannot be dogmatic concerning 
this aspect of heat treatment. Al- 
though from the work of Dix* it 
would appear that their solubility is 
not affected by heat treatments. He 
found the amount was unaltered in 
specimens after water quenching 
from 850° C. after 734 hr. heating. 

In others it was slightly rounded 
and less in amount after the same 
heat treatment. However, it is listed 
as a possibility for one is not yet sure 
that the nature and stability of the 
compounds is not independent of 
total composition of the alloys in 
which they occur. 


Heat Treating Effect 

Detailed discussion of heat treat- 
ment will be given when dealing 
with examples of types of alloys but 
the possible general effects of the 
four reactions may be somewhat as 
follows: 

Duplex alpha beta alloys (tin free) 
e.g. BSS 208/1. Results of heat 
treatment would be affected by (1) 
(2) and possibly (4). 

Duplex alpha beta alloys contain- 
ing tin, e.g. C.X.3. Results are af- 
fected by (1) (2) (3) and possibly 
(4). 

Essentially beta alloys, e.g. HSB 
44. Results are affected by (3) and 
possibly (4); if small amount of 
alpha present, also by (1). 

Finally, if manganese bronzes are 
held at temperatures over 700° C. 
for an undue length of time, there is 
grain growth resulting in very large 
crystals. This has been reported on 
by Logan* and confirmed by the 
writer. 

Discussion of Three Types. In the 
foregoing, constitution, effects of ele- 
ments on mechanical properties, and 
some points of technology were dis- 
cussed. Now it is proposed to dis- 


cuss three types of manganese bronze 
with which many foundrymen have 
a considerable amount to do and use 
the foregoing as a basis of discus- 
sion. They are 

1. Lead-bearing alloys 

2. High-aluminum alloy 

H.S.B. 44 
3. Tin-bearing alloy C.X.3. 


Lead-Bearing Alloys 

Survey of the literature shows that 
opinion has been divided upon the 
effects of lead in manganese bronze, 
the limiting proportion and the form 
in which it occurs. Space does not 
permit a review of the work, but an 
attempt will be made to state the 
present position and highlight the 
reasons for conflict of opinion. 

It is recognized that lead lowers 
the mechanical properties of the al- 
loys but does not necessarily lower 
them so much as to be useless. In- 
deed examination of some of the ex- 
amples of composition and mechan- 
ical properties purported to show the 
poor mechanical properties even in 
the absence of the lead. In other 
words, the manganese bronze was 
bad to start with. 

The recent work of Hesse, Mys- 
kowski and Loring** and Halliwell** 
is the most comprehensive and thor- 
ough, in that the composition as a 
whole is studied. From his work 
which included 483 tests, Halliwell 
concluded that lead up to 0.6 per 
cent lowers the ultimate tensile 
strength by 60,000 psi. and lowers 
the elongation by 10 per cent and 
the Brinell Hardness by 10. The ef- 
fect of 1 per cent on alloys contain- 
ing | per cent aluminum, 1.3 per 
cent iron, 0.5 per cent manganese 
and copper is shown in the following 
table. 





Errect or LEAD 


57% 62% 
Property Copper Copper 
Tensile Strength, psi... — 6600 — 2800 
Yield Point, psi........... — 2600 —1010 
Elongation, per cent....—6.0 —6.0 
Brinell Hardness.......... 56 —§3 





Permissible lead content has been 
related to copper content by Halli- 
well and to tin and copper and zinc 
ratio by Hesse, Myskowski and Lor- 
ing which indicates a much more 
fundamental approach particularly 
in view of the fact that in order to 
utilize lead-bearing scrap, certain 


MANGANESE NZE 


specifications, ASTM 132-41 
body up to 1.5 per cent lead 

The conclusions of Halliwe) shoy 
copper and lead range for di ‘eren; 
mechanical properties. 


Elongation 

Tensile on2in., Copper, “d 
Strength, percent per cent r cent 

psi. 
65,000 20 56/62 0 
65,000 20 57/60.5 0.4 
65,000 25 56/60.5 Trace 
65,000 25 58.5/60 0.4 


60,000 20 56/62 0 to 0.2 

60,000 20 58/61 0.2 to 0.6 
60,000 20 585/61 0.6 t015 
Hesse, Myskowski and Loring hay: 
related the lead content to the bal 
ance of composition as follows: 


Lead, Copper-Zinc Tin, 

per cent Ratio per cent 
0.7 1.20-1.25 Under 0.6 
0.0 1.20-1.25 1.0 
1.5 1.26-1.28 0.3 to 0.6 
1.0 1.26-1.28 0.0 
1.0 1.30-1.34 0.4 to 0.6 
0.0 1.30-1.34 0 


But in the writer’s: opinion, the 
main point which has been over- 
looked by practically all workers is 
the distribution and fineness of lead 
It is believed that if due care is 
given to this point, there would be 
little difficulty in incorporating up 
to 1.5 per cent lead in many alloys 
For example, 1.3 per cent of lead 
was added to the essentially beta al- 
loy H.S.B. 44 and mechanical prop- 


erties were as follows: 


Ultimate Elongation 

Strength, on 2 in., 

psi. Per Cent 
1) annunenmoreal 102,500 20 
| Pence 102,500 20 
Required........ 98,500 13 


Then to illustrate the influence of 
distribution and particle size the fol- 
lowing test bars whose mechanical 
properties are shown below were in 
some cases cut from adjacent small 
bars and in all cases from the same 
pot of metal. The alloy without lead 
additions had a yield point of 42,700 
psi., ultimate tensile strength of 
92,600 psi. and elongation 22 per 
cent. With an addition of 0.8 per 
cent lead, results were as follows: 


Ultimate Elonegation 


Yield Point, Strength, on ? in., 
pst. psi. Per Cent 
n.e. 69,500 10 
37,600 77,000 21.5 
33,000 79,000 26.0 
31,800 65,000 7 


It would appear that the gre test 
lowering in mechanical prop: tes 
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Fig. 3—Curves designed to show effect of tin and lead on tensile properties of manganese bronze. 


occurs with the addition of the first 
half per cent of lead, this is shown 
in Fig. 3 which is a replot of some 
published results. In assessing the 
value of lead in manganese bronze, 
its beneficial effect on corrosion re- 
sistance in many cases should not be 


overlooked. 


High Aluminum Alloys e.g. H.S.B. 
#4. As aluminum is the element 
which gives rise to great increases 
in strength, so accordingly it is found 
that the high strength manganese 
bronzes having tensile strength of 
98,500 psi. and over are high in alu- 
minum. For example, with appro- 
priate composition, Duma uses an 
alloy containing 4.5 per cent of 5.7 
per cent aluminum to produce an 
alloy having an ultimate tensile 
strength of 100,000 psi. maximum. 

lhe following may be taken as a 
typical composition of H.S.B 44 al- 


loy 


Element Per Cent 
CODUUT | «ss sdcatensabeceebdeaaketil 62.25 
AMIS io. cnsiticnesatactitons 4.5 
lror Re eT 1.50 

inganese 2.25 

( PME AOS Lee eS Balance 

he zine equivalent of the alloy 
using Guillet’s equivalents (but real- 
izing their limitations) is 49.6 per 


Using three-component repre- 


sentation, the alloy reduces to the 
following: 
Aluminum 4.5 per cent 
Equivalent Zinc . 32.4 per cent 
Equivalent Copper....63.1 per cent 
From the zinc equivalent of 49.7 
per cent reference to the copper-zinc 
phase boundaries due to Deven and 
Pickup shows the alloy consists of 
beta with some gamma which means 
it would be brittle. Using an older 
diagram which places the boundary 
at 50 per cent is a little more com- 
forting, but not very helpful. 


Considering the alloy as a three 
component, one is more informative 
for reference to isothermal sections 
of the copper-zinc-aluminum §sys- 
tems. It shows the narrow range of 
composition over which solely beta 
alloys are obtained. As aluminum 
content is increased, it is necessary 
to increase copper content to avoid 
the occurence of gamma which ren- 
ders the alloy brittle. 

The avoidance of brittleness, by 
which is meant poor elongation, 1s 
perhaps the problem which is en- 
countered in this alloy rather than 
in BSS 208, Class 1 which is an alloy 
of much lower tensile strength. In- 
stead of having yield point 53,800 
psi., tensile strength 97,500 psi. and 





elongation 12 per cent, the proper- 
ties become nil, 44,200 psi. and nil 
respectively when appreciable gam- 
ma enters the structure. 

In practice this may result from 
too high a zinc equivalent, generally 
brought about by adding a percent- 
age of zinc to balance zinc loss in 
melting and the zinc loss planned 
for, not taking place. This may ap- 
pear surprising, particularly if the 
same procedure has been applied for 
duplex alloys of the BSS 208, Class 1 
type. 

But it must be borne in mind that 
the zinc loss is not as great when 
melting beta alloys. This is so be- 
cause firstly, on account of the film 
of aluminum oxide, resulting from 
the higher aluminum content in- 
hibiting the vaporization of zinc, and 
secondly there is not as much zinc 
present in the alloy, 20 per cent as 
against 10 per cent in the lower 
strength alloys. 

Returning to the study of the 
phase diagram for copper-zinc-alu- 
minum alloys, the following observa- 
tions relative to high strength man- 
ganese bronzes may be made. 

1. The phase boundaries on the 
diagram Fig. 4 are for equilibrium 
conditions or very slow cooling con- 
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Fig. 4——Isothermal sections of copper-zine-al uminum system. (After Baner and Hansen.) 
— ° ° 1000 hme! = ™ 
ditions whereas, with castings the °c cae Schm. +f |Schm.ra — Schmelze ae om 
. . le i . Ci 
cooling rate is much greater. Phis ry Schm. +60 +B Jchn+B ~~ 
has a practical consequence for the saad Schm.ra+B 
three-phase alpha-beta-gamma area +a P«% i. 
which persists at temperatures up to goo} 7 oe a eee ae 
915° C. has disappeared at 600° C. 
So, if the cooling rate of the casting 
is sufficient to retain the structure of = | 44 ‘lr 
600° C. then alloys which would a A\ Bary) y| |e B |Sey| » 
normally contain gamma would be 60e «6 ole L mi 
free of it in the cast state. aifry 
2. The maximum amount of alu- “ at | : 
° ° . $00 - 
minum at which could be used in & V3? : 
» « . -. > —_- " =} es ees e 
the alloy without entering the du ie : 
plex beta-gamma field with increase wr ioefese L | { ° 
, ? aah 4 : fy ¥ 
of aluminum or the three-phase $ 10 SO $ D — 
° ° AS482 Ltge.d 
alpha-beta-gamma_ field with  in- 
crease of copper is approximately 75,2 % Cu. 648 % Cu. 60,8 % Cu. 
6.5 per cent—with reference to the ¢ ee 
isothermal section at 475° C. which nee - aneue Schmelze | Jehmetze 
as an approximation could be con- 
Schm +B 





sidered to represent the cast alloys. 

3. Copper may not be increased 
without limit without encountering 
a field containing gamma. For 00) 
equilibrium conditions at 410° C., 
this appears to be 65 per cent and 
increases to 73 per cent at 515° C. 
For castings the limiting amount 
would be about 70 per cent copper. 600+ 

4. Reference to certain sections 
of constant zinc content Fig. 5 show 
at low temperatures, there is a field 
either three phase, or two phase con- 
taining gamma. Attention is drawn a0} ary 
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to these in the sections of constant as 5 oo 5 wm mae ; 
zinc content. eee Gew-% Al 

The implication of them is that 15% Zn 20% Zn 25% Zn 0% Zn 35% Zn 
prolonged heating at low tempera- Fig, 5—Constant zinc sections, copper of zinc-aluminum system 





tures may render the alloy brittle. (After Baner and Hansen.) 
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ASTER 


he results of heat treat- 
rs of H.S.B. 44 which 1il- 
point. All bars 
same pot of metal. 


were 


Yield Tensile Elong 
Point, Strength, on 2 in., 
ps ps per cent 
66 60K 108,000 21.0 

( 

} 58 300 100,000 10.0 

4 } 
52.000 56, 00K 0.5 

> hr 
47.200 58, 70 0.5 


ling rate of the as cast bar 
to the best mechanical 
and the brittleness of the 
and tempered bars is no- 
[The foregoing is not a com- 
ylanation of the phase 
which may occur in these 
but that 
nd tentative conclusions 


alloys indicate 
ve some practical implica- 
be drawn. 
ire, that the cooling 
issociated with casting may 


rate 


iently rapid to suppress un- 
sirable phase changes which may 

to loss of ductility. It 1s 
evaluate metal 
m the results of a chill cast 


bar if it is to be used in sand 


idvisable not to 


This may sound redundant but it 
frequently the practice to do so 
nd sufficient has been said to indi- 
that what may be regarded as 
beta alloys using a two phase repre- 
entation may really turn out to be 
undergo undesirable 
hanges in phase, at relatively low 


which 
perature. 


Tin-Bearing Bronze 
Tin- Bearing Manganese Bronze, 
BS/STA.7/C.X.3. The first 
point to be considered is the neces- 
ity for tin in these alloys. It may 
ppear redundant to discuss this, but 
it is thought necessary because some 
writers quite recently considered tin 
nanganese bronze unnecessary 
ind undesirable. It is undesirable be- 
cause of the brittleness which results 
irom excessive tin, and which may 
when a amount of 
idded to an unsuitable com- 


- 


suitable 


But tin has a definite function; it 
onfer increased corrosion re- 
and while this is doubted 


e, there is no doubt in the 


writers mind concerning its value 


regard. It is not appropriate 
ider in great detail the “tin 


lree manganese bronzes” for 


a large number of corrosive media 
but some remarks will be made con- 
cerning the corrosion of manganes« 
bronze in sea water 

Arising out of a discussion of cop- 
per sheathed vessels with manganese 
bronze propellors, some experiments 
were made by taking copper sheet 
and specimens of manganese bronz: 
whose superficial areas were approxi 
mately in the ratio of the areas of 


these materials when used on_ the 


wooden boats. 


Corrosion Resistance 
The 


on the 


manganese bronze was placed 
copper and the lot immersed 
in sea water which was agitated for 
+ hr. daily. Three grades of manga- 
nese were used. 

1. Beta alloys 


9 


H.S.B. 44 
Duplex alloy alpha and beta 
BSS 208 Class 1 

. CAs 


0.7/1.4 per cent tin 


which contains 


while the other two specimens were 
tin free. 

The behavior of the three speci- 
The tin-free 
alloys rapidly dezincified, a white 
‘*growth’’ formed 
around them and beneath which was 
the usual copper color dezincified 
The C.X.3 did not behave 


in this manner, it did not dezincify, 


mens was as follows: 


non-adherent 


surface. 


but the beta areas were corroded in 
preference to the alpha. 


Loss in weight of the specimens 


under these conditions was as fol- 
lows: 
Loss in weight 
Milligrams 
Alloy sq.cm./24 hr 
C.X.5. 0.134 
BSS 208 Class 1 (no tin 2.15 
HSB 44 (no tin) 2.74 


The time of immersion was of the 


order 300 hr. and the superior be- 
havior of the tin-bearing alloy is evi- 
dent. 
the expected performance, Hudson 
considers that if the loss in weight 
does not exceed 0.7 milligrams/sq. 
cm. per 24 hr., satisfactory perform- 


In order to give some idea of 


ance may be expected. 


Dezincification 


Hesse, Myskowski and 


Loring 


found that tin was the most effective 
element in inhibiting dezincification. 
They used an accelerated test involv- 
ing hydrochloric acid as a corrosive 
media and determined the ultimate 
tensile 


strength at intervals. A 
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summary of their results is given be- 


low in psi 


After After 

Alloy Original I week weeks 
Contatnir 
No tin 68,500 18.100 0 

tin 69.700 50.900 29.000 

. tin, 

14% lead....68,900 58.200 $8,000 
0.5% lead 62,300 38.900 100 
{) 1* ’ 

phosphorus..61 ,000 26.500 8.950 
0.24% arsenic 64,100 37.800 7.900 
0.15% 

antimony 61.300 13.600 0 


Concerning galvanic action, prac- 
tically all lists of potentials (relative 
different 


sea water do not distinguish between 


to calomel) of metals in 


tin-free and tin-bearing manganese 
bronze and frequently do not show 
composition. The potentials in sea 
water of the three grades of manga- 
relative to saturated 


nese bronzes 


calomel half cell are 


Alloy Volts 
C.X.3 0.29 
H.S.B. 44 0.35 
BSS 208 Class 1 0.33 


The above serves to show the rela 
tive values but a lot more detail is 
necessary to fit them into some of the 
more comprehensive published lists 
Without going deeply into the mat- 
ter, it may be said that such matters 
as polarization and relative areas 
must be considered when applying 
these tables of potentials 

Examination of several of the 
published ones, show the order of 
some metals is slightly different from 
others but one repeats that detailed 
qualifications of conditions is neces- 
sary. interested in this 
matter, the work of LaQue and 
Cox** is very comprehensive. 


For those 


It is, perhaps, appropriate to close 
these notes on corrosion resistance 
with a reference to the use of copper 
sheathing in conjunction with man- 
ganese bronze propellors. Published 
opinion does not recommend it. 

In discussion of Parsons and 
Cooks’ paper in Transactions of In- 
stitute of Naval Architects (1919), 
Sir John Thornycroft drew attention 
to the fact that corrosion of the pro 
pellor may occur in a copper bot- 
tomed boat. Murphy*® and Hensel** 
have expressed similar views 

The writer understands, however, 
that some degree of satisfactory serv- 
ice has resulted from copper sheath- 
ing in conjunction with tin-bearing 
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manganese bronze, and in fact the 
accelerated corrosion test tends to 
confirm such to be the case but one 
would not view this practice with 
great enthusiasm because of the 
many variables encountered in ship 
corrosion. A few of these are, tem- 
perature of the water, nature of the 
water, e.g. fresh water, water near 
decaying vegetable matter, nature of 
the port in which the vessel is plying 
or is tied up. 

Frequently when one investigates 
the composition of alloys quoted by 
work with the object of demonstrat- 
ing the ill effects of tin on the me- 
chanical properties, it is seen that tin 
is incorporated in unsuitable compo- 
sitions, for example the aluminum is 
unduly high. Following is such an 
example: 





Element in per cent Alloy . 
or Property Tin-bearing Tin-free 
IIE sciniieccinttsnsininictiaronnas 62.25 62.5 
cS ARS ee 1.0 Nil 
III nside sicttsithenscriatnede 3.0 3.0 
I Bots is ae 2.0 2.0 
DEAREBMOE oncicccs cs ccsece0s. 2.5 2.5 
I rathathctscnitisececn vicunecatl 29 30 
Yield Point, psi............... 51,500 49,300 
Ultimate Strength, psi....98,500 94,000 
Elongation, per cent...... 14 25 


At first sight it would appear that 
the above is evidence of the ill effects 
of tin on the mechanical properties 
of manganese bronze, but attention 
is drawn to the high aluminum con- 
tents. 

Alloy C.X.3 Properties 

Dealing now with the constitution 
and properties of C.X.3 its specified 


composition is as follows: 


Element Per cent 
IND sactstneicsnsacuadoaies 55 to 57 
, Se ee 0.7/1.4 
eee ae ee 0.2 max. 
I seaidesctcasttttobunsaee 0.5 to 1.5 
Manganese ................ 0.05 to 0.5 
| ERE ae. 0.2 max. 
Aluminum ................ 0.05 to 0.5 
Other elements .......... 0.1 
IE i chien hk chase Balance 
Equivalent zinc.......... 46 max. 


The limitation of zinc equivalent 
implies a further restriction on 
choice of composition for the speci- 
fied range of composition has a mini- 
mum zinc equivalent of 43 per cent 
and a maximum equivalent of 47 
per cent. Yet the specified maxi- 
mum zinc equivalent of 46 per cent 
is not without practical significance 
as regards mechanical properties as 
the following examples of test bars 
show. 


MANGANESE on; 
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Per Cent Zinc 
Fig. 6—Portion of diagram of copper-zinc-tin alloys. 
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Zinc Yield Ultimate Elonga- 
Equivalent, Point, Strength, tion, 

per cent pst. pst. per cent 
46.23 47,400 79,800 11.0 
46.30 48,400 75,200 7.0 
44.94 46,600 83,000 23.5 
44.9 38,300 78,500 34.5 


The above may be criticized on 
the grounds that limits are too small 
but it is emphased throughout that 
there are only narrow ranges when 
working with C.X.3. 

Consider now the three-compo- 
nent representation of this alloy. 
Figure 6 is an enlarged portion of 
the copper-tin system at a tempera- 
ture of 410° C. Then the limits of 
zinc equivalent are from 41.2 to 46 
per cent and one may draw a paral- 
lelogram on this copper-zinc dia- 
gram, the sides of which represent 
approximately the limits of C.X.3 as 
regards tin content and zinc equiva- 
lent of the remainder of the alloy. 

For clarity, the data shown by the 
parallelogram has been replotted on 
rectangular co-ordinates as shown in 
Fig. 7 and the boundaries between 
the regions of composition in which 
different microconstituents or phases 
occur are shown. 

It will be seen there are four re- 
gions from each of which alloys of 
differing microstructure and me- 
chanical properties may be obtained. 
It is desired to produce alloys whose 





compositions lie in the field wherein 
the structure is duplex alpha and 
beta, so the choice of composition js 
still more restricted. 

Let us make some observations 
from the phase diagrams which have 
some bearing on practical problem 


1. Gamma may be encountered 
in the microstructure, yet the alloy 
will give the desired mechanical 
properties. This may sound odd be- 
cause in the beta alloys, the gamma 
present renders them brittle and of 
poor elongation. The reason appears 
to be that in these alloys gamma is 
associated with alpha as well as beta 
and the alpha is present in consider- 
able amounts. See section of | per 
cent tin alloys in Fig. 8. 

Of course, if the gamma is asso- 
ciated only with beta then brittle- 
ness will result. At this stage, it is 
interesting to recall that brasses are 
rendered brittle by a trace of gamma, 
but bronzes can tolerate an appre- 
ciable amount of delta. Now, as the 
delta constituent of copper-tin alloys 
has a crystal structure similar to the 
gamma phase in copper-tin alloys 
it may be referred to as gamma for 
uniformity of nomenclature. 

It would appear that the differ- 


‘ence in behavior is one of kind and 


amount of associated phase rather 
than kind of alloy. Some writers re- 
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Fig. 7—Composition range of alloy C.X.3. Figure shows possible str: ture 
of alloys conforming to requirement of chemical components. 
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bove mentioned gamma 
more correctly Cu,;Sng. 
care must be exercised 
or uncontrolled and ex- 
loss can give rise to two 
posite kind. First, lower- 
nc content will lower the 
ultimate strength and 
elongation. Secondly, in 
oys the effect of lowering 
ontent is to change the 
rom duplex alpha beta, to 
e alpha, beta and gamma 


ind ugh gamma the alloy will 
ay elongation. 
Tl rather confusing, as is gen 


unexpected effect of loss of 
One of the most practical 
es of control is to melt one or 
nots of metal under different 
conditions of temperature, and also 
hold it for varying times, pouring 
test bars at intervals, the test bars are 
pulled and the metal analyzed and 
4 curve of variation of properties 
and composition against time is 
plotted simple to the example shown 
in Fig. 9. The object being, of 
course, to melt under constant con- 
ditions 
Viewing the isothermal section 
again, one sees that to maintain an 
essentially alpha-beta alloy, the mini- 
mum zinc content does not corre- 
spond to the maximum tin content 
and that a maximum zinc equivalent 
of 43.5 per cent permits the maxi- 
mum of tin to retain an alpha-beta 
structure. Beyond this point rela- 
tively small increases of zinc neces- 
sitate a rapid reduction in zinc con- 
tent to avoid the formation of an 
entirely beta structure. 
Therefore, one cannot add ¥% to 
1% per cent of zinc to make up zinc 
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Fig. 9—Effect of holding time on physical properties and composition of 
manganese bronze (C.X.3.). Size of melt, 180 lb. 


losses with the same delightful aban- 
don as in BSS 208, Class 1 because 
the tin content has important bear- 
ing on the matter. 

4. Consider the three-phase vol- 
ume alpha, beta and gamma. Figure 
10 is an attempt to show it in three 
dimensional form. The first point is 
that as temperature rises the bound- 
ary passes to higher tin contents or 
it recedes from the binary copper- 
zinc side of the diagram. 

This is of assistance in the pro- 
duction of castings because the cool- 
ing rate being faster than equilib- 
rium rates preserves a_ structure 
which is reasonably stable and free 
from gamma. In fact the faster the 
equilibrium cooling gets founders 
out of many difficulties with com- 
positions which, while within speci- 
fied limits are not within the most 


desirable range of composition. 

Following are the results of heat 
treatment on C.X.3 bars made from 
adjacent pieces of suitably headed 
stick. 


Ultimate Elongation 


Heat Strength, on 12 in., 

No. Treatment psi. per cent 
1. As cast 89,300 16.65 
2. 1 hr., 700° C., 

F.C.* 91,000 22.0 
3. 1 hr., 700° C., 

W.Q. 83,000 9.33 
4. lhr.,700°C. then 

A.C. to 500° C. 

Hold | hr. 81,400 9.33 


5. lhr.,700°C. then 
A.C. to 400° C. 
Hold 1 hr....... 

6. lhr., 700°C. then 
A.C. to 400° C. 
Hold 4 hr.. 

7. 1 hr., 700° C. 
W.Q., then 
350° C. for 1 hr. 52,000 2.0 


90,800 21.3 


88,700 18.7 
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Fig. 10—Three-dimensional schematic rep- 
resentation of 3-phase volume alpha, beta, 


gamma in copper-zinc-tin system. 
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8. 1 hr., 700° C. 

W.Q., then 

350° C. for 4 hr. 44,800 2.0 
9. 4 hr. at 350° C...86,000 14.7 
1G. BO he. at 350° C... 13.3 


*F.C.=furnace cooled; W.Q.=water quenched; 
\.C.=air cooled 

Water quenching lowers ductility 
appreciably, but water quenching 
and reheating lowers strength and 
elongation very appreciably, elonga- 
tion drops to 2 per cent. 

Examination of the microstructure 
shows that grain boundary precipita- 
tion occurs which is probably an in- 
tergrowth of alpha and gamma. The 
grain boundary phenomena was not 


perceptible in those specimens which 
had been held at high temperatures 
then cooled to 400° C. and it will be 
seen that the elongation was not 
greatly impaired. 

This brittleness may, of 
have iniportant practical 
quences particularly if a casting is 
rapidly cooled, e.g. a small one and 
then reheated to a relatively low 
temperature. The effect of reheating 
an as-cast structure is shown by com- 
paring the result of tests 9 and 10 in 
the preceding table with those of 
test 1 in the same table. 

It will be noticed that heating at 
the relatively low temperature of 


course, 
conse- 


350° C. has resulted in some de- 
crease in elongation but not a very 
pronounced one as in the case of the 
water quenched and reheated speci- 
mens. Explanation for this behavior 
is sought in the phase relationships 
in the copper-zinc-tin alloys, atten- 
tion being directed to the boundary 
fields containing gamma and alpha 
and beta. With increase of tempera- 
ture, this passes to higher tin con- 
tents—-for constant copper content 

Should the composition of 2 com- 
plex alloy be such that when the 
equilibrium at room temperatures 1's 
structure contains gamma, bu: as 4 
result of rapid cooling a structure 


4. 
a 
* 
Be 
Cs 
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sidered to be the minimum Stress 
relieving temperature, probably 500 
C. would be safer—thus avoiding 
the three-phase field with all but 
copper contents over 61 per cent 
}. On the other hand, control of 
6 er 6 + + + 4 . 
composition so that the equilibriun 






constitution does not contain gamma 
allows one to reheat at t mperatures 
of, e.g. 350° C. without any reduc- 
tion in ductility 

It is desired to emphasize that 
relatively slight differences in com- 
position will differentiate between 
alloys which behave as in (1) and 
as in (4). One of the reasons for the 
difference in mechanical properties 
between chill cast and sand cast test 
bars of C.X.3 is found in the fore- 








' 
ae : ow 25 & going. In the case of C.X.3 chill 
( ’ a ee ae, cast test bars frequently have more 

ssinzn-21 GOm-% JD Gew.-%o5n bew-Yo Sn desirable mechanical properties tl 
6217 % Cu, honstant 59.74 %Cukonstant $789 % Cu. kanstont ee ee — 
: é , sand cast test bars as is shown by 
f 11—Constant copper sections of copper-zinc-tin system the following examples of test bars 

equilibrium at high tem phase gamma containing field at cast from the same heat of metal 

is retained, their heating lower tin contents. Probably prac- Ultimate Strength Elongation 
nd towards an equilibrium tical consequences are as follows: Chit” Sand Chit" Send 
varying amount of gamma 1. Should the equilibrium struc- . 81.500 71,600 68.300 15.700 
xpected in the structure de- ture of the alloy show it to contain b) 90,500 83,000 54,900 33,600 
on whether or not equilib- gamma, then reheating a casting, é 80,600 75,700 78,500 33,600 
s reached. e.g. to stress relieve it at tempera- It is therefore unwise to subscrib« 
Study of sections of the copper tures wherein the equilibrium struc to the somewhat careless habit of 
| system in Fig. 11 and 12 ture shows it to contain gamma may evaluating manganese bronze on test 
the trend of the phase rela- result in a decrease in elongation bars without inquiring to the manner 
hips with increasing copper con- Such temperatures are of the order in which they were cast, whether 
| ® tent and an interesting and signifi- 350° to 400° C. Actually this has they be C.X.3., or duplex alpha al- 

i point arises in that increase of been found to occur loys or beta alloys. 

per results in appear of the three- 2. While 400° C. is generally con- Finally, to conclude the section 
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Fig. 12 Constant copper sections of COp per-zinc-tin system. 
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been 


C.X.5. has 


able to effect improvement in the 


dealing with one 
furnace 
the 


as the following re- 


mechanical properties by 
cooling from 
700° C. 


sults indicate. 


temperatures of 
order 


Yield Tensile Elonga- 
Point, Strength, tion 
pst ps per cent 
As Cast 45,100 81,500 9] 
Furnace cooled 
700° C 43,400 80,000 27 


General Physical Properties. These 
are in the nature of a supplement to 
the information on yield point, ulti 
elongation and 


mate strength and 


are intended for reference purposes 
Youne’s Modulus of Elasticity. 


,200,000 psi 
,800,000 psi. 


Alpha beta 
Beta 


2 
5 

Compression and Torsion. For an 
alloy having an _ ultimate tensile 
strength of 70,000 psi. and 32 per 
on 2 in. strength 


cent elongation 


data is as follows: 


Modulus of Elasticity 14,235,000 psi. 
Compression: 
Proportional limit 15,500 psi. 


Compression Strength 42,390 psi 


Torsion: 


Modulus of Rupture 61,790 psi. 

Modulus of Rigidity 4,619,000 psi. 

Shear Strength 43,190 psi. 
Endurance Limit 15,000 psi. 

(Specimens broke 20 million) 

Poisson's Ratio ......0.306 
Brinell Hardness: 

Alpha beta 110-140 


Beta 180-220 


High Temperature Properties 

Properties at Elevated Tempera- 
tures. The properties of both cast 
and 
change rapidly with increasing tem- 
perature. The tensile strength de- 
creases rapidly with temperature be- 
ing at 60 per cent of its original 
300° C.; elongation in- 
creases rapidly. It has been found 
that elongation reaches a maximum 
at about 300-350° C. As its strength 
is not elevated tem- 
peratures, due care must be given to 


drawn manganese _ bronze 


value at 


very great at 


packing propeller blades in heat 
treatment, to prevent warping. 
Properties at Subzero Temperatures. 
Ultimate Elongation 
Temperature Strength, on2in., 
"hes pst. per cent 
Room Temp. 72,500 44 
10 70,500 45 
80 75,500 43 
120 81,000 45 
— 180 94,800 cr 





Thermal Conductivity. 


Mean Temp., Calories/sq.cm./se¢ 


ie C./em. thickness 
81.5 0.171 
120.5 0.175 
181.5 0.181 
230.5 0.184 
266 0.195 
311.5 0.200 
399 — 


Electrical Conductivity. 
Alpha beta 24% of copper standard 
Beta l 


3% of copper standard 


Coefficient of Thermal Expansion 

Temp. Range, Temp. Range, 
70-200° F 70-500° F 
0.00001077 
0.0000099 


00001177 
00001160 


Alpha beta 
Beta 


Coefficient of Friction. Following 
are values of coefficient of friction of 
alloys against mild steel using static 
pressure of 10 to 120 psi. Lubricant 


was rape oil. 


Gunmetal 0.155 
Whitemetal 0.109 
Manganese Bronz 0.124 
Aluminum 0.111 
Axle Steel 0.137 


Applications of Manganese Bronze. 
Rather than present a list of known 
applications, it is proposed to discuss 
the metallurgical features governing 
the selection of the alloy for a given 
application. 

Resistance to Cavitation. Cavita- 
tional damage of metals is caused by 
the impact which results when bub- 
bles in the fluid, e.g. 
lapse upon the surface of the metal. 
Such damage is found in propellers, 
pump impellers and similar metallic 
parts. 

Of recent years, there has 
considerable research into the 
tation resistance of metals and alloys 


sea water col- 


been 
cavi- 


with the result that manganese 
bronze has been found to have high 
resistance. Those qualities which 


confer resistance to cavitation upon 
a metal are high strength and hard- 
ness, ability to take a high polish 
and retain it, good corrosion resist- 
ance, fine grain size and freedom 
from dross and inclusions. 

Thus used 


for pump runners, turbine parts, and 


manganese bronze is 
ship propellers. In connection with 
the latter, attention is drawn to the 
remarks in the historical note on the 
length of time manganese propellers 
have been used, and their magni- 
tude is indicated by the cast weight 
of the propellers used the 
“Queen Mary,” the propellers 
weighed 55 tons. 


from 





MANGANEs! 

Corrosion Resistance. B 
of its good corrosion resist 
tin-bearing manganese bro: 
used extensively for underwater fj. 
tings of ships. It finds ap) 
in pickling equipment. 

Strength. The high strenet| 
the alloys make it useful fo 
gun 
spin and gear wheels. 


applications, e.g. mountir 
In regard t 
propellers, the high strength 

thinner blades to be made which ha 
increasing the eff. 


a net result of 


T 


ciency by about 7 per cent. [1 
finds application for making nor 
sparking tools for oil and explosiy 


industries. 

Non-magnetic Quality. As the al. 
loys are essentially non-magnetic and 
strong; they are used in the con. 
struction of electrical equipment 


Substitute for Forgings. Owing t 
their high strength and aquiaxed 
grain structure which does not giv 
rise to planes of weakness in casting: 
in manganese bronze are frequently 
used to replace forgings. 


Substitute for Malleab!e Iron 
Dornblatt and Woldmann in Enzi- 
neering Alloys list alloy No. 711 and 
describe it as a substitute for mal- 
leable iron. Locally, of course, the 
millions of boot hobs which hav 
been produced may be regarded as 
a substitute for malleable iron, al 
though, of course, the manganese 
bronze is a better product. Thes 
hobs were used on boots for jungle 
wear. 

Ferrous materials were reported 
to be unsatisfactory owing to corro- 
effects, zinc-base die 
wore out in a matter of hours, so did 
brass, but manganese bronze 
mum hardness 170 V.P.N.) 
much longer life. Some 
were supplied for this rather inter- 
esting application of manganese 
bronze. 


sion castings 


mini- 
had a 


millions 


Antifriction Properties. Manga- 
nese bronze finds application for 
bearing where heavy loads are « 
countered, e.g. trunnion bearings 
this regard, it is well to employ com- 
positions which are of the higher 
copper, higher aluminum variety, 4 
certain compositions are unsatis{ac- 
tory in their behavior. 

Specific Tenacity. This empirical 
factor relates the strength of the ma- 
terial to its specific gravity and ¥ 
useful for forming an estimate © the 


n 
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STER 
omponent in relation 


bronze has about the 
fic tenacity of copper- 
#§ s the table shows, and 
influences its selection 
vlications where weight 
trength is an important 


Specific 

Tenacity 
alpha beta) ....10,976 
beta) 13,888 
4 onze 13,440 
+ I 7,616 
\ 15,904 
‘ 19,936 
4,600 


The 


has dealt with the cast al- 


and Conclusion. 


but the wrought manga- 

zes constitute a very im- 

roup of alloys. 

It have been inferred from 
rks made, that these com- 
ys involve complex prob- 

BS ms onstitution and methods of 

proach have been indicated, while 
hen dealing with specific types the 


nportance of phase relationships 

; been stressed. 

Fro1 the 
the alloys are very important 

that their high strength and cor- 


sion resistance allows them to be 


engineering point of 


videly used, and there appears to be 
ry good reason to adopt their use 
more widely in engineering practice. 
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H. J. Roast This is rather an ex 


ceptional paper. I want to congratulate 
Mr. Halliwell for the very masterly man- 
summarized it Phe 
trend is that of the 
importance of physical metallurgy, bring- 


ner in which he 


general increasing 
ing in, as it does, advanced mathematics 
and the new atomic theories, as we have 


recently had more reason to look into 


them, since the atomic age 
The practical foundryman may not 
get a great deal from this paper, but the 
theoretical metallurgist should pay a 


I fee ] we 


should record very definite appreciation 


great deal of attention to it 


of this pape 


Mr. HALLIwe.i In reading over 
this paper I was impressed with the 
amount of tin permitted in Australian 


specifications. I am not familiar with the 
British or 
from the amount of aluminum herein in- 
dicated to be 


a high strength alloy. It has been our 


Australian specifications, but 


present, I would expect 


experience that with the exception of 


the 60-70,000-psi. alloy, tin reduces the 


elongation in the high-strength (beta) 
alloys 
Canadian Bronze, Montreal, Quebec, Canada 









PRODUCING BOMB CASTINGS 


by Use of the 


CORE BARREL 





Basil Gray 


English Steel Corp. Ltd. 
Sheffield, England 


DuRING THE WAR the output 
of the steel foundries of Great Brit- 
ain was more than doubled by the 
additional output from new, govern- 
ment sponsored factories managed 
hy existing firms, and by converted 
iron foundries. These projects, the 
castings produced as a result of them 
and the methods employed could 
well supply appropriate subjects not 
merely for one but for several ex- 
vthange papers. Some of the mass- 
designed to 
produce bomb cases and tank track 
links, for 
mechanized that castings up to 500 
lb. in weight were produced with a 
comprising, in 
cases, 80 per cent women. 


production foundries 


instance, were so fully 


labor force some 
Good Cooperation 

In the many developments in tank 
armor castings the leading producers 
co-operated to a degree previously 
unknown, with excellent results, as 
shown by the improvement in qual- 
ity and technique that followed. The 
co-operation, started in this way, has 
engendered a new spirit in the steel 
castings industry of Great Britain, 
and today the British Steel Foundry 
Technical Association, which in it- 
self would form the subject of an 
interesting talk, is a live organiza- 
tion in which members of some 80 
per cent of the foundries take an 


Presented at a Steel Session of the 
Fiftieth Annual Meeting, American 
Foundrymen’s Association, at Cleveland, 
May 10, 1946. 


with the fullest inter- 
change of ideas and information. 
Production of the “grand slam” 


and “tallboy” bombs was chosen as 


active part 


a subject, not because it supplied 
front-page news in the public press 
a year ago, but because the method 
to be described included a revised 
version of an old and little-known 
technique which, at least, in a lim- 
ited field, has proved of great value. 
Bomb Production 
Production of these bombs ( Fig. 1) 
illustrated in American 
technical journals with a creditable 
description, largely deduced from 
photographs and brief technical 
data, but the reasons for adopting 
such an unusual method for con- 
structing the core must, neverthe- 
less, have been rather puzzling to 
many detailed de- 
scription may be of interest. 
Molding with a Strickle. The 
striking up of a mold with a strickle 
(sweep) is almost as old as the art 
of founding itself, but the striking 


has been 


readers, and a 





* Twenty-fifth in an un- 
broken series of annual 
exchange papers—1922- 
1946—from the Institute of 
British Foundrymen to the 
American Foundrymen's As- 
sociation . . . the present 
paper is an example of the 
value of this broad ex- 
change of knowledge and 
practical developments for 
the common advancement 
of the foundry industry and 
international understand- 
ing. 











up of core barre] 
though also an old practice, is | 


well known. It is 


cores on a 


Britain, to some extent, by a { 
heavy steel foundries as wel! as 
iron foundries for jobbing work, | 
not often for mass production wor 


From Bells to Bombs 
Nearly 100 years ago cast 
church bells 
quantities by the author’s firm, using 
The mold w 
formed on a plate with the strick 
sweep) post fixed to it, and a bell- 
shaped cast iron piece, with ma 

perforations to allow the escape 
gases and 
over it. 


were made in som 


a similar process. 


moisture, was thread 
Loam was applied, struct 
up to shape with a strickle boar 
and dried. A clay mixture cai 
next, strickled to t 
shape of the outside of the bell and 
also dried. The 
rammed up by ordinary methods 
using the clay as the pattern o 
“thickness,” as it used to be called 
When the cope had been lifted the 
clay “thickness” 
and the mold was completed. 
Earlier samples of the 6-ton “tall- 
boy” were made by jobbing meth 
ods, using a barrel core. They had 
a number of successes, such as the 
penetration of the “U” boat pens a 
L’Orient and the collapse of the en- 
trances to an underground garage 
for the V-1 rocket planes. 
Foundry Conditions. The demané 
for maximum output which followed 
came at a time when all mechanizeé 
foundry and the heavy molding ma 
chines were fully occupied on, tank 
castings and similar important work. 
but when the heavy molding pits 
and their crews were compa. atively 
slack owing to the cessation of the 


which was 


cope was ther 


was broken awat 


used in Great 
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PART 1 PART 2 A 
(THE ONLY PART WHICH REQUIRES HEAD 
TURNING OVER.) 
SETS OF RUNNER ( NOTE- BOTH SETS FOR CLOSING 
{POTS 3” DIA 1 SET ONLY FOR POURING.) 
a 4 UV Ww 
l . 7 : 
=¢ 
~ 
a a = 
“7 
H 
| - ' = 4 4 
e a Pb ei 
1! oman] v “WU a! (oman) ala 
PART 3 PART 4 
( r heavy war production 10 tons of steel and the tallboy 6 Fig. 2—Drawing showing design of 
In the same way, steel was tons, so that the foundry had to molding boxes 


y 


if} ra 


P} 


the convenient 


btained from the electric 


ible in 


id only the 40-ton or 60- 


ypen-hearth furnaces could 


quantity necessary. 
nd slam bomb required 


(bot- 
top 


iotograph 


crand 


showing 
slam” and 


tall boy’ bombs. 


assemble eight tallboy molds or four 
grand slams at a time to make uj 
a heat. One pit, enlarged to hold 
12 boxes of tallboys, and a smaller 
one to hold four were available, but 
these pits could be served only by 
one crane. 

Cycle for melting was 14 hr. from 
tap to tap, and it was essential for 


the foundry to be able to produce 
























fast to take 
cessive heats if the rate of produc- 
The 
molds could be from the 
pit after 8 hr. and knocked out after 
24 hr., so that some 24 sets of boxes 


molds sufficiently suc- 


tion was to be maintained 


removed 


and tackle were required 


It was evident that the time taken 
to assemble the molds with the one 
crane was going to be the bottleneck 
in production, and that everything 
possible must be done to speed up 
the process. 


Special Plant Out 

In the 5th year ol war the instal- 
lation of a special plant was out of 
the question, owing to the tremen 
dous demands of D-day on the engi- 
neering shops, and the methods of 
production now described were an 
improvisation designed to meet the 
special circumstances. 

A high degree of accuracy 
required, both in thickness of wall 
and in ensure 
true flight. The poor quality of tim- 
ber available for patterns was likely 
to distort, the 
obtaining large 


was 


streamline form, to 


and 
the 
machined and pinned boxes required 


problem of 
numbers of 
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Fig. 3 (top ) 


Boxes at molding stations. 





Fig. 4 


Note method of clamping. 


(bottom )—Method of drying boxes with portable coke-fired stoves. 


for rapid and accurate closing 
seemed insuperable under the condi- 
tions prevailing. 

On the other hand, 
lathes were available to machine the 
outsides, which were therefore given 
a machining allowance. One or two 
were cast to size and proved accept- 
able, but the molds took too long to 
close and more time was required 
for finishing in the dressing shop 
where the labor force was short. 

Molds. Molding equipment fol- 
lowed ordinary practice, with pat- 
terns in sections on plates, and ram- 
ming by pneumatic hammer. Five 
boxes of special design, as shown in 
Fig. 2, were used for the tallboy, 
while the heavier bomb, of which 


sufficient 


fewer were needed, was made in a 
similar way, but in the foundry’s 
standard shallow 6 X 4-ft. boxes 
clamped together in suitable num- 
bers to bring the joints to the right 
level (Fig. 3). 

Figure 2 shows the bottom part as 


molded, with a heavy chill, separated 
from the top of the pattern by a 
thin core. The chill serves to locate 
the core and chills the heavy nose 
end of the bomb. When ramming 
up is completed the sand is strickled 
off and the bottom plate bolted on. 
The other boxes shown call for little 
explanation, but a point worth not- 
ing is the fire clay pipe down-runner 
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to the side head feeding th: 

This type of head with ngen. 
tial runner is known in Er 
a “whirlgate,” and has be: 
used in recent years. Tl 
runner and a similar dumn 
on the other side of th. 
were used with the help of 
fitting rod to locate the 
closing. The method prov 
cessful and presents advanta ' 
the more usual ball-and-socket 
vice often employed in such circy 
stances. The boxes were dried wit} 
portable coke-fired stoves (Fig 

Structure of the Main Body ( 
Normal methods of core 
tion were considered but were pn 
adopted because of the difficulty 
obtaining satisfactory wood and le. 
cause the slight adjustments tha 
might be required to the dimension 
would be more difficult. A 
stronger argument was that the core: 
used in the earlier bombs had proved 
successful, and few foundrymen ar 
in a hurry to abandon a success ir 
search of problematical economies 

Core Barrel 

As can be seen in Figs. 
the main, body core consists of re- 
fractory material built around.a wir 
cage, or skeleton, mounted on 
core barrel. 

The more common practic: 
striking up similarly shaped cores 
to build up the rough shape of tl 
core by means of fire bricks, loa 
or compo* bricks on a steel barr 


nstru 


) and t 


*“Compo” is little used in America 
The base is alumina ground in 
ordinary pan mill with a clay bond. It 


was probably the only molding materia 
used for steel castings in Europe unti 
after the discovery that some of the Bel 
gian sand deposits contained an almost 
perfect natural sand for the purpos 
Compo originally consisted of a mixture 
of the discarded pots used in the cok 
crucible melting furnaces and old fir 
bricks. In recent years the supply of th 
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bombs which have now 


wood rope; this rough, 
shape being covered with 
aterial and strickled off 
The time required for 
this 
ble, and the result is of 


a core in manner 


construction, allowing 
t contraction and con- 

of “pulls” even though 
pulled out as soon as 

is set sufficiently. 

onsidered that with a hol- 
the core would be quicker 
nd the risk of “hot pulls” 
eliminated. Its construc- 
ild be broken down into sim- 
itions requiring little skill, 
ising the expert molders for 


’ 


ning 


Inside Skin Good 
ractice it has been found that 
hundreds these 
been made 


work. 


th many of 
has been torn by contrac- 
Furthermore, the inside skin 
castings has been exception- 
yood, and one can only con- 
ide that this 
ut by the absence of severe pres- 
the 


has been brought 


contraction between 


irom 


skin of the casting and the molding 


y ! 
Clidal 


{ vé 


Barrel. Both the tallboy and 
nd slam bombs are manufactured 


limited owing to the 
duction of high-frequency furnaces, 


has been 


nd calcined high-alumina grog, as used 


the manufacture of fire bricks, has 
substituted. Where an especially 


high quality of face is required, as in 


nterior of the bombs, the mixture 
nade of the grog only, ground to a 
ecified mesh. In Germany a similar 
ixture still is used, almost universally, 


pt in light production castings. It 1s 


highly refractory when of good quality, 








nad 18 


mainly used for heavy castings 


it is used because it can be 


S Case 


pplied in a pasty condition, and is thus 


le for loam molding 





Figo. 6 


in a similar way, the only difference 
the the 
Therefore, in giving a description of 


being size of parts used 
the tackle the sizes will be given for 
the tallboy only 

The backbone of the 
12 ft. 6 in 
15 in. outside diameter, 


1% in. thick 


ast 


core 18 a ¢ 


steel core barrel long 


with walls 


As can be seen from 


the diagram (Fig. 5), the nose end 
is closed and the tail end has a 
bridging star fitted. Both the nose 
end and the star are drilled and 


tapped to take screwed trunnions 


Vents Formed 
At intervals of approximately 9-in 
pitch, holes 
bored or burnt in the barrel to form 


1'4-in. diameter, are 
vents. This is done in order to allow 
any gases which form during casting 
to pass through and up the barrel 
At the tail end 


+1/,-in 


to the atmosphere. 
of 
diameter holes. 


the core barrel are two 
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bomb core construction. 
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Method of constructing main body core 


hese holes are used for suspend 
ing the cores in a special rack while 
waiting to be put in the molds, and 
also for pulling out the barrel after 
the bomb has been cast The core 
rack can be seen in Fig. 6 

At intervals along the barrel, six 
machined in order to 
the 


iron about 


V-grooves are 
the 
which are of 
4, in. thick. 

Assembly of the 


barrel described is supported on two 


indicate location of grids 


“opt n cast” 
Cage The core 
stands by the trunnions, and the six 
cast iron core grids are placed over 
the barrel and wedged into position 


the 


steel wedges 


ove! marking grooves by two 
Through the holes in 
the grids mild steel rods of Y2-in 
diameter are passed and secured into 


position by soft wood wedges. 
Nose End Solid 
nose end of 


At the 


cage is made solid by packing be- 


the core the 


tween the grid and the barrel with 
fire brick. 
strengthen 


This is doné-in order to 
the with- 
stand the upward pressure of the 


structure to 
steel during pouring, but is not really 
necessary, as will be explained later. 

The grid at the nose end, as can 
6, has %4-in. diam- 
These 


over the fire brick and wired down 


be seen in Fig 


eter rods cast in are bent 
to give the desired shape. 
Over this steel and iron cage 1-in 


This 


is done by one operator turning the 


diameter wood rope is wound. 


whole barrel by means of a handk 
feeds the 


The rope has to be fed on 


while another operator 


rope on. 








Fig. 3 (top ) 


for rapid and accurate closing 

seemed insuperable under the condi- 

tions prevailing. 
On the other 


lathes were available to machine the 


hand, sufficient 
outsides, which were therefore given 
a machining allowance. One or two 
were cast to size and proved accept- 
able, but the molds took too long to 
close and more time was required 
for finishing in the dressing shop 
where the labor force was short. 
Molds. Molding equipment fol- 
lowed ordinary practice, with pat- 
terns in sections on plates, and ram- 
ming by pneumatic hammer. Five 
boxes of special design, as shown in 
Fig. 2, were used for the tallboy, 
while the heavier bomb, of which 
fewer were needed, was made in a 
similar way, but in the foundry’s 
standard shallow 6 X 4-ft. boxes 
clamped together in suitable num- 
bers to bring the joints to the right 
level (Fig. 3). 
Figure 2 shows the bottom part as 


Boxes at molding stations. 












Note m 
(bottom )—Method of drying boxes with port 


molded, w 

from the 

thin core. 

the core a 

end of the 

UP 1S COMPrewee see were ao ourtERICU 
off and the bottom plate bolted on. 
The other boxes shown call for little 
explanation, but a point worth not- 
ing is the fire clay pipe down-runner 
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to the side head feeding th: . 
This type of head with gen. 
tial runner is known in Er P 
a “whirlgate,” and has be: 

used in recent years. T} 
runner and a similar dumn inner 
on the other side of the tterr 
were used with the help of 
fitting rod to locate the 
closing. The method prov 
cessful and presents advanta 
the more usual ball-and-socket de. 
vice often employed in such circun 
stances. The boxes were dried with 
portable coke-fired stoves (Fig. 4). 


IGF 
BO\ 


gian sand deposits contained an almost 
perfect natural sand for the purpose 
Compo originally consisted of a mixture 
of the discarded pots used in the cok 
crucible melting furnaces and old fire 
bricks. In recent years the supply of the 
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to pass through and up the barrel 
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of the core barrel are two 414-in 


to the atmosphere. 


diameter holes. 
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bomb core construction. 

















constructing main body core 


These holes are used for suspend 
ing the cores in a special rack while 
waiting to be put in the molds, and 
also for pulling out the barrel after 
the bomb has been cast The core 
rack can be seen in Fig. 6 

At intervals along the barrel, six 
V-grooves are machined in order to 
indicate the location of the grids 
which are of iron about 
V4 in. thick. 

Assembly of the Cage. 


barrel described is supported on two 


“opt n cast” 
The core 


stands by the trunnions, and the six 
cast iron core grids are placed over 
the barrel and wedged into position 
over the marking grooves by two 
steel wedges. Through the holes in 
Ify-in 
diameter are passed and secured into 


the grids mild steel rods of 


position by soft wood wedges. 


Nose End Solid 
At the nose end of the core the 
cage is made solid by packing be- 
tween the grid and the barrel with 
fire brick. This is doné-in order to 
strengthen the structure to with- 
stand the upward pressure of the 
steel during pouring, but is not really 
necessary, as will be explained later. 
The grid at the nose end, as can 
be seen in Fig. 6, has %-in. diam- 
eter rods cast in. 
over the fire brick and wired down 

to give the desired shape. 
Over this steel and iron cage |-in 
This 


is done by one operator turning the 


These are bent 


diameter wood rope is wound. 


whole barrel by means of a handle 
feeds the 
The rope has to be fed on 


while another operator 


rope on. 
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Fig. 7—Sketch showing core locat- 
ing pin. 


carefully so that it forms a tight con- 
tinuous skin. 

Coremaking. The coremakers now 
take over the assembly, which is stil! 
on the pedestals or stands. Their 
first operation is to cover the whole 
of the structure with  semi-stiff 
“compo” loam. When the structure 
has been thus covered, long lengths 
of reinforcing %4-in. diameter rod 
are laid along the length of the bar- 
rel and pressed down into the loam. 
Wire, 1/16-in. diameter, is then 
wound tightly round the barrel at 
2-in. pitch, holding the rods in posi- 
tion and making further reinforce- 
ment. 

After drying for 4 hr. at 400° F. 
in special stoves, the core is taken 


out and, while still warm, a further 
layer of wet “compo” loam %-in. 
thick is added and roughly strickled 
to shape. Due to the heat already 
in the core this layer of loam dries 
fairly rapidly, and the coremaker 
immediately applies a coating of 
chamotte (ground calcined fireclay ) 
strickling to shape all the time. 

This is followed by a coat of alun- 
dum paint. The whole core is then 
placed back in the stove and dried 
for an additional 2 hr. Between 
operations the strickle board is ad- 
justed to give the thickness desired 
in each layer. The core is checked 
for size before and after drying, a 
profile template as well as calipers 
for diameter being used. 

Making Nose End Core. The nose 
end core is built up on a specially 
screwed pin which replaces the trun- 
nion in the main barrel. The other 
end of the pin is tapered to fit into 
the chill plate of cast iron in the 
bottom of the mold (Fig. 7). Both 
the trunnion and the chill plate are 
carefully machined as they form the 
locating point of the core. 


The pin shown in Fig. 7 1s 
mounted on a special strickling ma- 
chine. One layer of 4%-in. diameter 
twine is wound on and a coating of 
alundum loam 3-in. thick is strickled 
over the twine. An asbestos washer 
is fittted, as shown in Fig. 7. The 
whole of the trunnion is then placed 
vertically in a stove and dried at 


660° F. for 2 hr. 


The production department’s idea 
of a cage to replace the old labor- 
ious method was accepted with 
approval by the experienced core- 
makers, but they were careful to 
anchor the longitudinal rods firmly 
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to the bottom by bending ¢ nd 
into a hook. Sufficient attentic) hag 
certainly not been given to th 

in the original design. 

As production, increased, ‘De. 
rienced molders were brough: int, 
the work and this part was 
well done, with the result thar th 
steel broke through a number oj 
times owing to the core slipping wy, 
the barrel. To overcome this th 
core was filled in (at the nose end 
although no trouble was experienced 
when the experts were on the job 
These were the only occasions of 
core failure throughout the work 


Special Coremaking Tackle 

Core Drying Stoves. Owing t 
the output of bombs required jt 
was necessary to design and erect a 
battery of special core-drying stoves, 
capable of quick loading and un. 
loading. The design finally adopted, 
as shown in Fig. 8, consists of two 
trestles around which a brick wal! 
is built. 

Over the top of the brick wall 
light asbestos lined steel hoods are 
fitted, while running the length oi 
the chamber is a brick-built flue 
with outlets for hot air at intervals 
The hot air is introduced by means 
of fans coupled to portable coke- 
burning stoves. A plate on eithe: 
side of the air inlets induces a cir- 
culation around the bomb and an 
exit through vents at the bottom of 
the outer wall. 

Temperature is controlled by 
thermocouples introduced at inter- 
vals along the stove. The cores are 
moved about during manufacture on 


Fig. 8—Diagrammatic sketch of dry- 
ing stoves for special bomb cores. 
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ting beam shown in 


rt Bogies. Owing to 
of the shops it was 
the 
In order to do this 


transport cores 
ng the core a special 


ide of stock materials. 
s rested on the bogie 


the trestle at the nose 
lowing the core to be 
means of an overhead 
still on the bogie, thus 


ize to the body of the 
gie is hauled by a loco- 
carefully timed sched- 
so used for the transfer 
— 
Rack. 


s hanging on 


Figs. 9 and 
storage 
serves not only to store 
ol 


m while the temporary 


; 


it also as a means 


replaced by the locating 
covering. 
to 
the core was hanging in 
take 
the joint has to be made up 
The 
taken from the rack and 


refractory 


ther this would have be 


! which would too 


with a blow lamp 


old in a few minutes 
ing the Mold. The three 
often assembled 
the 
| 10 shows two sets side by 
ol 


DOXEeS are 


itside pit to save time, 
nto one which the core 1s 
The woman stand- 
x on the edge of the mold is hold- 

wooden wedges with which 


were d 


d is temporarily stayed. 

is left in the bottom mold 
ligt which 

guide the core centering pin into its 


the ( hill 


one molder can 


Bomb core 


Fig. 9 top 


, of bottom boxe § ; 


A core is used 
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s hanging on storage rack. Fig. 10 (bottom)—Twi 
assembled outside the pit to save time, with cor 
being lowered into one set 
to fill the hole when core setting is 


completed. 


The remaining boxes are lowered 
into position and the whole clamped 
up in the usual way. The core 1s 
held down by the special bar, which 


in turn is fastened to the box by the 


I rings and wedges. The trunnion 
Th projecting through the holding down 
7 bar can be adjusted sideways by 
wedges to center the core in the 

‘fy mold, and the adjustment of the 
E holding down pressure is also ob- 
- tained by a wedge lightly driven be- 
_| | | tween underside of bar and barrel 
AIR FLOW Care must be taken in this oper- 


ation as the wedges sometimes come 
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to the contraction of the barrel 


when cooling from the drying oper- 


ation. 
The arrangements described 
achieved their object in minimizing 
the time taken to assemble a mold to 





the extent that on several occasions 
the men closed a full cast of eight 
molds, from start to finish, in less 
than 3 hr., using only the one crane. 
The steel in the smaller 
bomb is run with a 134-in. diameter 


1 min. 40 sec. when 


Casting. 


nozzie in about 
the ladle is full, and care is taken 
to ignite the gases from the core as 
soon as they start to come-out from 
These 


principal cause of anxiety, as a hol- 


the barrel. gases were the 
low core had not been tried before 
and it was not known whether there 
would be danger of explosions. 

In practice, no explosions occurred 
unless the steel broke in, as in the 
few previously mentioned. 
Even then there was no “blow” if 
pouring was stopped at the first 
indication of trouble, and at no time 


cases 





Table 1 


Boms STEEL ANALYSIS 


Element Content, per cent 
Carbon 0.30 0.34 


Chromium 3.2 3.5 


Molybdenum 0.50 0.60 
Manganese 0.50 0.70 
Nickel 0.50 max. 
Silicon ag ” 
Sulphur 0.030 “ 
Phosphorus 0.030 “ 











was the explosion dangerous or even 
alarming to those used to dealing 
with heavy steel castings. 


Core Removal 


loose, if left for an hour or so, owing 

























Fig. 11 (above )—Special fixture for 


oil quenching the bomb casting. 
Fig. 12 (right Shot blasting th 


bomb casting. 


head crane, the cast iron grids fast- 
ened to it are broken in the process 
and the core is thus most thoroughly 
eased. The full boxes seen on the 
right (Fig. 10) are stripped after 24 
hr. The heads are burnt off hot and 
the castings charged into a furnace 
where they are annealed at a tem- 
perature of 1830° F. 

Dressing. The roughing-off oper- 
ation which follows is laborious 
with a solid core, but with the core 
construction used it is much easier. 
The remains of the grids are hooked 
with a chain and pulled out, which 
breaks up the core still further and 
makes it an easy matter to clean off 
the greater part of the remaining 
sand with pneumatic chisels and 
long bars. 


Steel Used. A _ chrome - molyb- 





denum steel with analysis range 
One-half hr. after casting the core shown in Table | was used in the 
barrel is pulled out with the over- bomb. 
Table 2 
MECHANICAL PROPERTIES DEVELOPED IN 
Boms Street sy Heat TREATMENT 
Property Heat Treatment en 
A’ B oy 
Tensile Strength, psi. 105,280 106,624 133,952 
Yield Strength, psi. 75,264 81,536 103,040 
Elongation, per cent 20.5 20.0 19.0 
Reduction in Area, per cent 49 46 44 
30 55 19 
Izod Impact Strength, ft.-Ilb 25 52 18 
28 36 20 
‘Normalized at, 1688° F. (920° C.), drawn at 1256° F. (680° C.) 
2Oil hardened at 1688° F. (920° C.), drawn at 1256° F. (680° C.) 
Oil hardened at 1688° F. (920° C.), drawn at 1112° F. (600° C.) 
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Heat Treatment. Final heat treat. 
ment of the bomb casting consist 


in air or oil hardening from 16! 
F. and drawing at 1112-1256° | 
according to specifications that we: 
amended from time to time 


A tensile and Izod 
piece cut radially from a test ring 
removed at the base of the top head 
was prepared from representative 
castings, but each casting was Bri- 
nelled in six positions taken spirally 
from the top to bottom ends. Typ- 
ical results obtained in these me- 
chanical tests are shown in Table 2 

The special fixture for oil quench- 
ing is shown in Fig. 11. It consists 
of a frame with a fixed ring at one 
end which is threaded over the nose 
while the casting is on the furnace 
car. Another ring sliding on th 
frame is then pushed over the large 
end with bars and the casting can 
then be lifted by the overhead crane 
to a vertical position and quenched 
immediately in the oil. 

Finishing. The inside of the bomb 
casting is shot blasted in what was 
a rotating table wheelabrator ma- 
chine, altered to suit the work. The 
wheelabrator roof was removed and 
the bomb slung in its place from 4 
beam. The bomb is rotated by fibre- 
covered friction wheels bear 
its outside and driven through V- 
belts by the motor that previous! 
rotated the table. 

A long blast pipe with novzie 
right angles is fed up the bom ! 


impact 











Pressure testing of bomb castings 


f machine shop where bomb castings 


were finished. 


Fig. 15—Finished bomb with fin. Fig. 16—Inside of U-boat pen at l’Orient after bombing 











Fig, 17 (top) 


Same viaduct (Fig. 17) after near miss by “ 


means of the winch and wire rope 
Fig. 12. The 
the core in giving a clean skin re- 
sults in little further work being re- 
quired on the inside after shot blast- 


shown in success of 


ing, except at the nose end which 
cannot be reached by the shot. A 
smooth surface is required to avoid 
danger while filling with explosive, 
but, in spite of that, welding was 
seldom necessary. 

This is not the place to describe 
the machining operations, but a few 
views of the machine shops (Figs. 
13 and 14) may be of interest. Fig- 
ure 15 shows the bomb as carried 
in the aircraft, its tail being about 
22 ft. long. 

Targets. A short account of the 
results obtained with the bomb may 
be excused, although the destructive 
power of the atomic bomb tends to 
make all earlier bomb types seem 


Bielefeld railway viaduct from the air. 








bottom 


Fig. 18 


grand slam” bomb 


obsolete. Nevertheless, the ‘Grand 
Slam’ R.A.F. had 


proved themselves the most destruc- 


bombs of the 


tive and at the same time the most 
accurate bombs of their time. 

Mr. Wallace, already 
the inventor of the “geodetic” con- 
the Wellington 
bomber, and of the special bombs of 


famous as 


struction used in 
another type that were used to blow 
up the Mohne dam on the River 
Ruhr, conceived the idea that the 
detonation of a bomb with a heavy 
bursting charge that would pene- 
trate deep into the earth’s surface 
would produce earth tremors 
amounting to a small earthquake. 
Penetration was to be obtained by 
the weight of the bomb and the 
height from which it was dropped: 
accuracy, by careful streamlining 
and a weight that was little affected 
by air currents; the earthquake by 





PRODUCING Bomes ( 


the explosion of a bomb wit 
container of high tensile a 
and the heaviest possibk 
charge. 


The U-boat pens at H 
a relatively small targ: 
hit by 12 out of 18 bombs 


proportion perforating the 2 
of concrete with which they 
One of the 
thought to have sunk two 


vided. near 1 
anchor in the harbor nearby 
16 shows the inside of a U-b 
at Orient after a bombing 

Another target, shown in |] 
is the Bielefeld 
which carried the last 
line railway to Belgium a: 
Ardennes, during the fightir 
1945. Ord 
bombs had been showered lik: 
stones at this bridge but had 
chipped off bits of it. 

The first grand slam bomb 


railway 
uncut 


in the spring of 


was dropped just shook the n 
to pieces. It was a near miss 
an altitude of 


ft. to the north (Fig. 18). Th 


15,000 ft., about 


nar 


} 


SU 


soil was so badly shattered th 


was thought hopeless to bridg 


gap and the railway was diverted 


This paper described one m« 
of making this 
casting, but it should be menti 


somewhat un 


that it has also been made su 
fully by more normal methoc 
another foundry in Scotland, 
also in a foundry in the U.S.A 

It has made in 


also been 


U.S.A. from a welded tube to whic! 
castings were welded to form 


nose and base. Nevertheless. 


is no doubt that if the job ha 


be started again little alterati 
method would be made 
foundry whose work is describ 

A sand slinger 
draw machine would improv: 
molding, and improv 
might be made in the constru 
of the cage for the core. Th 
of the core may be a little hig! 
that is more than offset by 
elsewhere, particularly in the 
ing shop. 


some 
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r is indebted to the 


action photographs, 
the R.A.F. and the Di- 
English Steel Corp. 
ission to publish the 


YISCUSSION 


J. W. JupPpeNntatz, Le- 
oundryv, Lebanon, Pa 

J. B. Carne, Saw- 

Lockland, 


Castings Co., 


,N CAINE Can you make 
hetween chamotte and 
ve the 


f each? 


idvantages and dis- 


uM In England, chamotte is 
compo and used to be 

from old coke-fired cruci- 

d fire-bricks and ganister. It 

heap then, as most of the 

ld was made by the cruci- 


i t is made with the crucible 
i and 20 per cent of calcined 

is is used for the best quality 
substituted. The ganister, also, 
the remainder of the mixture 

g fire-brick and clay with 10 pet 
ter The grading is 50 per 

6 B.I.S. sieve plus 22 B.1.S 





barrel is pulled out of the mold, whict 
The author forgot to mentior in the 
paper that within hr. of casting, the 
sieve with 27 per cent clay and silt grade 
This mixture stands 
firing quite well. A t 


» to IH ( 


pical sample of 


German grog fron Bochun Verein, 


Weitmar, gave a similar grading, but 


test piece fired at the same tempera 


ture squatted and was full of pin holes 

Good quality chamotte is more r 
fractory than ordinary silica sand, and 
is excellent for really heavy castings 


but gives a decidely rough skin wh 
Molding wit! 


chamotte requires a special technique ol 


used for small castings 


its own. As men that are really expert 
in its use are becoming scarce, we should 
prefer to use a silica sand if any was 
available in England of the type that 
used in America for heavy castings 
Chamotte requires to be dried at 
minimum of 400° C., and preferably at 
600° C., to drive off some of the con 
bined moisture It is, therefore, mor 
expensive than silica sand in drying costs 
The loam used for the cores of the 
bombs was made of backing sand i 
which there was a considerable portior 
of old chamotte faced with a mixture 
of pure grog and fireclay of which th 
grading was minus 30 B.L.S. sieve 88 
per cent Che paint ts made up of 
chamotte fines, ball clay and dextrin 


breaks the ends qd leaves oniv a thir 
hell ol sand i I or so thick (er 
tainly the skins left by thes core we 
so of the finest w hav \ ro 
duced 

Memser: Why was oil qu hing pi 
ferred to wate! quenching or this par 
ticular ob? 


Mr. GRA‘ We did not have i water 


quench tank that was dec] nough tor 
the casting 

H. R. McCoy Couk ‘ t 
littlh more about the type of wash used 
n the connection with hamott l 
inderstand that is was sulphor te wash 


ither thar i silica was! 
Mr. GRAY It was the sar itenal, 


only ground finer It was ipphed with 


the paint brush or spray W ise both 


It was then shcked over hand until 
smooth 

J]. A. RASSENFOSS How lone did it 
take to make one of these cores? 

Mr. Gray It took two men six hr 
I do not think it is as economical as 
makine the core in core boxes, but it 
Saves an enormous amount of time in the 
finishing work. Also it gives greater col 
lapsibility We made thousands of these 
pieces without a hot crack in a single 
casting 


Ohio Steel Foundry Co I ia, Ohio 
American Steel Foundries East Chicago, Ind 











TECHNICAL ORGANIZATION 
FRENCH FOUNDRY INDUSTRY 


* Official exchange paper presented on behalf 
of the French Foundry Technical Association 
at a Gray Iron Session at the Fiftieth Annual Con- 
vention of the American Foundrymen's Associa- 


of the 


tion, at Cleveland, May 9, 1946. 





A. Le Thomas 
President 


French Technical Committee 
of Foundry Industries 
Paris, France 


TWENTY YEARS AGO, the author 
was requested to present, in the 
name of his country, an exchange- 
paper to the International Foundry 
Congress in Detroit, 1926. He then 
chose a thoroughly technical subject. 
Owing to the fact that he always 
was strongly attracted to pure tech- 
nic, he devoted that paper to labo- 
ratory researches, workshop adjust- 
ments, adaptation of metallurgical 
and foundry possibilities to structural 
engineering requirements. Now, al- 
though his great desire for such 
knowledge and improvements has 
not lessened, he has had to devote 
himself to the task of taking up a 
broader scope which is very impor- 
tant and urgent for the foundry in- 
dustry of his country. 


Present Day Problems 


At the present time the up-to-date 
methods of work and machinery 
present problems of great extent and 
extreme complexity in many of the 
French foundries. In what follows 
the writer shows why these problems 
are put forth and discusses the 
methods which have been adopted 
to solve them. 

It is necessary to follow the evo- 
lution of. the French foundry indus- 
try, to recall the leading rank it 
held before 1914 and the consid- 
erable technical effort it furnished 
in the course of the first great war. 

Although one-third of its terri- 
tory, including the regions which 


were best provided with mines and 
metallurgical plants, was then oc- 
cupied by the invader, France had 
nevertheless succeeded in perform- 
ing a decisive part in the industrial 
production adapted to the making 
of armaments (artillery, aviation, 
etc.), which allowed it to provide 
military equipment to a_ certain 
number of our allies. 

One can easily understand in what 
state the French industry found it- 
self after World War II. Therefore, 
we must build again,’ modernize our 
machinery and revise our methods. 


Industrial Framework 

Framework of the French 
Foundry Industries. The _prevail- 
ing feature in the structure of the 
French foundry industry is the fact 
that it is scattered over the country 
with a great number of small and 
medium sized firms. For instance, 
in 1938, the last normal year before 
the war, it was estimated that of a 
total of 1,800 foundries more than 
half employed Jess than 20 workers 
each, with a combined production 
amounting to less than one tenth 
of the total trade. 

A little over one-third numbered 
20 to 100 workmen each, and_pro- 
duced together about 40 per cent of 
the total output. The remainder, 
being only 12 per cent of the con- 
cerns, had an effective force greater 
than 100 workmen, producing over 
half the total foundry output. 


There were hardly 200 firms with 

It is estimated that the reconstruction 
of destroyed buildings in France amounts 
to nearly the number of houses built in 
one century. For example, nothing is left 
in the author's native town (Brest, on 
the Atlantic) but one house fit to live in. 


more than 100 workmen each 
among which were less than 1) ex. 
ceeding 1,000 workmen. But these 
are relatively old statistics which do 
not show the present condition in 
the state of under-production and 
general ruin where the whole of th: 
French economy is still struggling 

Before discussing the consequences 
which result from these conditions 
just another word on the geographi- 
cal positions of these firms, whici 
are also natural data of the trad 
and must be taken into consider 
ation. Most of these foundries ar 
grouped in the regions of industrial 
concentration of the country (espe- 
cially where coal or iron ore is t 
be found, or in the neighborhood of 
dams)? such as: the Paris districts, 
the North, the East, the Center 
(Lyons, Ste.-Etienne) . 

Besides this, iron foundries espe- 
cially can be found in other districts 
sometimes very crowded, such as the 
Meuse and above all the Ardennes, 
a curious survival which testifies to 
ancient spots likely to be found in a 
very old country whose industrial 
past goes back many centuries. 


Small Foundries 


This predominance of small con- 
cerns (nearly nine-tenths including 
less than a 100 workmen and repre- 
senting one-half of the total produc- 
tion) has without a doubt weakened 
the industries, chiefly considering the 
seriousness of the world econom« 
crisis that raged from 1931) and 


*The North, the East, the Paris dis 
tricts, the Ardennes, etc., in conjunction 
or very near the frontier, are very vul- 
nerable to attacks. This fact, which 
might not be well known abroac, ¢* 
plains a lot of the behavior of France 
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France had scarcely be- 


in 1938. 
= tly the result was, on a 
- ket already confined by 


mplacable competition 
= h it a progressive lower- 


y and quality, so that 
- ew powerful concerns 
rs ' understood the prime 
a | nical research and could 
®§ financial cost, the indus- 


FF few real laboratories. 





x of affairs had not failed 
ss ear-sighted people who, 
for var, visioned in the vol- 
Suntan eration of firms the only 
: the weakness of their in- 
— : eans. This policy mani- 
: self in agreements, purchas- 
ict ™ inc groupings, sales combinations, 
dex and training of staff chiefs and 
these 3 ndicraft specialists. But we shall 
hd cx nention here the technica! 
I ooperation, from which was devel- 
and ® oped the French Foundry Techni- 
F + M cal Association which had almost a 
1g housand members in 1938. 
nces & Al] these initiatives were registered 
ions ™ in a large trade-union body which 
phi- ® cathered the whole trade into an 
} organization, The General Syndicate 
E f French Foundries, directed by M. 
® Maurice Olivier, whose clear think- 
are F ing and social sense is admired by all 
tri E French manufacturers. With few ex- 
spe- © ceptions all foundrymen voluntarily 
a q belong to this council, and join 
d 2 afterwards with councils of special- 
icts § ists and local councils closely con- 
nter © nected with the general syndicate. 


Organizations Necessary 


‘Pe We had already anticipated that 
— war has rendered these essential or- 
the = 
ganizations more necessary. Without 
ope even mentioning war damages (de- 
ave structions, bombardments, and loot- 
. ings, which went on from May, 1940 
_ 7 to Spring, 1945), estimated to about 
$400,000,000 (at the 1939 rate of 
exchange) for the entire trade, it is 
- evident that in the course of the last 
ing ix years, all the industrial concerns 
we- have been greatly affected in their 
* _ vos Skilled workers and 
ned weer Lanse fs were deported, dispersed, 
the and underfed. Machinery and equip- 
ak ment could not be cared for or re- 
‘ail newed Stocks, treasury and stores 
‘all kinds little by little vanished in 
dis- ‘ penury never heard of before. 
\t the same time as these com- 
nich mon calamities pointed out to our 
we indus 





lists that strength was in the 


future, the problem of professional 
reconstruction took such a hold that 
it has gone beyond individual initi- 
ative. Only the government could 
provide the indispensable material 
means necessary for the rebuilding 
sought by the French foundrymen. 
They did so by securing in a legis- 
lative measure means for financing 
of technical research 


Research Grants 


A tax established a year ago on 


the price of foundry products is 
especially granted to provide for the 
expenses of studies and technical re- 
search of the industry. One half 
keeps the Technical Center of the 
Foundry Industry, an autonomous 
establishment which is entirely de- 
voted to the study of all the trade 
technical problems. 

The other half is in 
taken over by firms, provided it is 
used for their own technical studies. 
This is, therefore, a double opera- 
tion, on one side individual, each 


principle 


foundry on its own account; on the 
other side collective, in the form of 
a professional organization managed 
by the trade, open to all its members, 
who discuss the vital questions of 
general interest and at the same time 
coordinate the individual efforts. We 
shall now see how this works in 
practice. 

The French Foundrymen’s Union 
for Technical Progress Research. 
The improvement of technical work 
of the French foundry industry is the 
result of the following cooperating 
organizations: Association technique 
de Fonderie (The French Foundry 
Technical] Association), l’Ecole 
superieure de Fonderie (Superior 
Foundry School), the finishing 
courses and those concerning train- 
ing, and le Centre technique des In- 
dustries de la Fonderie. (Foundry 
Industry Technical Center). 


Economic Interests 

These organizations are themselves 
closely connected with those in 
charge of economical and social in- 
terests, as it is a fact that technical 
development has no other aim but 
the prosperity of concerns, of the 
men who work in them and of the 
whole country. It cannot give the 
expected results without the help of 
a lasting social rule and well-seated 
economy. 


(The French Foundry Technical 


81 
Association It is hardly necessary 
to extol the French Foundry Tech- 
nical Association, so old, solid and 
cordial are the bonds that unite it to 
the American Foundrymen’s Associ 
ation. As it has an approximately 
equal number of manufacturers and 
engineers belonging to the French 
foundry industry, and also an im- 
portant number of foreign members, 
it takes an active part in lectures 
and foundry conferences 

Its organization goes back to 1911, 
and we know that many American 
fellow-members remember one of its 
organizers, Eugene Ronceray. With 
the faith of an apostle, he devoted 
the best part of his activity to pro- 
mote the ideas of technical progress, 
which is supported by our Associ- 
ations. 

The present chairman of the As- 
sociation is M. Paul Bastien, a young 
but already great scientist in metal- 
lurgy and physics, a professor in one 
of our foremost engineering colleges 
(Ecole Centrale des Arts et Manu- 
factures, Paris) and scientific man- 
ager of Schneider and Co., whose 
Creusot factories are famous all over 
the world for the extent and quality 
of their products. 


Monthly Magazine 

Right up to the last war, the 
works of The French Foundry Tech- 
nical Association were regularly pub- 
lished in a monthly magazine. Dur- 
ing the war, the situation was diffi- 
cult. Without getting down-hearted, 
the acting chairman, M. Lobstein, 
an extremely courageous man, to 
whom the French industrialists al- 
ways refer and give a foremost place 
in their councils, and next M. Chev 
enard, one of the cleverest metal- 
lurgical scientists in the world, have 
succeeded in carrying on their prede- 
cessor’s marvelous work. The month- 
ly meetings have been held but in- 
dividual lectures replaced the edi- 
torial publication. 

Actually, the lectures of The 
French Foundry Technical Associ- 
ation are published in the review, 
Fonderie, a common publication 
of the Technical Association and the 
Foundry Industry Technical Center, 
which is unique in France. 

(The Superior Foundry School). 
Of course, there are in France a cer- 
tain number of engineering colleges, 
of different grades. Some aim to de- 
velop practical knowledge, others are 
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based upon a scientific formation 
extremely far reached, while others 
are of all possible grades between 
these two extremes. 

The Superior Foundry School ad- 
mits young men already. possessing 
a serious scientific education, gener- 
ally verified by a university degree, 
having on the other hand a practical 
knowledge of the foundry work. 
This means that they have _pre- 
viously worked in a foundry, and 
they therefore, finish their training 
with one year’s study, in all details 
of the industry, from metallurgy to 
molding. 


Foundry School 

The Superior Foundry School was 
formed in 1923 by the General 
Syndicate of French Foundries, 
under the inspiration of Eugene 
Ronceray, who acquired on this oc- 
casion, a new title to the gratitude 
of the foundrymen. It is admin- 
istered by a council board in which 
professional representatives and dele- 
gates of the Ministers of National 
Education participate. 

It is now directed by M. Albert 
Portevin, orfe of the scientific and 
metallurgical persons whose true 
fame, long known in our country, 
has reached far beyond the boun- 
daries of France. 

The Superior Foundry School 
each year, trains about 20 engineers, 
who play a first-class part in our 
factories. 

Training and Finishing Courses. 
We have shown the diversified struc- 
ture of the French Foundry Indus- 
try that includes a great number of 
small concerns, to which mechaniza- 
tion has not yet been extended as 
much as one would wish. The need 
of excellent workmen, possessing 
high manual skill is greatly felt in 
our country, and we can say, that 
we have at our disposal many ex- 
cellent, trained workmen in molding 
and patternmaking. 


Staff Vacancies 

However, we have to renew con- 
stantly the vacancies that occur in 
our staff, occasioned by age, death, 
changing of situation. Our country 
has undergone an awful loss during 
the course of successive wars. 

Training, in France, is the work 
of legal dispositions, moreover, very 
elastic, as each industrialist can train 
his own apprentices through their 


working on the products he manu- 
factures. This is carried out with a 
great deal of discrimination under 
the supervision of state control. 

In fact, in most cases, the manu- 
facturers of the same districts group 
together in their syndicates to spon- 
sor a common course of apprentice- 
ship, that brings together children of 
fourteen leaving grade school with a 
knowledge of the French language 
and history, geography, and arith- 
metic. 

The training lasts three years, dur- 
ing which time the young men re- 
ceive a complement of general in- 
struction (geometry, drawing and 
technology) and learn the trade of 
a molder, coremaker or pattern- 
maker in a workshop, generally in 
a specific section of the plant, ac- 
cording to a rational program, with 
special care and attention from a 
committee efficiently directed by M. 
D. Waeles. 

Besides, the best organized schools 
develop a sporting competitive spirit 
in the young men through physical 
education. The reward is a Certifi- 
cate of Professional Aptitude for 
m.olding, coremaking or patternmak- 
ing, which assures to the young men 
who possess it to a good beginning 
wage as a skilled worker in foundries. 

Finishing Courses 

Then the better workers take the 
finishing courses for three years dur- 
ing which time the young workman 
completes his training in the same 
workshop where he is employed, re- 
ceiving at the same time, out of his 
working hours, a further training in 
algebra, trigonometry, physics, chem- 
istry, electricity, drawing, and mold- 
ing. At the end of the course, the 
proficient pupils receive a written 
professional statement certifying they 
are first class workmen. 

On the other hand, the abilities 
to perform supervisory work corre- 
sponding to the duties of foremen, 
are determined by a technical test 
which show the students’ reaction 
to certain problems involved in defi- 
nite situations. Such a test has been 
shown to be practically infallible. 

Moreover, the best pupils are sent 
to The Superior Foundry School 
where they meet young men gener- 
ally from universities, undoubtedly 
less skillful in handicraft, but having 
a higher scientific training. 

We must note here that the Di- 
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recteur de l’Enseignement | chnjq,, 
en France (Director of hnica 
Education in France), is a high ,: 
ficial on whom depends the trajning 
and finishing courses in The Sy». 
rior Foundry School (and _ [ngstir). 
tions d’Enseignement technique eq). 
responding to all crafts). He \ 

great scientist renowned for his ial 
ies of physics of material, \ 
Rolland, who has developed an 4», 
paratus to measure Young’s modyly 
of elasticity based on an incredjh) 
simple principle, which may not } 
known enough outside of France 


M. le Rolland belongs by persona! 
ability to the Conseil d’ Administra. 
tion (Administration Board) and ; 
the Scientific Committee of th 
Foundry Industry Technical Center 
So, the technical formation ; 
foundry workers and engineers 
entrusted to a highly competent per. 
son. s 


Technical Center 
The Technical Center of ti 

Foundry Industry. Birth of ti 
Technical Center. There are i 
France a great number of small and 
middle-sized foundries. We have als 
shown that in consequence of van- 
ous circumstances met in the period 
between the two wars, and yet ac- 
centuated in the course of these last 
years, it was difficult for these found- 
ries to perfect their technic and 
modernize their equipment as muc! 
as they would have liked. 


It was necessary for these found 
ries to unite in showing what eac! 
wanted and what equipment eacii 
had to sell. In this movement the 
government had to support their ef- 
fort. This was accomplished by the 
creation of the Technical Center o! 
the Foundry Industry which is ex- 
dowed with powerful means 0 
action and a very supple administra: 
tion. This organization belongs t 
the industry and is, at the same time, 
under State Control which, however, 
leaves it with freedom of action 
especially concerning the details of 
its daily activity. 


Results Obtained 


Since 1931, the necessity of the 
effort, in common with the plan © 
the technical factories, was ‘elt. In 
order to complete the excellent rt 
sults obtained by The Superio! 
Foundry School, The Found: Tect- 


nical Association and the ‘raining 
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courses, one of the 
icers of foundry pig- 
te des Hauts-Fourneaux 
vhose mines and facto- 
ted on the phosphorus 


\ 


Longwy-Brisy so well- 
Europe, had taken the 
creating a Research 


ry r, placed under the di- 
the author staffed 


tel ists and having an im- 


and 


oratory, was put at the 
ron foundries wishing to 
htait ormation of a_ technical 
ture. It seems that by this means 
es have been rendered to 
th foundries as well as to 
the Belgian, Swiss, Italian and Lux- 
mburg foundries which had great 


confidence in It 
La Fonte Published 


services were of an essen- 


These 
lly practical nature, and no fee 
was demanded. Moreover, the re- 
arch center of the foundries of 
Hauts-Fourneaux of Saulines pub- 
La Fonte to which 
any foundrymen in all countries 

consideration of 


tech- 


lished review 
had subscribed in 


its outstanding scientific and 


standing 


Further, in 1938, the author had 
been charged by the Syndicate of 
Brass Foundrymen to extend his serv- 
ices to its benefit. But the first re- 
sults of this new activity had hardh 
been obtained when war broke out. 
The French Minister of armaments 
then placed the author in charge of 
developing the manufacture of pro- 
iles in very high strength cast 


et] 
ectiles 


Iron 


In this work he was aided by one 
of his assistants, M. Guy Henon, who 
had acquired part of his training in 
the United States with the firm of 
Otis-Pifre, and a few other engi- 
neers of whom M. Jean Laine was 
ictually sent on an official mission 
for buying machinery in the States. 
\ satisfactory result was obtained in 
1 few months. 


Interests Upheld 


After the invasion of France, the 


situa was evidently changed. 
However, the industrial foundr y 
ompanies, supported by the officials 
\ the Minister of Industrial Pro- 
cuction who had the extremely diffi- 


cult x of upholding the interests 





of France before the occupation 


authorities, did not despair of pre- 
future 


welfare of which there was no doubt. 


paring our industry for the 

A great effort, in the specializa- 
tion of the works and mutual ap- 
preciation of the fundamental eco 
nomical interests which prevail in 
private concerns, was then under- 
taken. It is fitting to list here the 
names of those who were the pro- 
moters of this revival of the industry. 

Among them are Engineer Gen- 
builder of the 
splendid French war fleet, who was 


eral Norguet, the 
then committed to direct the French 
mechanical, electrical and foundry 
industries, M. Olivier, president of 
The General Syndicate of French 
Foundries, and M. Ricard, 
name is connected to the reorgan- 
industries and 
awaiting still more important duties, 


whose 


ization of our now 
to which he seems to be destined. 
because of his extreme intelligence, 
mind and 


remarkable conciliating 


vision as to possibilities. 
Technical Center Activities 
It was under these circumstances. 
even during the occupation of Paris 
and France, in 1941 and 1942, that 
created The French 


Technical Center with ex- 


there was 
Foundry 
tremely reduced means, but a mi- 
nutely prepared program with the 
future in view. 

It was first necessary to keep the 
foundries from The 
Technical Center endeavored to find 
solutions for the problems occurring 
each day caused by the constantly 
growing scarcity of raw materials of 
normal quality. An especially strenu- 
ous effort was made to prepare, for 
the future, keeping in mind the com- 
ing liberty which none of these men 
ever doubted would be achieved. 

Chief Activities of the Technical 
Center. And so came the birth of 
technical services bringing together 
specialists charged with the solving 
of technical problems laid down by 
the foundrymen. By correspondence, 
inspections and sometimes lengthy 
stays in the factories, these engineers 
contributed to the re-adjustment of 
any disturbance in the manufactur- 
ing processes, working in complete 
harmony with the local leaders. 


dying out. 


Successively, more and more re- 
quests were made to the Technical 
Center as soon as the success of these 
first surveys were confirmed. 


-- 
a“ 


Facing a great number of re- 


quests, among them many relating 


to subjects of a higher order than 
mere and simple assistance in case 
Technical 
little. since the 


the country, extended 


of sudden difficulties, the 
Center has little by 
liberation of 
its technical services by adding to its 
staff highly qualified engineers from 
the branches of the foundry indus- 
try chosen from the best technicians 


in their special fields. 


Engineer Specialists 


These engineer specialists are now 


each directing a technical service 
office covering fields such as cast 
iron metallurgy, stecl metallurgy. 


copper alloys metallurgy, light alloys 
metallurgy, molding, raw materials, 
casting surface study, plant and 
equipment and factory organization 
They play the part of real “physi- 
cians” to the foundries and answer 
all requests for advice by foundry- 


men. 


They have, at their disposal, the 
laboratory of the Technical Center, 
and can thus base their findings on 
the results of analyses, tests and re- 
searches carried out in this labora 
Their 


been 


tory. consultations have. al- 


ways given in a precise and 
conscientious manner and in an ex 
tremely practical spirit which tb 
greatly appreciated by the foundry- 


men. 


The offices of the Foundry Tech- 
nical Center are located in Paris. 
To meet the particular needs of cer- 
tain regions, where foundries of the 
same type are concentrated, local 
representatives have been appointed 
These local representatives do not 
have the same expert knowledge in 
all the details of their special field 
as do their Paris fellow members but 
are able to solve the more current 
technical problems. These regional 
representatives have, at their dis- 
posal, laboratories maintained by 
companies and syndicates of the re- 


gions, where they operate. 


Future Considered 


It is not sufficient to think only 
about the although in 
France at this time, such study of 
immediate problems is really of the 
greatest importance, the future has 


present, 


to be considered. To be prosperous. 
an industry must progress, vision and 
create new things. The creators, rich 
in ideas and capable of applying 
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them practically, are not lacking in 
France, a country, where technical 
ability was of the highest order in 
the world before the series of wars 
it has gone through. 


But, as we have said, it is the 
quantity of material which is lack- 
ing. In consequence, we have wished 
to coordinate the use of those re- 
maining and, to this task, the 
Foundry Technical Center answers 
with two series of complementary 
activities. 


Research Director 


Its services include first, a research 
director whose duty is to vision, or- 
ganize and coordinate scientific and 
technical studies that show the need 
of change, modernization and restor- 
ation of working methods in found- 
ries. The director of research, M. 
Jean Laine, will be able to devote 
his time and service to these projects 
benefiting by the very valuable in- 
formation he collected in the course 
of his recent journey to the United 
States. 


Actually, the Technical Center 
does not have at its disposal a re- 
search laboratory possessing all the 
necessary apparatus to continue in- 
dustrial tests (melting furnaces, ma- 
chinery and all sorts of apparatus) 
but this station will be erected in the 
coming years. Its present laboratory 
contains the strictly necessary appa- 
ratus for ordinary work. A complete 
research laboratory will also be built, 
meanwhile the better equipped 
among the laboratories of factories 
and universities are used. 


On the other hand, the whole 
trade joined together to participate 
in the research program. This is the 
work of technical commissions, 
which group all the best of the 
French foundry technicians under 
the direction of the Technical Com- 
mittee which is composed, under the 
author’s chairmanship, of the presi- 
dent of the Scientific Commission, 
M. Portevin, the president of the 
Technical Association, M. Bastien, 
and of the technical commissions. 


Technical Committee 


The Technical Committee plays 
the part of determining, and then 
solving the problems of general in- 
terest which make up the technical 
program, in a general policy suited 
to the needs and possibilities of our 
country. Jt is striking to witness the 


wonderful team-spirit and the pro- 
fessional consciousness which ani- 
mate the few hundred and twenty 
scientists and technical members of 
our commissions. 

It is thus they communicate, with- 
out holding anything back, all they 
know relating to problems submitted 
to their examination. They put 
freely at the disposal of their re- 
spective commissions the material 
resources of their laboratories and 
factories, to assure a good ending to 
the technical researches proposed. 

The schedule of projects laid out 
successfully have become extensive. 
The practical results are most sub- 
stantial and seem to promise, for the 
future, extremely encouraging re- 
sults. About forty research projects 
are now in progress. For each one, 
the aim to be reached is determined 
by the Technical Committee. A 
budget corresponding to an ap- 
proximate cost is fixed and placed 
under a responsible engineer who 
has charge of the study. The re- 
sults are published in the review 
Fonderie. 


Technical Papers 


However, a certain number of 
these problems require, for their 
solution, use of methods of investi- 
gation and experimental apparatus, 
whose scientific character is beyond 
normal ways of our foundries. A 
new knowledge may be reached 
capable of profitable application in 
foundries but might pass unnoticed 
by us, if no one has thought about 
establishing a “connection” between 
the scientific experts, rich in ideas 
and technical papers, and trained in 
experimental methods, and _ the 
technicians of our factories. 

This is the part played by our 
scientific commission which brings 
us the assistance of scientists and 
metallurgists, under the chairman- 
ship of M. Portevin. These persons 
assure the connection of French 
foundries with the laboratories of 
pure or applied science which they 
direct. The surveys are generally 
entrusted to young searchers, who 
work under the management and in 
the laboratory of one of the mem- 
bers of the commission, and who 
are financed by The Technical Cen- 
ter in the same way as they would 
be compensated in a factory. 


Technical Correlation of the 
Foundry with Other Industries. We 
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have just seen the astonish’ ~ cop. 
solidation that exists in the are 
industry, where numerous p»\blem 
are discussed together. It was quite 
natural that the foundryme: have 
wished to introduce this san spirit 
of understanding in their re\ation: 
with other industries, especial!y their 
customers. 


Commissions Formed 

To this end, mixed commission. 
with the customers’ industrie 
(motor car, machinery, and ship 
builders) were first formed where 
ideas and opinions, discussed with 
information based on the present 
methods, as adaptable to the foundry 
industry, were freely offered as pos- 
sibilities to the technical needs ex. 
pressed by these customer industries, 

Later on, other mixed commis- 
sions, bringing together foundrymen 
and representatives of users of 
foundry products (steel makers, min- 
ers, manufacturers and foundry 
equipment men) were charged with 
the task of making specifications for 
the quality of raw materials and 
equipment made available to the 
foundrymen. 

In all, seventeen technical com- 
missions' are at this time in full 
activity and will continue to function 
as long as the problems they are 
charged to solve will not have been 
properly answered. 

The activity of these commissions 
is lengthened by that of the Bureau 
of Standardization, associated on the 
other hand with the French Stand- 
ardization Association, the only 
French organization authorized by 
the state to approve specifications. 


Education Courses 

Moreover, every time the commis- 
sions realize the need of strengthen- 
ing, by lectures or education courses, 
the knowledge of the factory engi- 
neers, foremen, and workmen, the 
Technical Center takes charge. Its 
specialists frequently visit districts 
where certain number of foundries 
are grouped so that the local leaders 





*Under the authority of the Technical 
Committee there are: (a) scientific com- 
mission, (b) technical commissions group- 
ing foundry technicians, machinery and 
methods, metallurgy of gray iron, mal- 
leable iron, steel, copper alloys, alumi- 
num and magnesium alloys, die-casting, 
pipes, domestic heat apparatus, |a!ora- 
tories, and (c) mixed commissions with 
other industries, such as heavy anc me- 
dium-sized machinery, agricultura! ™a- 
chinery, motor cars, ship-building, «tec! 
plants, collieries. 
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can benefit from their 
wledge. 

' f Technical Progress. 
ro the spread of all new 
. ring to the technique 

y practice, orderly and 

mphlets and _ technical 
= are assembled at the 
Teck Center, together with in- 
ee ikely to improve the 
ethods applied in found- 
er these data are included 
hnical press, French or 


a ion. or collected at meetings. 
41] these documents are filed at 
the Library Service of the Techni- 
Center where foundrymen can 
locuments which are of any 
interest to them. 
But to cover more thoroughly the 


whole trade, down to its most hum- 
ble representatives, it was necessary 
tr ere ate an editorial office. 

[his important office of the Tech- 
nical Center is mainly concerned in 
publishing the review, Fonderie, 

joint magazine of the Foundry 
echnical Association and the Tech- 
nical Center which has restored with 
increased resource the previous 
French foundry publication dealing 
with the foundry in France. The 
first number of Fonderie was issued 
in January, 1946. 

It also publishes numerous pam- 
phlets which, either give the results 
of studies carried out by the engi- 
neers of the Technical Center and 
by research workers financed by it 
ifter their work has been approved 





by the commissions or, published 
lectures presented to the Foundry 
Technical Association by authorities 
of the industry. It also issues prac- 
tical handbooks for the use of tech- 
nicians and foremen. 

Finally, when the proposal for 
specifications submitted for the ap- 
proval of commissions are ratified, it 
is the editorial office that undertakes 
to have them published. 

Beginning this year, the Technical 
Center has taken charge of the di- 
rection of The Superior Foundry 
School, and, to assist financially The 
Technical Association. It is open to 
all who show initiative in develop- 
ments, beginners or newcomers be- 
ing quite sure of the moral support 
of the whole trade, and also of of- 
ficial organizations of the state. 

Its success, which is certain, re- 
sults without doubt from the need 
for progress displayed by the French 
foundry industry. It is certainly also 
due to the eagerness of its workers, 
those who belong to the staff, and 
those who devote most of their time 
to the work of commissions. 

However, an extremely important 
part of this success must be attrib- 
uted to its form of organization. It 
depends on the industry itself, sup- 
ported by a control of the State 
which has taken the necessary steps 
to have it financed by industry (in 
addition to the budget and without 
expecting too much from voluntary 
contributions) . 


The board of 


administrators 
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under the chairmanship of M. 
Ricard, in whom French foundry- 
men have great hopes, includes in- 
dustrialists and technicians of all 
social levels, and scientists, who have 
the same faith in the future of the 
institution they administer. 

Conclusion. In conclusion we 
wish to say this is how the Tech- 
nique is organized in the French 
foundry industry. By a _ powerful 
concerted effort, we mean to raise 
it from its actual inferior state, in 
which war events have placed it. 

The French Government has real- 
ized the importance of this question, 
and has brought us the inestimable 
help of an organization managed by 
industry itself, and allowed very im- 
portant grants, which the State 
merely controls. 

The French foundry industry, on 
its part, is quite determined to work 
with all its might to maintain the 
reputation, justly acquired during a 
past, full of fine technical achiev- 
ments as testified by the awarding 
of an A.F.A. Whiting gold medal 
lately to one of its most courageous 
and sympathetic representatives, E. 
Ronceray, the gentleman who has 
created The Supreme Foundry Tech- 
nical Association. 

A new effort is undertaken, on 
ruins, but with faith that ennobles 
it and which, with the help of the 
confidence of French industry, will 
give us the patience to attain results 
at which we aim, and the reaching 
of which we have no doubts. 
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MEASUREMENT AND INVESTIGATION 
ESCAPING FROM OIL CORES 


* Official annual exchange paper from the Czecho- 
slovak Foundrymen's Association presented at the 
Fiftieth Anniversary Convention of the American 
Foundrymen's Association, Sand Research Session, 

May 8, 1946, in Cleveland. 


Vojtech Volenik, D.Sc. 


Pilsen, Czechoslovakia 


OF GASES 









PRODUCTION OF COMPLICATED alu- 
minum alloy castings is closely con- 
nected with the use of oil cores. The 
hot metal at elevated temperatures 
causes decomposition of organic core 
substance and there is an evolution 
of gases, which under unfavorable 
conditions can impair quality of alu- 
minum castings. 

It is therefore advisable to de- 
velop a reliable method to measure 
gases evolved from cores and even- 
tually to determine their composi- 
tion. Methods suggested up to the 
present time were unsatisfactory for 
two reasons: (1) either they re- 
quired the preparation of a special 
core, (by ramming the sand into a 
steel tube), or (2) very small sam- 
ples weighing only some grams were 
used so that precision of the meas- 
urements was rather small. 

As it will be shown later, the dead 
space of the apparatus plays an im- 
portant part. For practical purposes 
it is expedient to use cores of dimen- 
sions usual in foundry work. When 
testing larger samples experimental 
conditions are more advantageous 
for securing precise results. 


Apparatus and Procedure 

The method suggested by the au- 
thor (Fig. | and 2) used simple cores 
which can be prepared and baked 
under routine workshop conditions 
using cylindrical cores 32 mm. in 
diam. and 100-120 mm. in length, 
weighing 100-135 grams. Naturally 
also differently shaped cores can be 
used so far as they can be inserted in 
the apparatus. 

The core is exposed to the high 
temperature without being in direct 
contact with the heated metal. The 
core as a whole is put into a steel 


tube A, Fig. 1, to be heated sub- 
sequently by a molten aluminum- 
silicon-alloy of 800-850° C. to a 
temperature near the pouring tem- 
perature of aluminum. 

The aluminum alloy is cast around 
the steel tube into a block of 
90 x 120x 220 mm. which encloses 
the greatest part of the steel tube. 
To facilitate withdrawal of the block 
from the mold, starting from the 
parting line, the casting is tapered 
on both sides from 90 to 72 mm. 

The casting has no gate and its 
purpose is only a rapid and uniform 
heating of the tested core under un- 
variable conditions. When the test is 
finished the casting is melted down 
in the furnace and the steel tube is 
ready for the next experiment (the 
casting weighs 5 kilograms). 

The steel tube has a flange. Cap 
B is fastened by screws and provided 
with a thin tube to let gases escape 
and also less volatile products of de- 
composition. The cap of the reac- 
tion chamber is heated by heat con- 
duction to such a degree that no 
condensation of water takes place 
upon it. For tightening the joint a 
packing of compressed cardboard 
was found very useful. 

The greatest part of water and tar 





2 The author describes 
apparatus and method 
suggested for measurement 
and sampling of gases 
driven off from oil cores at 
pouring temperature of 
aluminum. Accuracy of this 
method is verified on some 
core binders. 













































is condensed in a glass bulb C, 55 
mm. in diameter and further in two 
glass traps D. The gas in a relatively 
pure state reaches therefore a gaso- 
metric bottle E of a volume ap- 
proximately 10 L. The gas is kept 
over water. It is saturated with 
moisture and meets the requirements 
usual in gas analysis. 


When heated, organic substances 
in the core decompose, the most 
rapid gas evolution taking place be- 
tween the 2 and 5 min. whereupon 
the decomposition rate diminishes. 
Readings of gas volumes were al- 
ways taken for first 30 min. The 
small gas quantities which later de- 
velop need not be considered. 


Precise Method 

During the experiments a_ very 
simple and precise method for vol- 
ume measurements of the escaping 
gases by means of the mentioned 
gasometric bottle was worked out. 
Parallel to the axis of the bottle is 
fixed and with the bottle content 
connected a glass tube of 10 mm. 
inside diameter, a real water pres- 
sure gauge of high precision. 
The bottle is filled up to the stop- 
per with water and the water level 
in the side-tube is adjusted to the 
same height. When collecting the 
gas in the bottle, water is run off 
until the water levels in the bottle 
and the side-tube equalize. Under 
these conditions the water volume 
measured in a calibrated cylinder 
corresponds to the gas volume under 
the atmospheric pressure. 
By this simple and rapid proce 
dure it is possible to take readings 
of the gas evolution; every vo!ume 
determination requires only one 
reading and simultaneous vo ume 








































































and pressure readings as usual in 
gasometric work, are not needed 
4 Pinchcock The volume measurement does not 
oO e ak « s 
\ Pinchooek Pinchoogs depend on the shape of the bottle 
4 and the wall of the bottle need not 
4 be calibrated (internal diameter of 
neock the bottle being about 155 mm 
slumfaium D Che chemical composition of the 
casting . 7 
escaping gases is subject to changes 
during the decomposition of the 
: x core. It is therefore necessary to 
of = 3 : 
Stopcock mix the gas thoroughly, if an aver- 
Pinchcock ~ . : . 
%, age sample is to be taken 
Z After 30 min. the gasometric 
bottle E is disconnected from the 
— steel tube containing the core. Gas 
Diagram shows equipment used in measuring and investt- vice : : 
: mixing is achieved by pumping the 
gases escaping from oil cores; A—steel tubs receptical for : > 
: gas from the gasometric bottle E to 
wre, B—cap fastened by screws, C—glass bulb into which : 
7 a further collecting bottle F (volume 
wi and tar is condensed, D—two glass traps, E—gasometric . , 
) L) and vice versa (this procedure 
ely bottle, F—collecting bottle. 
‘ being repeated three times 
Vi 
iD. The necks of both bottles are con- 
D- 
nt nected by a flexible rubber tube, just 
ith as the tubular necks at the bottom, 
nts by lifting or lowering the bottle F 
at the beginning full of water) the 
gas is pumped from one bottle to 
™ 
another 
Ist 
e- From the smaller bottle F a gas 
Qn sample can be taken into a gas 
26, pipette provided with two stopcocks 
J. The technical gas analysis is carried 
be out by the Orsat apparatus—when 
e. possible on the same day—using 
analytical routine methods. The 
ethylene amount was checked also 
by Haber’s method (addition of 
. bromine water). 
l. , 
When heated, the core is sur- 
v . 7 . 
F rounded by ai The developing 
; . gases therefore mix with the air and 
, Fig. 2—Photograph shows arrangement of equipment used in measuring and then escape from the steel tube, but 
. investigating gases escaping from oil cores. it is inevitable that they remain to 
Table 1 
HEATING OF CorRES IN AIR AND NITROGEN 
—Volume, ce. —Chemical Composition of— Volume of Gases from 
Weight of Es- of Gases Gases from the Core, 100 Grams of Core 
R of Core, caping from Per Cent Total 
\ Core Oil Grams Gases Core CO: co H; CH, CH, Volume CO: co He CH, Cols 
Linseed oil in air 98.9 644 459 25.8 30.4 21.0 13.0 98 464 120 14] 98 60 +5 
M4 98.5 627 39] 30.1 27.6 6.1 27.2 9.0 397 120 109 24 108 $6 
Average z 28.0 29.0 13.5 20.1 94 $30 120 125 61 84 +0 
Linseed oil in 
nitrogen : 96.4 727 438 22.9 30.2 16.3 15.0 15.6 $54 104 137 74 68 71 
t 91.8 609 360 22.5 30.5 21.5 16.4 9.1 392 88 119 85 64 46 
\verage 22.7 30.4 18.9 15.7 12.3 $25 96 128 79 66 54 
Commercial core 
oil in air “ 96.9 753 543 28.1 27.5 22.5 12.3 9.6 560 157 155 126 69 53 
t 95.3 652 464 31.2 26.3 15.6 19.5 7.4 487 152 128 76 95 36 
Average m ‘ 29.7 26.9 19.0 15.9 8.5 524 155 142 101 82 44 
Commercial core 
oil in nitrogen 98.1 704 475 27.8 26.1 10.2 26.8 9.1 484 135 126 49 130 44 
O 97.9 695 434 28.2 26.9 8.5 25.3 11.1 443 125 119 38 112 +9 
Average 28.0 26.5 9.4 26.0 10.1 464 130 123 $5 121 47 
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Oil Type 

Linseed-Oil 
Series I. 
Series IT. 

Core Oil K-Group la 
Series I. 
Series II. 


Castor Oil 





Table 2 
CHEMICAL CHARACTERISTICS OF Ors USED 


saissieate pe Iodine 
— f= (Wiis) 
190 3.3 179 
185 2.4 148 
184 13.9 94 
183 16.9 64 
178.5 4.1 85 








some extent in the tube. The au- 
thor’s experiments to avoid dead 
space were unsuccessful. 

To remove the gases remaining in 
the steel tube after finishing the test, 
the same are carried away by pure 
nitrogen. It was found that for prac- 
tical purposes a nitrogen volume 
equal to the gas volume is sufficient. 
The measurement of the nitrogen 
volume is accomplished also by al- 
lowing water to run from the gaso- 
metric bottle £. 

The exchange of core-gases and 
nitrogen takes place in such a short 
time that no secondary reactions can 
be established to a greater extent. 
The above mentioned procedure of 
mixing the gas and taking the sam- 


ple is naturally carried out just after 
admission of nitrogen. 

According to the author’s method 
of calculation it is supposed, that 
oxygen and nitrogen in these experi- 
ments originate from the air only 
and not from the decemposed or- 
ganic substance. All other compo- 
nents are taken in consideration and 
in this way the influence of the air 
is eliminated. 

Analytically determined percent- 
ages of carbon dioxide, carbon mon- 
oxide, methane, hydrogen and un- 
saturated hydrocarbons (ethylene) 
are expressed in cc. per 100 grams 
of dried core substance. 

Decomposition of Cores in Nitro- 
gen. A core ready for experiment 
































Core Gas Meas MENT 


can be slipped lightly in steel 
tube (inside diameter mm 
length 235 mm.). Decomposition i 
then carried out in presenc of ai, 
It is possible to study decom: osition 
of cores in an atmosphere ©) nitro. 
gen in the same apparatus. 

This being the case the stce! tube 
is filled with nitrogen at the ven 
beginning of the experiment. Table | 
gives the results of comparative tests 
obtained on cores bound by linseed. 
oil in air and nitrogen respectively. 
The cores were baked together with 
other cores, all at the same time jp 
a workshop drying oven. 

Volumes in Table I were reduced 
to 0° C., and the pressure of 760 
mm. of mercury. The total gas vol- 
ume (expressed in cc. for 100 grams 
of core, Column 11, Table I) does 
not change in nitrogen. In the 
chemical composition a smal] shift- 
ing takes place, principally in dis- 
favor of carbon dioxide. 

During the tests of some other 
core-oils the fact was verified, that 
the total quantity of gases very little 
changes when the core decomposi- 
tion takes place in nitrogen instead 
of air. It is to be stated that in 


10O00 GRAMS 


FROM 


Cu Cm 


SCOAnRAC 





-—Volume, ce.— 


Weight of Es- of Gases 


Table 3 
LinsEED Om Data 
————Chemical Composition of. 


arm 





COPRA 


Volume of Gases from 





Gases from the Core, 


Ref. Oil, of Core, caping } naog . Per Cent 
No. Per Cent srams = Gases ore CO: co Hz CH, Cis 

First SERIES 
9 3 131.2 849 666 31.4 24.5 92 240 109 
10 132.1 826 689 $5.0 21.1 8.6 25.7 9.6 
11 136.8 910 776 30.0 25.4 7 M2 (FPL 
PGGURRD  ccicccsiverics 32.1. 23.7 73 26D - 107 
12 2.5 130.2 740 86531 32.4 285 100 19.6 9.5 
13 133.8 870 719 32.4 28.1 10.2 19.4 9.9 
14 132.2 700 570 35.8 24.6 10.3 20.2 9.1 
PIE sscscicvsininws Sao 86271 10.2 19.7 9.5 
15 2 136.7 646 488 34.9 26.8 7D §6225 7.9 
16 137.5 632 505 S78 23.1 10.0 21.8 7.5 
PVOTRME  osccesiesscoes 36.2 25.0 9.0 22.1 7.7 
17 1.5 135.4 479 346 32 233 138 180 55 
18 134.4 538 417 ore Ben Sky - ee 6.0 
PII sinkeesesinn 338 -732 %%35 A 5.8 

Seconp SERIES 

19 $ 136.3 842 628 632 223 2.9 27.4 5.9 
20 138.3 790 697 39.8 20.1 45 28.3 7.2 
a 40.5 21.3 a7°6C oS 6.6 
21 2.5 135.1 751 646 33.9 22.3 70 «= «87.7 9.1 
22 139.0 730 =6614 31.8 24.5 o.3 25.4 9.0 
PII as vicincnnosen 32.8 23.4 8.2 26.5 9.1 
23 2 136.7 673 484 38.6 22.2 6.7 25.8 6.7 
24 137.4 684 554 73 22 6.9 25.7 6.9 
25 137.1 717 584 se 2465 7 - mee 9.6 
RET . vvinrieverte 38 ~23.2 a” oe 7.7 
26 1.5 136.2 561 360 40.8 19.0 16 32.1 6.5 
27 136.4 532 407 39.7 19.8 5.5 28.0 7.0 
28 136.8 578 442 37.2 19.1 5.0 30.1 8.6 


22 5 4.0 30.1 7.4 


Volume CO;2 co H2 






100 Grams of Core, cc. 
Total 


508 160 124 47 
521 182 110 45 
566 170 143 27 
a 40 
408 132 116 41 
537. 174 —Ss 1151 55 
430 154 106 44 
458 153 124 47 
oF 6S 96 28 
367 = 138 85 37 
362 =—-:131 91 32 
255 98 59 38 
310 =117 72 40 
283 = 108 65 39 


hth io ase 


461 191 104 13 
503 200 101 23 
482 195 103 18 
477 162 107 33 
441 140 108 41 
459 151 108 37 
354 137 78 24 
403 150 94 28 
435 132 106 32 
394 140 92 28 
264 108 50 4 
298 §=6118 59 16 
323. 120 62 16 
295 115 57 12 
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| ALKYLATED CELLULOSE | 





() 0.5 1 5 2 
DRY SUBSTANCE, % 


Fig. 3 (Left, above)—Curve shows 
cc. of gases escaping from 100 grams 
of test core using linseed oil binder. 
Fig. 4 (Left, center)—Curve shows 
cc. of gases escaping from 100 grams 
of test core using commercial core 
oil binder. Fig. 5 (Left, bottom)— 
Curve shows cc. of gases escaping 
from 100 grams of test core using 
castor oil binder. Fig. 6 (Above )— 
Curve shows cc. of gases escaping 
from 100 grams of test core using 
alkylated cellulose binder. 


presence of air only small amounts 
of oxygen are taken in consideration. 
The reaction space has a volume of 
225 cc., the volume of a core is 80- 
100 cc., thus for the dead space re- 
main 125-145 cc., that is about | cc. 
per 1 gram of the core substance. 
The greatest differences were found 
for a core-oil of commercial quality 
(tests Ref. No. 5-8, Table 1). Gen- 
erally the total gas quantity in nitro- 
gen is rather lower (for above- 
mentioned oil by 12 per cent). 


Verifying the Method 


During more than two years’ test- 
ing practice on cores the author 
came to conviction that the accuracy 
of the method can be checked only 
on cores specially prepared for this 
purpose which contain known 
amounts of core-oil. 

As core sand, pure silica sand was 
used; this was washed on a sieve 
with water to remove clayey matter 
and a sand fraction under 0.088 
mm. The remainder on the sieve 
contained the following grain sizes: 


Grain Size Per cent 
0.088 to 0.2 mm........... 31.9 
0.02 to 0.3 mm........... 26.1 
Over 0.3 mm. .............. 42.0 
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Table 4 
ComMMERCIAL Core Om (K-Grovup 1a) 
—Volume, ce.— Chemical Composition of — ——————-Volume of Gases from— i 
Weight of Es- of Gases Gases from the Core, 100 Grams of Core, cc. 
Re}. Oi, of Core, caping from Per Cent Total 
No. Per Cent Grams Gases Core CO: co H: CH, C:H, Volume CO: co HH; CH, CGH, 
First SERIES 
29 3 130.3 862 654 25.9 26.4 9.4 24.9 13.4 501 130 132 47 125 67 
30 136.3 1076 918 24.3 27.1 9.6 24.5 14.5 673 163 182 65 165 98 
Average Lar poss 25.1 26.7 9.5 24.7 14.0 587 147 157 56 145 82 
2.5 131.0 589 448 42.6 23.7 11.6 16.9 $2 342 145 81 40 58 18 
2 133.4 676 557 38.8 23.8 9.7 19.9 7.8 417 162 99 40 83 33 
PPOEEE Gissicetnscics 40.7 23.8 10.6 18.4 6.5 380 154 90 40 71 25 
33 2 136.5 538 442 ee 27.7 10.5 19.0 5.$ 324 122 89 34 62 17 
34 133.7 538 408 42.2 ve & 10.0 19.5 6.1 305 128 68 31 60 18 
eres 39.8 25.0 10.3 19.2 5.7 315 125 79 32 61 18 
35 ‘2 133.3 422 255 40.4 23.2 Hua 19.2 6.0 191 77 44 21 37 12 
36 128.6 479 324 37.2 24.8 15.3 16.5 6.2 252 94 62 38 42 16 
37 131.5 492 353 35.6 22.2 17.2 19.4 5.6 268 95 60 46 52 15 
Average .............. 37.7 23.4 14.6 18.4 5.9 237 89 55 35 44 14 
SECOND SERIES 
38 3 135.5 871 652 40.9 24.4 11.0 17.9 5.8 481 197 117 53 86 28 
39 
40 134.5 738 595 39.3 24.2 12.1 18.2 6.2 442 174 107 54 80 27 
PERE aiccciicescave 40.1 24.3 11.5 18.1 6.0 462 186 112 53 83 28 
41 y Be 135.7 565 493 34.4 26.2 10.1 21.7 7.6 363 125 95 37 79 27 
42 135.3 744 606 34.4 23.6 115 23.6 6.9 448 154 106 51 106 31 
ce 34.4 24.9 10.8 a | 7.2 406 140 100 44 93 29 
43 2 135.8 573 445 38.9 20.4 12.1 22.2 6.4 327 127 67 39 73 21 
44 iao.3. S¥e 443 37.2 21.7 14.2 19.9 7.0 327 122 71 46 65 23 
Average oe... 38.0 21.1 13.2 210 67 327 125 69 42 69 =~ 2 
45 1.5 131.4 425 242 46.2 26.7 11.1 13.9 2.1 184 85 49 20 26 4 
46 132.6 438 282 41.7 24.3 12.1 15.2 6.7 217 91 53 26 33 14 
PAVOTOBE ..ccciscesies 44.0 25.5 11.6 14.5 4.4 201 88 51 23 30 9 
Table 5 
Castor Om Data 
—Volume, ceo.— =————Chemical Composition of. Volume of Gases from - 
Weight of Es- of Gases Gases from the Core, 100 Grams of Core, cc. 
Ref. Oil, of Core, caping | ssey . Per Cent Total 
No. Per Cent Grams Gases Core CO: co H2 CH, C:H, Volume CO, co Hz CH, CH, 
47 3 137.9 705 575 43.1 18.3 11.4 20.1 7.1 417 180 76 48 84 29 
48 134.1 713 601 39.5 21.8 11.4 20.4 6.9 447 177 97 51 91 31 
49 131.7 743 596 36.9 215 12.7 20.4 8.5 452 167 97 57 92 39 
PMOTOIE cescsssvecsces 39.9 20.5 11.8 20.3 7.5 439 175 90 52 89 33 
50 ao 137.9 634 475 42.7 20.5 12.8 17.1 6.9 345 147 71 44 59 24 
51 137.0 651 498 36.7 20.3 11.6 22.5 8.9 363 133 74 42 82 32 
52 137.5 678 570 37.2 20.9 12.4 21.2 8.3 415 155 87 51 88 34 
a 38.9 20.6 12.3 20.2 8.0 374 145 77 46 76 30 
53 2 137.2 578 406 44.8 20.7 13.5 15.5 52 296 133 61 40 46 16 
54 137.8 618 498 37.2 24.9 13.4 18.1 6.4 361 134 90 49 65 ye 
Average ........... 41.0 22.8 13.5 16.7 6.0 329 134 75 45 55 20 
55 133.9 482 332 44.5 18.0 15.1 16.9 55 248 110 45 37 42 14 
Table 6 
ALKYLATED CELLULOSE DaTA 
—Volume,ce.—\ -————Chemical Composition of . Volume of Gases from 
—Percentage—~ Weight of Es- of Gases Gases from the Core, 100 Grams of Core, cc. 
Ref. 0 of Dry of Core, caping from Per Cent Total 
No. Jelly Binder srams = Gases ore CO: co Hz CH, CoH, Volume CO:2 co H: CH. Ck 
56 10 1.25 132.0 849 583 198 40.5 14.0 21.9 3.8 440 87 178 62 96 17 
57 131.6 858 614 72. <3 14.9 24.0 2.3 467 82 193 69 112 11 
58 134.3 922 655 18.7 41.8 12.4 23.6 3.5 487 91 204 60 115 17 
Average .......... ‘ 18.7. 41.2 13.8 23.2 3.1 465 87 192 64 108 l 
59 8 1 130.6 668 460 18.8 41.4 15.5 23.4 0.9 352 66 146 55 82 3 
60 132.1 741 623 13.8 39.7 14.8 28.1 3.6 487 67 194 72 136 l 
a 16.3 40.6 15.1 25.8 2.2 420 67 170 64 109 10 
61 4 0.5 132.4 464 327 21.8 32.4 17.8 24.6 3.4 247 54 80 44 61 8 
62 1323. 399 215 19.6 34.0 17.0 26.8 2.6 160 31 55 27 43 4 
RIED sicicnitnn ye» & 27.8 - Gat 3.0 203 43 67 35 52 6 
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Table 7 
\LUME OF GAs IN CC. FROM | GRAM OF Core BINDER 


At 0° € Under casting Conditons 
760 mm. 750° C., 730 mm 
of Mercury of Mercury 

180 700 

165 645 

160 625 

400 1560 











1-Oil 
il of commercial quality 
Oil 
ted cellulose 
TT 
\s oil, we used linseed-oil 
whicl thoroughly mixed with 
the s sand; no further admix- 
tures W given in the cores. The 


baking was carried out in a drying- 
oven for 3 hr. at 200-210° C. Baked 
cores were uniform on the fracture. 
When heated to temperature of 
molten aluminum they darkened and 
very easily distintegrated. 

Experiments on linseed-oil were 
undertaken in two separate series 
with oil from two different ship- 
ments. Further a core oil which was 
at disposal on commercial scale in 
the war time, was tested. During the 
war core binders were graded in 
some groups (Regulation No. 43, 
November 30, 1942, Reichsstelle 
Chemie, Berlin) and in occupied 
Europe could be sold only in brands 
specified in this Regulation. 


Core Binders Used 


The tested core oil complied to 
K-Group la. Also in this case two 
series were carried out with oil from 
different shipments. At last, for 
comparison of linseed oil with a not- 
drying oil, for our experiments cas- 
tor-oil was chosen in the same quan- 
tity as linseed-oil. See Table 2. 

In addition to oils also 2lkylated 
cellulose, suggested as a core binder 
was examined. In this case the han- 
dling was rather different. Alky- 
lated cellulose is used on commer- 
cial scale in form of fine flakes 
which, stirred in water, produce a 
stiff jelly (1 part of alkylated cel- 
lulose, 7 parts of water, by weight). 

This jelly can be mixed easily with 
core sand. The test cores were pre- 
pared from the silica sand and 4, 8, 
\0 per cent respectively of the jelly. 
lhey require to be baked at sub- 
‘tantially lower temperatures (160° 
C., 3 hr.) and are not as darkened 
as oil cores, 


Results of all comparative tests 
that were carried out, were summar- 
zed in Tables 3 to 6 and plotted in 
Fig. 3 to 6. All volumes are re- 


‘ 


duced to standard conditions (0° C., 
760 mm. of mercury). 

It is to be noted that the chemical 
decomposition of cores is very com- 
plicated nature and depends on 
many factors which cannot be com- 
pletely controlled. Some tests were 
carried out always under the same 
conditions and the average values 
show a close agreement. For oil, 
where two series of cores were under 
test, there are only small differences 
in various shipments of the same 
core oil. 

Gas Quantities 

According to Fig. 3 to 6 there is 
linear relation connecting the quan- 
tity of the core binder with the vol- 
ume of gases driven out of the core. 
Under usual casting conditions 
(750° C. and 730 mm. of mercury) 
the gas volume is about 3.9 times 
greater than at room temperature. 

Unexpected is the fact that all 
tested oils show only small differ- 
ences in gas quantities (the whole 
range of mean values: 15 per cent). 
From 1 gram of alkylated cellulose 
more than the double amount of 
gases is driven off. It should be kept 
in mind that owing to its great bond 
alkylated cellulose is used in smaller 
percentage than core oils. 

In this way the disadvantage of a 
great volume of developed gases is 
compensated. Of some interest is 
also the average composition of 
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gases emanating from _ individual 
core binders. 

Gases not condensing at laboratory 
temperature are considered in the 
chemical analysis. By analysis water 
and tar formed in decomposition of 
cores are not determined. 


Simplified Testing 

If it is not necessary to know 
the chemical composition of gases, 
the method can be simplified for 
routine testing in such a _ way 
that the apparatus is calibrated in 
precise tests and its correction is de- 
termined. This procedure means a 
substantial speeding up of the work. 
It is used only to measure the vol- 
ume of escaping gases without ad- 
mission of nitrogen to the volume 
reduced to standard conditions. The 
result is then expressed in cc. per 100 
grams of core substance. The cali- 
bration of the apparatus was carried 
out for different oils, considering the 
tests summarized in Table 3 and 4 
and a good agreement was reached. 
In following Table 9, in the last col- 
umn, mean deviation of a single 
observation concerning this simpli- 
fied method is given. 

Comparison with Results of Other 
Investigators. A. Riebold and Th. 
Prinz, Die Giesserei, Sept. 6, 1929, 
p. 820, also H. Ries, “Some Foreign 
Methods of Testing Foundry Sands,” 
Transactions, American Foundry- 
men’s Association, Vol. XL, p. 355, 
(1932) discuss a method similar to 
that suggested by the author. The 
core was rammed into a steel tube 
closed at one end. The gases were 
measured by means of a rather com- 
plicated apparatus. The decomposi- 
tion of the cores took place at 1300° 
C. at temperatures which are not 
considered in aluminum foundry 





Table 8 
Mean CuHemicaL Composition oF GASES 
Driven Orr From Cores IN Per CENT 











barren P eho Hydrogen Methane Ethylene 
Linseed-Oil 
I. Series 34.9 24.7 10.0 22.0 8.4 
II. Series 37.0 21.8 5.8 27.7 77 
Mean Values 36.0 23.2 7.9 24.9 8.0 
Core oil of 
commercial quality 
I. Series 35.8 24.7 11.3 20.2 8.0 
II. Series 39.1 24.0 11.8 19.1 6.1 
Mean Values 37.5 24.3 11.5 19.7 7.0 
Castor Oil 41.1 20.5 13.2 18.5 6.8 
Alkylated Cellulose 18.6 . 38.3 15.4 24.9 2.8 
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work. The author is not aware if 
this method was later used. 


The question of gases escaping 
from cores when pouring was treat- 
ed by Dr. Klaus Grassmann of Hil- 
desheim (Germany). His method 
was introduced in some German alu- 
minum foundries as a routine meth- 
od of testing. 

Dr. Grassmann describes (Gies- 
serei, vol. 29, p. 181-185, 1942) his 
own method as follows: “In a tube 
furnace kept without interruption at 
700° C. a porcelain boat with a 
certain quantity of the core material 
is introduced (1-5 grams according 
to the expected gas amount). In 
some seconds a quantity of gas de- 
veloped can be collected over water 
or mercury and measured.” 

This description of the apparatus 
gives only little information. Fur- 
ther particulars are stated in Ger- 
man specifications for testing of core 
sand, core binders and cores (Gies- 
serei, vol. 30, p. 276-278, 1943, and 
vol. 31, p. 13-16, 1944). 


In this case Grassmann’s method 
is described as a standard method 
for testing of material. Five grams 
of core substance are taken, the sam- 
ple being burned at 700° C. 


The apparatus consists of a resist- 
ance furnace of Messrs. Heracus, 
Hanau (length 600 mm.), with in- 
eter 30 mm. and length 1000 mm.). 





The temperature is controlled by a 
Hoskins thermopile operating a cur- 
rent regulating device. Dimensions 
serted porcelain tube (inside diam- 
of the porcelain boat: 100 x 12 x 10 
mm. 

Dr. Grassmann investigated also 
cores bound by 2 per cent linseed- 
oil baked at different temperatures. 
For a sample dried at 210° C. 3 hr. 
he found the gas quantity 1400 cc. 
per 100 grams of core substance 
(loc. cit. p. 184, Fig. 2), that is a 
value four times greater than the 
one found by the author’s apparatus. 

Grassmann’s method was checked 
on cores of Series II, containing 2 
per cent of linseed-oil. A shorter 
tube was used (length 350 mm., in- 
side diameter 24 mm.). The results 
depend to a great deal on the weight 
of the specimens, the other condi- 
tions being unchanged. 

The values in Table 10 agree 
quite well with the measurements 
mentioned by Dr. Grassmann. The 
difference of both methods is based 
on their principles. In Grassmann’s 
method a mixture of gases and water 
vapor is formed in the tube. The 
corresponding volume of air is 
driven off and measured. 

In the author’s method the effect 
of air is eliminated. Water is con- 
densed so that only components 
which remain in gaseous state at the 
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Table 10 


DETERMINATION OF GAs ©. ayn. 
TIES BY GRASSMAN’S Mp: top 


Weight of the Weight of Ga: ot end 

ample, of 5 mi 

in ce. per 100 grams of 
grams core substance 

r 16.4 

3 15.2 

4 13.6 

3 12.8 


Temperature 25° C., pressure 730 mm. of 
mercury. 

Gas volumes were not reduced to standard 
conditions. 











Ou 


I. Series 
II. Series 
Core oil of 
commercial quality 

I. Series 
II. Series 

Most probable value 

of the correction 


Linseed 





Table 9 
CorRECTION OF THE APPARATUS 


Correction of Mean Error 
the Apparatus of a Single Measurement, 
in ce. in cc. 
148 +28 
144 +42 
146 =32 
149 +43 
147 














temperature of the laboratory ar 
measured. 

From these points of view the 
method of Dr. Grassmann needs g 
further elucidation of principles it is 


based upon. 


Conclusions 
The author describes a depend- 
able method for determining the 
quantity and chemical composition 


‘of gases escaping from oil cores at 


the aluminum pouring temperature. 
The resulfs of tests can be summar- 
ized as follows: 

1. The gas quantities developed 
from different oils are in a very close 
range; for this reason for commer- 
cial core oils no great differences 
are to be expected. 

2. The gas amounts set free from 
alkylated cellulose are much higher. 

3. The gas development from 
cores of various chemical compos- 
tion cannot therefore be estimated 
with a reasonable accuracy from 
their loss of weight on ignition. 
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MAGNESIUM ALLOY CASTINGS 


Metallurgical Factors to Serviceability 





George H. Found 


Dow Chemical Co. 
Midland, Mich. 


MopERN DEMANDs for effi- 
ciently designed, light-weight parts 
for mobile or reciprocating struc- 
tures has prompted the extensive 
use of magnesium alloys for such 
purposes. The uses to which these 
structural parts are put almost in- 
variably involve cyclically alternat- 
ing stresses which are impressed on 
these parts throughout their normal 
service life. For this reason, the 
service performance of light metal 
castings is frequently governed by 
the fatigue properties of the castings. 


Stress Reduction 


In parts where incidental para- 
sitic or sympathetic vibrations exist 
which lead to fatgue failure, it often 
is possible to improve service life by 
reducing the magnitude of cyclic 
loading. Frequently, this is accom- 
plished by stiffening various struc- 
tural parts with brackets and stiffen- 
ers or by the use of generally more 
rigid structures. 

In cases where the intended func- 
tions of the parts involve working 
stresses of the cyclic type, such as 
in aircraft wheels, fans, propellers, 
and certain engine castings, it often 
is impractical to consider reducing 
the magnitude of these cyclic load- 
ings. 

For this reason, an approach: to 
the problem of improving service 


Presented at an Aluminum and Mag- 
nesium Session of the Fiftieth Annual 
Meeting, American Foundrymen’s Asso- 
Clation, at Cleveland, May 7, 1946. 


performance from the aspect of in- 
creasing the resistance of the parts 
to fatigue failure, rather than from 
the aspect of reducing the amount 
of such stressing, greatly assists the 
application engineer. 

A study of the criteria and prac- 
tices used for selecting and using 
materials for structural applications, 
as well as a study of the parts them- 
selves and their service performance, 
shows that several factors contribute 
to precipitating failure by fatigue in 
light metal parts. 

Structures of the type made of 
magnesium or aluminum alloys usu- 
ally are intended to operate at high 
structural efficiency. This means 
that all of the material in the part 
would be contributing efficiently to 
the load-carrying ability of the struc- 
ture. 

When such is the case, the work- 
ing stresses usually are considerable 
throughout much of the structure, 
especially with respect to the fatigue 
strength of the structural material. 

Major attention in selecting mate- 
rials and in design usually is based 


upon the static strength properties 
of materials and not as often upon 
their fatigue properties. Reliable in- 
formation for the latter has not been 
as generally available for the the 
static properties. 

This difficulty is being relieved by 
the recent additions of information 
from laboratory fatigue tests on 
magnesium alloys*. These additions 
include advice regarding the most 
effective use of these data. 


Design Aspects 

Since the nominal strength of 
parts usually is dependent upon their 
shape and dimensions, and since 
alternating stresses are less amenable 
to prediction, stress calculations for 
parts before construction often are 
impossible or inaccurate. This has 
seriously hampered the designing of 
parts for satisfactory service life. 

However, recent advances in ex- 
perimental stress measurement tech- 





*G. H. Found, “The Notch Sensitivity 
in Fatigue Loading of Some Magnesium 
Base and Aluminum Base Alloys.” Sub- 
mitted for publication in ASTM. 





ground of understanding. 





The first in a series of papers sponsored by a new subcom- 
mittee of the Aluminum and Magnesium Divisica of A.F.A. 
This committee is entitled "Design and Stress Measurement in 
Magnesium and Aluminum Castings” with Charles E. Nelson, 
Dow Chemical Co., Midland, Mich., as chairman. It is expected 
that later papers will deal specifically with such direct subjects 
as the effects of certain mechanical finishes on castings and 
how they may be obtained; on methods of predicting and meas- 
uring stresses on experimental and production castings and how 
to design for most efficient use of metal in such parts. The gen- 
eral aim is to present actual worthwhile information on what 
factors are really important to serviceability of castings in such 
a manner that engineers and foundrymen can meet on a common 
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Fig. 1—Interface of a fatigue failure at a critical location in a magnesium that an effort must be made + 

air-conditioning fan of obsolete design. Note typical point origin of failure acquaint design engineers, 

at surface (at arrow) and evidence of progressive encroachment of jissure men. quality control men and ther 
into metal. Bending stresses predominated. metallurgists alike with the 


affecting fatigue properties 
iceability which have been 
from service and service-sii 
experiences. 

It is the purpose of this paper 
assist in remedying this last 
by arriving at some worki! 
about fatigue behavior from { 
experiences gained to date. Sever 
interesting relations found t 
between service failures and d 
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ind design are brought 
in this discussion. 
& , for the Nature of Fa- 
Importance of Points 
ind Surfaces. The static 
ross sections upon which 
yosed may be evaluated 
he aggregate strength of 
shy ss section. Thus, if any 
ikness is observed with- 
m in; tion, the static strength 
section is automatically 
in terms of the net load- 
bility of the remaining 
ve cross section. 


Fatigue Resistance 


Unfortunately, this and other sim- 
© ole conceptions of static strength do 
F as the basis for thought 
tigue problems. In other 
words. the strength to resist failure 
metal area under alternating 
stress application should not be ra- 
ed on the basis of static 
strength criteria. 

There has been a tendency to 
focus attention upon factors of rela- 
tively minor importance such as 
size, internal porosity, and 
©» other metallurgical factors rathe1 

than to consider some of the factors 

ich as designed-in stress concentra- 

surface quality, and the abso- 

‘" ite location of porosity and defects 

h have a much more important 

earing upon the fatigue properties 
serviceability of the casting. 

Shown in Figs. 1 and 2 are sec- 
tions through fatigue failures in two 

rge magnesium castings in loca- 
tions where bending stresses pre- 


Fig. 5—Fatigue failures in cast mag- 

nesium test panels showing failures 
nginating at defects (at arrows) 
uhich extend to the surface. 2X. 



















Fig. 6—Typical fatigue curve showing fatigue properties of cast panels 












































Fig. 7 (left)—Microsection of a fatigue failure induced in a part showing 

the relative independence between the course of the failure and the location 

of concentrated porosity. 50X. (Right)—Fatigue failures through a part 

showing independence between course of failure and proximity of nearby 
porosity. yi @ 
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Fig. 8—Diagrammatic views of inboard and outboard sides of an aircraft 
wheel showing location of roll test failures. 


dominated. Failure occurred at 
points of maximum tensile strength. 

In Figs. 3 and 4 are fatigue fail- 
ures induced in the laboratory in 
test bars and in a casting, respec- 
tively, by axial stresses, that is, 
stresses which are uniform across the 
cross section. 

The general appearance of these 
failures shown in Figs. | to 4 is typi- 
cal of all fatigue failures in cast 
magnesium. Fatigue failures (ex- 
cept in special cases where they are 
influenced by artificially induced, 
high surface stresses) always origi- 
nate at the surface of the metal, 
whether stressing is due to bending 
or axial loading. 

Failure Characteristics 

Failures progress inward leaving 
interfaces marked with rings or 
bands concentrically arrayed about 
the point of inception of the failure. 
In Figs. 4 and 5 it will be noted 
that failure by fatigue originated at 
visible local defects which extended 
to the surface layer. 

It is evident from these illustra- 
tions that fatigue failures always 
start at points in the surface of the 
metal and propagate inward with 
each successive cycle of stress. Fa- 
tigue strength of the metal is thus 
not as much a function of the aggre- 
gate net strength of the non-defective 


section as it is a function of the 
strength of any defective area. This 
can be thought of as a reason why 
the fatigue strength of materials is 
considerably below the ir static 
strength, as shown for a given cast 
magnesium alloy in Fig. 6. 


Relative Importance of the Sub- 
surface Metallurgy. Since the im- 
portance of the condition of the sur- 
face layers has now been empha- 
sized, it is interesting to investigate 
what influence the condition of the 
metal below the surface may have 


on the serviceability of the metal 

Examinations of many servic¢ 
parts have shown repeatedly that 
failures may occur in_ uniform) 
stressed regions through sound areas 
even as close as a small fraction of 
an inch removed from areas con- 
taining subsurface microporosity in 
various amounts. 

Figure 7 is a microsection through 
such a failure showing a fatigue 
crack which originated at a point 
only slightly removed from a regio 


Fig. 9—Sectioned out region of 
wheel in Fig. 8 showing fatigue fail- 
ure interface and subsurface por- 


osity. 6X, 
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General Indications 
discussed 
ntended to obscure the fact 
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hat failures have occasionally been 
bserved through subsurface porosity 


els and parts. 

However, the frequency of these 
urrences is not only random with 

spect to any measurable variable 

n the porosity within the tolerable 
its of porosity, but also is small 

vhen compared to the number of 


stances when failures have oc- 
ured at either defective surface 
gions or regions metallurgically 


rfect adjacent to internal defects. 
If there were no instances of even 


1 microspority located 





SERVICE FAILURE 








Fig. 1] 


ments sectioned from landing wheels. 





Cross section through seg- 








random failure through subsurface 
porosity, this would indicate that 
subsurface porosity strengthens the 


cross section, which, of course, is 
not so. 
Relative Importance of Design 


and Metallurgy. So far, the discus- 
sion has been concerned only with 
regions of cast metal which have 
been uniformly stressed. Failures 
which occur in uniform sections of 
service parts where design complica- 
tions are not involved would ap- 
proximate these conditions. 
However, critical regions in serv- 
ice castings usually are at locations 
of complex design where non- 
uniform stressing, or stress concen- 
trations, exist. Accordingly, it is well 
to consider applications which in- 
volve non-uniform stressing with 
regard to the influence of surface 


Fig. 10—Testing arrangement for fatigue tests on wheel segments. 










effects, internal porosity and design. 

An ideal example for the discus- 
sion of this subject is a certain cast 
magnesium aircraft landing wheel 
which, in its early design stage, was 
roll tested to failure. Failures oc- 
curred in the wheel short of the 
desired life. The locations of the 
failures are shown in the diagram- 
matic views of this wheel in Fig. 8. 


Observations 

It will be noted that a relationship 
exists between the location of the 
failures and the design features on 
each side of the wheel. Failures 
were confined to the fillet regions 
around the spokes on the inboard 
side of the wheel, while they tended 
to be between the fillets on the 
peripheral! side of the spoke windows 
on the outboard side of the wheel. 

Radiographic examinations re- 
vealed that microporosity existed in 
the wheel in several areas in amounts 
which approach unacceptability. 
This was an early model of the 
wheel. The foundry, therefore, had 
not cast a sufficient number to com- 
pletely solve its porosity problem. 
In a few instances the roll test fail- 
ures protruded into regions of this 
porosity, as shown in the photo- 
micrograph in Fig. 9. 

In this figure the failure interface 
is the upper edge of the metal. The 
fatigue portion (straight portion) of 
the failure originated in sound metal 
at the surface on the right side and 
extended into the area of porosity at 
the left. The jagged portion of the 
failure is the interface formed when 
the specimen was statically broken 
after it had been subdivided from 
the wheel. 

In appraising the presented in- 
formation about this failure, the 
principal conclusion reached, on the 
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basis of false conceptions about the 
factors affecting fatigue strength and 
serviceability, would have been that 
the porosity caused the failure. On 
this basis, efforts to make the wheel 
sound may have been deemed suffi- 
cient to give a serviceable wheel. 

Actually, however, the porosity 
was of minor importance and per- 
haps even inconsequential. This 
can be reasoned, first, from the fact 
that the location of the porosity is 
random with respect to the location 
of the failures. (As already observed, 
the failures were oriented with quite 
definite relation to the design of the 
wheel. ) 

In the second place, previous ex- 
periences have indicated that in- 
ternal porosity has an effect secon- 
dary in comparison to the influence 
of metallurgical conditions existing 
at the metal surface. 

Failure in this wheel, then, was 
caused only by inadequacies in the 
design of the wheel, since failures 
occurred in sound as well as in po- 
rous metal. New wheels were pro- 
duced after certain design changes 
had been made. 


Additional Determinations 

In the preceding experience with 
the landing wheel failure, it was 
stated on the basis of the tests on 
cast panels that the porosity in the 
wheel may not have been of even 
secondary importance. The results 
from a fatigue testing program 
which was carried out on a number 
of segments sectioned from a landing 
wheel of given design further sub- 
stantiate this conclusion. 

These segments were flexed to 
failure on plate bending fatigue ma- 
chines, as shown in Fig. 10. At the 
point of failure in this test, which 
was in the proximity of the location 
of service fatigue failures (See Fig. 
11) porosity existed in amounts cor- 
responding to a variation in the 
estimated tensile strength of from 
25,000 to 33,000 psi. from specimen 
to specimen. 

The results of these tests are 
plotted in Fig. 12. It will be noted 
that the test points exhibit little 
scatter despite the variation in po- 
rosity. The scatter in results that 
does exist bears no relation to the 
amount of porosity present. In fact, 
the actual fatigue strength values 
for these specimens are of the same 
order as found in cast panels of the 
same alloy of the highest metallurgi- 





MAGNESIUM ALLoy CAsTINi 






















































































































































































































































































og A ™ 
35 | a 
| —28,000 lj | TH 
| | 28,000 | 
= l [ 28,000 ||| | — 29,000 Th 
29,000 ||| ; —- 
25 1 7 26,500 ||| ae ati 
| | -26,500 
20 Tt 26,500 Hill 
29,000 
gy 33,000 
15 = he + ++ +44 29,000 pa “T — 
| it 25,000 
2 | 33,000 
: ire r 
10 | x TH 
9|/2- a TTT 
ele 4 So 
” 
71> Tir + pt 
@ 
ofS tT ob amelill 
* 88 . TENSILE STRENGTHS ESTIMATED 
¥ | FROM RADIOGRAPHS ARE TH 
WwW INDICATED. 
4 1. PS) |) eee ee CYCLIC STRESS RANGE: 0 TO — 
” MAXIMUM TENSION ON MACHINED 
| SURFACE. | r my 
3-H Pre ae + —4+— 4+ ——+-—+-+ 
ee iil) 
| | 
2 iittt/PLATE BENDING FATIGUE TEST Sell! 
| 
1TH LUVHI 
Ail | Bal | 
PHM THI 
an 
|| || | jove:.¢s To FAILURE mal 
23468 23468 23468 23468 23468 
10,000 100.000 1,000,000 10,000,000 —_—_ 100,000,000 


Fig. 12—Results of fatigue tests on wheel segments. 


cal and surface quality commer- 
cially obtainable. 

The conclusion to be made from 
the foregoing tests is that subsurface 
microporosity in amounts within the 
acceptable limits does not impair the 
bending fatigue properties of mag- 
nesium. 

Porosity Standards 

Several interesting relations be- 
tween service failure and defects in 
metallurgy and design have been 
shown. However, it is not intended 
that confusion be left regarding how 
porosity should be considered in a 
casting on the basis of these re- 
counted experiences. The relaxation 
of standards regarding porosity is 
not implied. 

Such an action would be without 
due cognizance of either the influ- 
ence of internal porosity on static 
properties or the effect of surface 
porosity on fatigue properties. In 
addition, the presence of internal 


porosity in various sections often is 
associated with defects at the sur- 
face. 

In summary, it has been the in- 
tention to present information which 
will stimulate more genuine interest 
in porosity and its actual effect upon 
serviceability, and to point out that 
design and conditions at the surface 
of the metal are of primary impor- 
tance on fatigue serviceability whil 
internal metallurgy and _ stati 
strength criteria are of secondary 
importance. 

Conclusions 

Fatigue failures originate at points 
of relative weakness in meta! sur- 
faces. 

Service and laboratory experiences 
on parts uniformly stressed show 
that fatigue failures will be per 
fectly random in location with fr 
spect to internal microporosity °F 
metallurgy; that is, the location ‘ 
failure has no apparent relat nship 
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umples were sand-cast magnesium alloy panels with various surface finishes. 


to the proximity of internal defects. 
The effect of internal metallurgy 
appears, therefore, to have little in- 
fluence on serviceability compared 
to the effect of either the surface 
features. fre- 
quently occur through foundry de- 
fects or porosity that extend to the 
surface of metal in the part. 
In parts of complex design where 
stresses are not uniform and stress 
concentrations exist, the influence 
on the serviceability of the stress 
concentration associated with the 
design surpasses any influence that 
subsurface porosity may have. 


or design Failures 


DISCUSSION 


W. E. Martin, National 
smelting Co., Cleveland. 

Co-Chairman: A, W. SToLzENBURG, 
Aluminum Co. of America, Detroit. 

J. J. McLain’: I would like to com- 
pliment Dr. Found on his fine paper. 
Fatigue test results on magnesium cast- 


Chairman: 


Bedford Foundry, Bedford, Ind. 


ings are very important in the aircraft 
industry. 

During the war our concern was to 
procure magnesium castings that would 
withstand the applied load. Sometimes 
we were successful and sometimes we 
were not. Surface defects have a de- 
leterious effect upon the life of the cast- 
ing. That, in itself, reflects back to the 
care and cleanliness that is used in the 
foundry operation. Of course, when a 
casting fails, it is always the foundryman 
that is to blame, but I am glad Dr. 
Found also brought out another factor, 
and that is design. The foundryman is 
not always to blame for failures. 

Dr. Found brought out the fact that 
microporosity is a subject which cannot 
be ignored. One of our big problems 
in aircraft castings was procuring mag- 
nesium castings which would be con- 
sistently leak-proof. 

Microporosity, judging from our in- 
vestigations, at least, is caused by three 
main factors. One is gas, another is pro- 
gressive solidification, and the third is 
alloy. We appreciate Dr. Found’s paper 
and hope that he will continue with his 
work and give us more information. 

R. A. Quapt*: In static stressing of 
aluminum and magnesium test bars, the 
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effect of surface conditions is likewise 
extremely important on the properties 
obtained. In other words, for a test bar 
which has an inclusion at or near the 
surface, the effect on the mechanical 
properties is tremendous, while if that 
same inclusion is closer to the axis, it 
has little or no effect. This coincides 
with the experience you have had as 
to the effect of surface in fatigue. 

CHAIRMAN Martin: Dr. Busk, you 
published a paper some time ago in 
which you studied the effect of micro- 
porosity on fatigue properties of mag- 
nesium casting alloys as evaluated by the 
R. R. Moore machine. 


Dr. R. S. Busx*: That is right. In 
the present paper, Dr. Found discussed 
subsurface porosity when he described 
the effect as being very small. The bars 
which I experimented with were cut 
from panels which were uniformly filled 
with porosity. When they were machined 
that porosity came to the surface. What 
I was measuring at that time was the 
effect of surface porosity rather than 
subsurface porosity on fatigue. 

CHAIRMAN MarrTIN: 
as a generality, located in magnesium 
castings so that if too much metal is 
not machined away from the surface, the 
outer fibres will contain a relatively 
small amount of defect? Could this be 
a factor in the case of roll testing of 
wheels? 

Dr. Founp: That is a difficult ques- 
tion. We are working on that now to 
get a quantitative relationship between 
these fatigue results and the proximity 


Is microporosity 


of various amounts of porosity to the 
surface. 
CHAIRMAN Martin: Dr. Eastwood, 


does microporosity seem to confine it- 
self to the center? In other words, is 
there a tendency to have a solid skin? 
What I am thinking about is that some 
value might be obtained from all this in 
design, in that you would try to mini- 
mize the amount of metal which you 
would machine away from the surface, 
so as not to expose subsurface micro- 
porosity, which then might reduce the 
fatigue life. 

L. W. Eastwoop*: I would say that 
inasmuch as we know that microporosity 
can cause shrinkage, that proves that 
the microporosity can extend to the sur- 
face. In general, microporosity will be 
more pronounced towards the center, or 
at least away from the casting surface. 

CHAIRMAN Martin: In other words 
the less metal machined away the better 
the chances of having sound outer fibres 
to withstand fatigue loadings. 

Dr. Eastwoop: Yes, I think that is 
true, but there are many other surface 
defects which may have an undesirable 
effect on endurance values. 

MemBer: We did considerable in- 
spection of large magnesium castings. 
It was easy to see microshrinkage com- 
ing through to the surface of the cast- 
ings, so I do not think it is safe to as- 
sume that microshrinkage does not come 
to the surface. 

2American Smelting & Refining Co., Barber, 
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*Dow Chemical Co., Midland, Mich. 
‘Battelle Memorial Institute, Columbus, Ohio. 
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Dr. Eastwoop: I did not mean to 
imply that microporosity would never 
come to the surface We can easily 
prove that it does. However, I think it 
is also true that, in general, you have 
more microporosity away from the cast 
surface than at the surface. But that 
does not mean that it never comes to 
the surface. 

J. W. Merer®: We made some ex- 
periments on microporosity along the 
same lines as experiments made at Bat- 
telle and in some instances the micro- 
porosity on the surface or just below 
the surface was more visible than in the 
center. I do not say it always was, but 
there were some cases where we had 
more microporosity at the surface than 
internally 

Dr. EAstwoop: We have to be care- 
ful that we are talking about micro- 
porosity and not surface shrinkage 


Dr. Founp: We have brought up the 


Bureau of Mines, Ottawa, Ont., Canada 


question of surface conditions which I 
hoped we would not get into too deeply. 
Surface is a very important factor in 
magnesium castings. Fatigue data in Fig. 
13 shows the scatter bands for a large 
number of test pieces. These test pieces 
were in the shape of cast panels and 
they were flexed on a plate bending ma- 
chine. The lowest scatter band repre- 
sents four panels with as-cast surfaces 
The panels were in H-alloy, C-alloy and 
R-alloy. The heat treatments included 
the as-cast, the solution heat-treated, 
and the solution heat-treated and aged 
states. There was absolutely no relation- 
ship between the composition and heat 
treatment in the results of these tests. 

If the as-cast surfaces were machined 
off, the scatter band would be raised 
into the region bounded by the long 
dashed lines. It is evident that a con- 
siderable improvement was effected. In 
other words, panels with as-cast surfaces 
have a minimum fatigue strength of 
about 6,000 psi., whereas, if the surface 
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is machined, this value is ra 
9,000 psi. In other words, 
cast skin is beneficial. 

The third scatter band j 
with as-cast surfaces which 
shot blasted. Included also 
curve that was established f, 
heat treated panels in C-allo 
had been machined and pol 

These additional data reg 
chining or otherwise cold work 
surfaces were presented in a: 
clarify any misconception that 
arisen regarding the serviceabi] 
chined magnesium castings. A 
machining does improve th 
strength of magnesium castir 
implication that the machining 
to weakening magnesium Casting 
generally correct. A machin 
nesium Casting with porosity int 
the surface is apparently strong 
a casting with an as-cast surfa 
sected by porosity in the same ar 
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METALLURGICAL PRINCIPLES 

the making of malleable 

have been described so often 

not to require repetition 

[he purpose of this paper is 

sider the chemical elements in 

iron with regard to their 
id effect. 

Essentially, malleable iron is an 





y of carbon and silicon, the for- 
r being the through 
vhich the properties of the product 
principally controlled. The latter 


} 


sed mainly to control graphitiza- 


element 


Manganese, sulphur, and_phos- 
horus are always present and re- 
ire control. In addition, almost 
elements capable of alloying 
ith iron are likely to be present 
“residuals,” usually in small 
mounts, and a few elements not 
ring naturally have been added 
ther experimentally or on a manu- 
turing scale. 
Elements exist in any commercial 
either as metallic 
dissolved in one or more of 
metallic non- 
llic inclusions, “sonims.” The 
etals lead and silver seem to be 
imost completely insoluble in liquid 
iithough they may be tem- 
rarily retained as a colloidal sus- 
Mercury can be caused to 
amalgams by electrolytic 
it they are completely un- 
table at even moderately elevated 
peratures. Alloys of iron and 


of iron, 


phases, or as 
‘ 


met 


Pres 1 at a Malleable Foundry 
rract ssion at the Fiftieth Annual 
Meeting the American Foundrymen’s 
\ss¢ May 7, 1946, at Cleveland. 







zinc, cadmium and thallium are 
similarly 
volatilization of the non-ferrous con- 
stituent. The alkali and alkali earth 


metals, lithium, sodium, potassium, 


unstable, permitting the 


rubidium, caesium and magnesium, 
calcium, barium, and strontium are 
removed, 


apparently probably by 


oxidation, and remain, as alloys, 
only in minute amounts, if at all. 
The halides, fluorine, chlorine, bro- 
mine and iodine form chemical com- 
pounds with iron, which are not 
retained thereby. Attempts in the 
author’s laboratory to obtain solu- 
tions of argon in solid iron failed 
and it is rather probable that argon 
and the other “noble” gases, helium, 
neon, krypton and xenon, could not 
be found in iron. 
are so rare that 


Some elements 
their effects are 
undetermined, although rare earths 
probably all behave like cerium and 
lanthanum. 

Obviously very expensive elements 
not occurring naturally in iron are 
of little practical interest, although 
they may be worth studying for aca- 
demic reasons. 

In general, elements affect the 
properties of malleable iron in one 
or more of the following ways: 

1. By dissolving in ferrite and 
hardening or strengthening it. 

2. By combining with carbon to 
form stable compounds. 

3. By dissolving in austenite and 





Effects of various ele- 

ments in malleable iron 
on graphitization and me- 
chanical properties are dis- 
cussed on the basis of a 
thorough survey of the tech- 
nical literature and on the 
author's own researches. 











altering the response to heat treat- 
ment either with regard to graphite 
formation or thes paration of 
cementite 

+. By forming compounds which, 
though inert themselves when pres 
ent as sonims, alter the response to 
graphitization or the engineering 
properties by interrupting the con- 
tinuity of the metal. 

The quantitative aspects of the 


graphitizing reaction are complex 
but have been described elsewhere 


for all but 


¢ 


sub-critical tempera- 


tures." 

It must be borne in mind that the 
properties of a commercial alloy are 
not determined solely by chemical 
composition but are influenced also 
by manufacturing methods. To make 
two alloys of different compositions 
there must, of necessity, have been 
differences of practice, and if dif- 
ferences of results are observed, it is 
not necessarily true that they are 
due to the differences of analyses 
which were secured. For example: 
the addition of aluminum in small 
amounts increases the tensile strength 
of malleable and _ increases the 
graphitizing rate, but also reduces 
iron oxide to iron with formation 
effects 
those of the alloyed aluminum, the 
addition of alumina, or the de- 


creased oxygen? 


of alumina. Are the two 


Often the results of small experi- 
mental melts differ from those in 
larger commercial operations. Dif- 
ferent melting practices are some- 
found to yield 
results and the 
differ both in speed and engineering 
with the 
Possibly all these things are explic- 


times inconsistent 


results of anneal 


properties environment. 


able in chemical terms, but, if so, 
much more exhaustive chemical in- 
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vestigation would be necessary than 
is usually possible. It perhaps is too 
much to hope that the author has 
weighed correctly all these factors, 
especially in quoted material. 

With this much of an introduc- 
tion we proceed to consider the ele- 
ments in alphabetical order insofar 
as data are available. It presently 
will appear that the interest in many 
of them has been mainly from the 
viewpoint of effect on graphitization. 

Aluminum. Aluminum combines 
so easily with oxygen that it is never 
found alloyed with iron unless pur- 
posely added. The addition to liquid 
iron alloys of amounts of aluminum 
leaving only a few hundredths per 
cent of that element in the metallic 
state will convert all the oxygen 
present into Al,O,. As pointed out 
earlier, it is impossible, therefore, 
save under very unusual and purely 
experimental conditions, to distin- 
guish between the effects of de- 
oxidation, metallic aluminum and 
aluminum as A1,QOs. 

Aluminum, when added to molten 
iron, increases the rate of graphitiza- 
tion, both on freezing and in an- 
nealing. It can, therefore, do great 
damage by causing mottling, and 
also favorably affect the anneal- 
ability. The largest amount which 
may be present, as metal, without 
detriment by causing primary 
graphitization, is of the order of 
some few hundredths of one per 
cent. Very crudely, this is similar 
in amount to that needed to de- 
oxidize completely the metal, which 
may be mere coincidence. 

Experiments by C. H. Junge, un- 
der the author’s direction, indicated 
a definite effect of aluminum on 
nodule number as shown below. 


Effect of Aluminum on 
Graphite Nodule Number 


Aluminum 

Added, Nodules, 
per cent per mm.* 
0.0000 1000 
0.0063 130 
0.0125 430 
0.025 450 
0.050 1100 
0.100 1400 


Note that the aluminum is that 
added, not that recovered. The 
amount recovered may be only, say, 
roughly, one-fifth that added in the 
light of other experience. An in- 
crease in graphitizing rate with suc- 
cessive additions after the first might 
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be explained on the basis of nuclei- 
zation but not the first step. 

C. R. Austin’ is of the opinion 
that in high carbon steels Al,O, 
contributes more importantly to 
graphitization that aluminum. 

Very little is known accurately 
about the accelerating effect of 
aluminum because of the small con- 
centrations involved, the difficulties 
of their accurate determination, and 
the interference of Al.O, and the 
removal of oxygen. Despite much 
intensive work, useful quantitative 
conclusions still are lacking. Pos- 
sibly aluminum is equivalent to be- 
tween one and one-half and six times 
or more its weight of silicon so far 
as secondary graphitization is con- 
cerned. An amount of 0.14 per cent 
of aluminum to silicon free white 
cast iron was found, in the author’s 
laboratory, to permit graphitization 
in a normal, though rather slow, 
cycle. This is so vague that one 
may be content with calling it a 
“powerful” graphitizer. 


Primary Graphitization 
Aluminum is also a primary graph- 
itizer. Hruska* noted that white cast 
iron became gray when from 0.1-1.0 
per cent aluminum was added. He 
found small additions, 0.01-0.05 per 
cent, to improve the mechanical 
properties, but larger additions pro- 
gressively to deteriorate the product. 
Such effects certainly exist but are 
inclined to be erratic. Table 1 gives 
data on a 32510 grade malleable 
and on a sub-standard product. 

The data are from the author’s 
laboratory and illustrative but not 
necessarily typical. Much depends 
upon the state of the metal to which 
aluminum is added and something 
even on the oxidizing conditions in 
annealing. 

Antimony. Antimony usually is 
not suspected as present in malleable 
although it might enter from white 
metals not separated from scrap. An 
addition to iron in fractions of per 
cents it is quantitatively recovered. 
Metal containing 0.06 per cent of 
antimony broke with a “short” gray- 
ish fracture, suggesting that pro- 
duced by the presence of tin. This 
suggests a possible relation to sul- 
phur, to be discussed under Tin. 
This is not improbable in view of 
other chemical similarities between 
the sulphides of the two metals. 

In view of this detrimental condi- 
tion, no detailed study of any effect 











on, physical properties 
nor is the writer familiar \j:} 
discussion in the literatur 
Arsenic. Arsenic is very inal 
present in commercial irons. Amoyns, 
up to some hundredths of « pe; om 
may be present without being a 
ticed. Even 0.37 per cent ided | 
normal iron produced no significan 
change in properties. 
Beryllium. Beryllium is both read. 
ily oxidized and volatile. An ade 
tion of one-half of one per cent 
the element to molten cast. jro: 
yielded only something like 0.01 pe; 


material. 

Experiments were made adding 
one and one-half per cent copper 
containing six per cent berylliun 
to molten white iron and a simila 
amount of pure copper to another 
lot of material for comparison. Thy 
presumably beryllium bearing meta! 
was ludicrously bad, with 16,40) 
psi. tensile strength, 0.3 per cent 
elongation, and 150 Brinell hard. 
ness number. The hard iron showed 
considerable primary graphite. 

Here is a suggestion that if th 
alkali earths could be alloyed with 
iron by protecting them from oxida- 
tion by alloying first with other 
metals, radical, though not neces- 
sarily useful, effects on graphitiza- 
tion might be secured. 


Solubility in Iron 

Although bismuth is supposed to 
be practically insoluble in iron’ 
Boeghold’® says that 0.005 per cent 
bismuth added to an iron containing 
2.75 per cent carbon, 1.65 per cent 
silicon, and 0.40 per cent molyb- 
denum, which would have been gray 
without the bismuth, caused it to 
become perfectly white in a one and 
one-fourth in. diameter section. An- 
neal at 1700° F. (925° C.) was com- 
plete in five hours instead of nine 
hours or ten hours required for 1.25 
per cent silicon iron, the highest 
which would have frozen white in 
this section. He suggests the use of 
0.002-0.02 per cent bismuth as addi- 
tion. 


The intended mechanism is plainly 
a suppression of primary graphitiza- 
tion in the presence of enoug) silicon 
greatly to accelerate annealing. It's 
not suggested that bismuth, 2: such, 
is an accelerator. A white cast iron 
containing 0.19 per cent | muth, 
properly introduced, showed no ev! 
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‘RTZ 
sreatly changed prop- 


yn is one of the most 
ments. When added 
iron in large amount, 
boron in the metal, 
yroduct completely un- 
[he microstructure of 
;, white cast iron was 
et ypereutectic alloy, sug- 
i ormous shift to the left 
f ttc ! point. 
Dr ird Walter™' suggested 
ersonal communication 
u aller amounts of boron. 
Tests dditions (not to be con- 
recoveries) of 0.1 per 
nt boron and 0.04 per cent boron 
howed an enormous increase in 


raphitizing rate measured at 900° C. 


Graphitization Acceleration 

Commercial development” has in- 
dicated that an addition of 0.001 
yer cent boron sufficiently acceler- 

tes graphitization to serve as useful 
insurance in annealing without visi- 
ble alteration of properties. Larger 
mounts, up to 0.003 per cent, have 
sometimes been used, especially in 
the presence of chromium, up to 
0.12 per cent. There is, however, 
some danger of impairment of prop- 
erties 

It has been originally thought 
that much boron might form films 
f iron boride around cementite 
grains and so inhibit annealing, as 
discussed under sulphur for iron 
sulphide films. Alternatively iron 
carbide containing boron in suffi- 
cient amount might be stable and 
not metastable, a condition known 
to exist for the oxy-carbide. Amounts 
of boron approaching the danger 
point from the viewpoint of lowered 
ductility and strength result in a 
greatly increased number of graphite 
nodules, especially near the surface 
of castings. 

Any mechanism accounting for 
both acceleration and _ retardation 
must evidently be quite complex. 
Cadmium. The very small amounts 
of cadmium which can be retained 
after considerable additions of that 
element, and which amount to only 
a few hundredths of a per cent, 
seem to exercise no visible effect. 
Cerium. Cerium is one element of 
the group beginning with lanthanum, 
the 57th element, and ending with 
cassiopium, the 71st, known as the 
rare earths. They are chemically so 
nearly alike as almost to be im- 












Table 1 








TENSILE PROPERTIES OF STANDARD AND SuB-STANDARD MALLEABLE 
IRON witH ALUMINUM ADDITIONS 
——Sub-Standard Iron— Standard Iron 
Aluminum Tensile Tensile 
Added, Strength, Elongation, Strength, Elongation, 
per cent psi. per cent pst per cent 
None 48700 7.8 50600 11 
0.006 51100 12.8 53300 15 
0.013 50200 } 53800 18 
0.025 49300 a 52800 17 
0.050 48700 13.8 52600 18 
0.100 48600 17.0 50300 16 





possible of separation by ordinary 
reagents and are quite similar in 
chemical behavior to boron and 
aluminum. Many of them are among 
the rarest metals on earth and none 
occur naturally in iron alloys. 

Cerium alloyed with lanthanum 
and some other rare earths is an 
article of commerce, “Misch Metal,” 
obtained as a by-product in the re- 
covery of thoria from monazite. It 
has been proposed as a scavenger 
for removing oxygen, sulphur, and 
nitrogen from molten metal. The 
alloy contains 50 per cent cerium 
and the remainder is predominantly 
lanthanum. Working with the alloy"®, 
it is not possible to separate the 
effect of the different elements of 
the group, which is, however, not 
very necessary in view of their simi- 
larity. 


Alloying Hard Iron 

Alloys were made adding one-half 
of one per cent and five per cent 
of “Misch Metal” to crucible melts 
of hard iron. The first two were 
found to contain 0.22 per cent and 
0.36 per cent cerium, respectively. 
After a commercial anneal their 
fracture was nearly normal except 
for a few glittering spots which un- 
der the microscope looked like ce- 
mentite. The last alloy containing 
2.48 per cent cerium was extremely 
sluggish even at high temperature 
and closely resembled the two others. 

Even large amounts of alkali 
earths do not alter the general char- 
acter of the fracture. An additional 
alloy was made without the “Misch 
Metal” but with 0.10 per cent man- 
ganese extra. This is the amount 
equivalent to the sulphur content of 
the iron (as MnS). The properties 
were similar to those of the metal 
treated with the alkali earths and 
it was concluded that the small 





effect noted was only that of the 
manganese released when cerium (or 
lanthanum) substitute for that ele- 
ment in the sulphide. 

It also was found that when hard 
iron is impaired in annealability by 
tin, a sufficient addition of cerium 
overcomes the difficulty. 

Chromium. Chromium almost uni- 
versally is present in commercial 
malleable iron, which it enters via 
steel scrap, which even though not 
known to contain chromium invari- 
ably does so. Since this residual 
chromium is accidental in origin, no 
fixed ranges can be given. White 
cast iron for malleablizing may con- 
tain from 0.01 per cent chromium 
or less, up to 0.13 per cent or more, 
even when the element is not added 
purposely. 

It is without doubt the most ac- 
tive direct retarder of graphitization 
which can be encountered in ordi- 
nary commercial What 
constitutes a dangerous amount has 
been the subject of much contro- 
versy, probably because its effect is 
progressive ; each increment of chro- 
mium producing some additional 
retardation, but none producing a 
discontinuous jump. The late En- 
rique Touceda regarded even less 
than 0.01 per cent with suspicion, 
while others consider 0.04 per cent 
or 0.05 per cent as unimportant. 
The length of the annealing cycle 
perhaps also is an important factor 
in forming such an opinion. 

H. H. Johnson, in the author’s 
laboratory, found that 0.305 per 
cent chromium added to a hard 
iron containing only traces of that 
element increased the time to pre- 
cipitate a given amount of graphite, 
either at 900°C. or 710°C., to 
about three times that to produce 
the same result in the absence of 
any but traces of chromium. The 


practice. 
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iron contained 2.64 per cent carbon, 
0.95 per cent silicon, 0.31 per cent 
manganese, 0.069 per cent sulphur, 
and 0.184 per cent phosphorus. It 
is not to be understood that the 
ratio is always exactly three to one. 
This figure is given merely as the 
ratio in the time ordinate to super- 
impose most nearly the time graph- 
ite curves of the two materials. 

H. H. Johnson and G. M. Guiler, 
in this laboratory, also investigated 
the graphite formed in a given iron 
at various chromium concentrations 
in various times at various tempera- 
tures, with results shown in Table 2. 

With many irregularities, there is 
an evident progressive decrease in 
carbon as one reads down every col- 
umn. One knows nothing about how 
chromium would affect the well 
established form of the time—graph- 
ite curve't—which makes evaluation 
difficult. Furthermore, the addition 
of solid metal removes hydrogen 
(q.v.) with improvement in graph- 
itization. 

The preceding statements may 
serve as the best quantitative pic- 
ture that so far can be drawn. There 
can be little interest in using chro- 
mium to alter the mechanical prop- 
erties of malleable in view of its 
powerful effect on the retention of 
combined carbon. Any usable chro- 
mium additions cause this retention 
to a degree which far outweighs the 
effect of an insignificant amount of 
alloy. 

Nevertheless, pearlitic malleable 
containing chromium and an ab- 
normal amount of silicon has been 
proposed'®. Additions from 0.22 per 
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cent to 1.14 per cent chromium are 
described coupled with additions of 
0.08 to 1.00 per cent silicon as a 
silicon zirconium manganese alloy, 
apparently usually in an amount 
from two-thirds that of the chromi- 
um addition to equality with that 
addition. All the material contained 
combined carbon. The tensile 
strength obtained varied rather in- 
directly from about 63,000 to 80,000 
psi. The elongation decreased stead- 
ily with increasing chromium from 
18.5 per cent with no addition to 
2.5 per cent at 1.14 per cent carbon 
with an additional | per cent silicon. 

Various attempts have been made 
to counteract the effect of chromium 
by other elements without much 
success. Goode, in the data given 
above, did not obtain the ability to 
graphitize completely (he may not 
have wanted to) by adding silicon. 
Other accelerators have been tried 
unsuccessfully; only boron, already 
described, having given any signs of 
utility and even then at some risk 
of impairment of quality. 

Although high’ chromium alloys 
lose much of ‘that element when 
melted under oxidizing conditions, 
small concentrations are not further 
reduced by any melting process suit- 
able for the production of malleable. 

Anna (Nicholson) Hird, in the 
author’s laboratory, found that the 
carbides isolated electrolytically from 
white cast iron containing about two 
per cent chromium were relatively 
very low in that element. Hedberg, 
in the same laboratory, found that 
the chromium to iron ratio of the 
material dissolved electrolytically 





lable 2 
GRAPHITE FORMATION IN LRON WITH VARYING AMOUNTS OF CHROMIUM 


Temperature . 900° C. 780° C. canamanees tb.” nemen 

fea 62 hr. 150 hr. 200 hr. 300 hr. 

Chromium, 

per cent Graphite Formed, per cent————_- 
0.008 0.39 0.54 0.12 0.37 2.60 
0.018 0.38 0.74 0.09 0.67 — 
0.027 0.38 0.53 0.07 0.36 — 
0.035 0.25 0.50 0.15 0.54 _— 
0.045 0.26 0.75 0.12 0.55 — 
0.053 0.28 0.79 0.10 0.35 2.43 
0.061 0.26 0.36 0.09 0.32 — 
0.069 0.24 0.51 0.13 0.44 —- 
0.076 0.25 0.59 0.07 0.39 — 
0.089 0.28 0.58 0.14 0.21 — 
0.110 0.28 0.51 0.08 0.39 2.10 
0.140 0.26 0.38 0.07 0.27 — 
0.260 0.10 0.23 0.05 0.20 1.46 








from a white cast iron 


0.28 per cent chromiu: be 
about one-third that of ¢ 
a whole. 

Cobalt. It was concluded 
Sawamura on the basis of ¢ 
tometric curves taken at rather rap, 


idly rising temperature ¢! 
accelerates annealing’®. The me+} 
is open to considerable iti 
Two per cent cobalt added to whi, 
iron in the author’s laboratory ¢ig 
not visibly affect the results. Oyj, 
possibly slight acceleration of graph. 
itization would have been over. 
looked. Cobalt does not seem to hay 
attracted experimentation from tl 
viewpoint of quality improvement 
Possibly there was an assumption 
that the cheaper similar element 
nickel, would do all that could } 
expected of cobalt. 

Columbium. Columbium often ac. 
companies tantalum. The very sma! 
amount of information availabl 
to be found under this element 

Copper. Copper has attracted 
more attention than any other me. 
tallic alloying element. Since it fa- 
vors graphitization and _ improves 
mechanical and chemical propertie: 
much laboratory and operating at- 
tention has been given to it. 


Copper in Iron Alloys 

Copper is always present in com- 
mercial iron alloys in amounts o! 
the order 0.05 to 0.10 per cent. It 
originates in the iron ore and/or 
in the contamination of scrap by 
copper base alloys. When added to 
iron, copper is recovered completel) 
and it is not removed in melting 
Sawamura" reported it. as favoring 
graphitization, and Smith and Pal- 
mer’, by isothermal dilatometri 
means, determined that an iron in 
which the first stage of graphitiza- 
tion was complete in, eight hours at 
925° C. would in the presence 0! 
1.33 per cent copper complete this 
stage in about five hours, at 1.75 
per cent copper in four hours, and 
in the presence of 2.94 per cent cop- 
per in two and one-half hours 

It is to be observed that thes 
figures represent, approximately, 4 
linear relation of logarithm o! time 
Numerically the logarithm of the 
time for completion of graphitiza- 
tion is reduced by about 0.!56 for 
an increase of one per cent of coppe 
(ie., the time is divided by about 
1.47). After completion of te first 
stage the times to complete the -econd 








C. were 13 hours, six 
one-half hours and 
fourth hours, respec- 
data do not follow the 
relation suggesting a 
ffect of copper when 

n high. It is, of course, 

the fact that cooling to 

mn ( ot instantaneous, intro- 
exities of interpretation. 

| nd Shumar, with this 
und close quantitative 

between the effects of 

nickel. An increment of 

nt in copper multiplied 

tizing rate at 900° C. by 

_ and the effect of copper 

ion on graphitizing rate 

intially linear. The effect 

itizing rate at 700° C. was 
substantially that described for this 
ture range under Nickel. The 

n of copper up to one per 
enerally speaking, first in- 

ised the nodule number at about 
vr cent and then again de- 
if the nodules were ger- 
inated at 900°C. For nodules 
rerminated at 700°C. there was 
increase in, 


reaM d it, 


irregular number 
throughout. 
Smith and Palmer also described 
loc. cit.) the precipitation harden- 
ng by copper, a subject also investi- 
ted in the author’s laboratory’. 


Malleable Iron Hardness 

Thus ordinary malleable iron, air 

wled from 700° C., had a Brinell 
hardness of .142, with or without 
subsequent tempering for five hours 

500° C. After air cooling from 
725°C. and thus tempering, its 
Brinell number rose to 149. After re- 
heating to 740° C. and air cooling, 
its Brinell number was 143, which 
vas raised to 176 by tempering at 
00° C. 

The same metal to which one per 
cent copper was added had a Brinell 
number of 173 after quenching from 
725°C. and tempering at 500° C. 
for 5 hours; 153 on air cooling from 
740° C. and 181 on quenching from 
140° C. and tempering. 

In the paper cited, Smith and 
Palmer plotted tensile data for 
metal air cooled from various tem- 
peratures and tempered four hours 
at 900° C. These properties were 
not greatly altered (total carbon 
«40 per cent) unless the critical 


point was exceeded. 


Lorig and Smith’® showed that 


r cent copper was equivalent 


to about 0.20 per cent silicon so far 
as tendency to mottle was concerned, 
independently of section. They found 
that, without precipitation harden- 
ing, iron containing about 2.35 per 
cent carbon was but little strength- 
ened by copper up to 2.75 per cent 
The yield strength was raised about 
7000 psi. by 2 per cent copper and 
the elongation affected irregularly. 
but on the whole not improved. This 
iron contained about 1.10 per cent 
silicon. 

An iron of similar carbon, averag- 
ing 1.25 per cent + 
its tensile strength increased by 
nearly 10,000 psi., and _ its 
strength a similar amount, by one 


in silicon had 
yield 


per cent copper, but not thereafter 
again, with no very useful effect on 
elongation. 

An iron containing 2.75 per cent 
carbon and around one per cent 
silicon was raised 15,000 psi. in ten- 
sile and yield strength by 1.5 per 
cent copper; its elongation was 
slightly improved. 

Lorig and Smith thought that 
0.70 per cent copper was required 
for precipitation hardening. 


Rusting Rate 

A copper content of around 0.25 
per cent has been found to reduce 
the attack of malleable iron by rust?’. 
This amount of copper reduces the 
rate of rusting under industrial at- 
mosphere attack by about two mg. 
per cm.” per yr. It is much more 
efficient in resisting attack by acids. 
Attack by moist steam is so slow in 
any event that no determinable dif- 
ferences due to copper could be 
found in one year, no losses having 
occurred in either case. 

Manning and Rosenthal?’ report 
that pearlitic malleable containing 
0.80 per cent copper lost only about 
one-third as much weight in a given 
exposure to five per cent sulphuric 
acid solution as did a similar alloy 
without copper. 

According to Wolf and Meisse??, 
malleable iron containing either one 
per cent or two per cent copper 
corroded in the smoke of locomotive 
stacks about 0.7 times as fast as the 
unalloyed metal. 

Copper is frequently used in con- 
nection with molybdenum, a matter 
to be touched on when considering 
that element. 

Gallium. British haematite pig 
usually contains this element in 
amounts up to 0.003 per cent.”* It 


]?} 
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was thought at one time that British 
pig iron, even of appropriate analy- 
sis, Was not suitable for making black 
heart malleable. However, 0.48 pet 
cent gallium added to white cast 
iron did not produce any annealing 
difficulty. 
tion of the resulting metal at the 
National Standards 
showed the presence of gallium. Ex- 


Spectographic investiga- 


Bureau of 


act quantitative estimation was not 
attempted but an amount of some 
tenths of a per cent was thought 
probably present. 

Gold. 


cial interest in the iron-gold alloys 


There can be no commer- 


Hard iron with an addition of 0.47 
per cent gold produced a peculiarly 
sticky, infusible melt. No evidence 
of any effect on graphitization was 
noted. Sawamura’® regarded it as a 
slight accelerator. 

Hydrogen. White cast iron may 
contain 0.0002 per cent to 
0.0015 per cent hydrogen by weight 


from 


This is derived from moisture in the 
Addi- 


tion of any solid ferrous material, 


blast and rust in the charge. 


such as ferro-alloys, to liquid cast 
iron, lowers the hydrogen content 
Experience with steel melting sug- 
gests that hydrogen can be burned 
out under conditions which oxidize 
Hydrogen is largely elimi- 
malleable 


carbon. 
nated in annealing; all 
iron having roughly a concentration 
of 0.00013 per cent hydrogen. 


Effect of Hydrogen 

It is difficult to conduct experi- 
ments in which hydrogen content is 
the only variable affecting anneal- 
ing. However, it has been shown 
that, in general, hydrogen greatly re- 
tards “first stage” annealing. Graph- 
itization is rapid below say 0.0005 
per cent hydrogen; slow above about 
0.0008 per cent and erratic between 

The number of nodules of graph- 
itic carbon is related to hydrogen 
content in such a manner that the 
average amount of graphite per 
nodule after a given heat treatment 
decreases linearly as the logarithm 
of the hydrogen concentration in- 
creases. This relationship involves 
both graphitizing rate and nodule 
number. It indicates that had the 
nodule number remained constant, 
instead of decreasing as the hydro. 
gen increases, graphitizing rate 
would still have decreased with in- 
creasing hydrogen. This points to 
an effect of hydrogen on the migra- 
tory rate of carbon. The criterion 
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described above is much more con- 
sistent than any correlation of nodule 
number and concentration. 

It proved difficult to gain any 
consistent tensile strength informa- 
tion, but apparently hydrogen de- 
creased the tensile strength very 
markedly but is of less effect on 
elongation. All the above data were 
reported by the author, with Guiler 
and Barnett**. ’ 

Lorig and Samuels*® found that 
molten white iron treated by bub- 
bling hydrogen through the liquid, 
was somewhat improved in anneal- 
ability and showed an_ increased 
number of graphite nuclei. This con- 
tradiction to the previously reported 
results of Schwartz, Guiler and Bar- 
nett may perhaps be explained by 
the existence of a stream of gas in 
Lorig and Samuels’ work, whereas 
at National Malleable and Steel 
Castings Company the hydrogen 
originated in the melting operation. 


Heat and Graphitizing Treatments 

Heat treating the white cast iron 
at 600° F. (315° C.) for eight hours 
before the graphitizing treatment, 
decreased the size of the graphite 
nodules in all cases but much more 
in metal through which hydrogen 
had been bubbled than in iron not 
subjected to that heat treatment. 


Lanthanum. See Cerium. 


Lead. Lead does not alloy with 
iron but may be present in colloidal 
suspension. Attempts to add lead to 
white cast iron, either as metal or as 
the oxide (which is easily reducible 
and should be converted to the metal 
by the carbon of that metal), have 
yielded low and irregular recoveries 
and no noticeable effect on the 
product. 

The improvement in machinabil- 
ity observed when lead is added to 
steel would be obscured in malleable 
iron by the presence of temper 
carbon. 

Lithium. Attempts to add lithium 
to white cast iron, even in spectro- 
scopic traces, have so far proved 
unsuccessful. 

Magnesium. Magnesium appar- 
ently cannot be measurably alloyed 
with iron*®, Experiments in the 


author’s laboratory failed. Additions 
of copper-magnesium alloys have 
been tried, though not so high in 
copper as the beryllium alloy dis- 
cussed under Beryllium. 

Manganese. 


As is well known, 
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manganese is a desired element in 
malleable iron. Its effect in counter- 
acting sulphur will be discussed 
under Sulphur. 

Anna (Nicholson) Hird, in the 
author’s laboratory, found that when 
cementite was isolated electrolytical- 
ly from ordinary white cast iron, 
only the manganese of MnS re- 
mained with the cementite; the re- 
mainder passing into acid solution 
with the ferrite. If very large 
amounts of manganese, approximat- 
ing ten per cent, are alloyed with 
the hard iron, the isolated carbides 
were much richer in manganese than 
the alloy as a whole. 

In this section, only the effect of 
the manganese not combined with 
sulphur will be considered. This 
amount may be from 0.10 per cent 
up. Experiments with excess man- 
ganese (above 1.7 x sulphur) rang- 
ing from 0.30 per cent to 0.71 per 
cent indicated that there was no ac- 
curately demonstrable effect of man- 
ganese on graphitization above the 
A, temperature, i.e., “first stage” 
graphitization. The effect on second 
stage graphitization is known to be 
considerable. 


Manganese Additions 

It is not unlikely that the effect of 
manganese depends on how and 
when it was added, for Johnson, in 
the author’s laboratory, demonstrat- 
ed that there might even be an 
acceleration of graphitization in both 
stages when ferro-manganese was 
added just before pouring. An effect 
of deoxidation is suspected. 

Forbes*’ reports on a possible in- 
crease in mottling on adding ferro- 
manganese. 

Kikuta** was of the opinion that 
the logarithm of the time to com- 
plete first stage graphitization in- 
creases linearly with the manganese 
content. His data support this opin- 
ion for manganese in excess of MnS. 
However, he says that the initial 
rate of graphitization at 925° C. is 
not much affected by manganese 
content but the time for completion 
is, since small particles of cementite 
(?) remain persistently unaltered. 
An alloy containing 3.16 per cent 
manganese did not graphitize at all 
in 25 hours at 925° C., although 
one of 2.10 per cent manganese com- 
pleted the reaction in 22 hours. 

Kikuta also attempted some study 
of second stage graphitization. Very 
great retardation was observed, al- 


though the data justify no «uantits. 
tive conclusions. The reaction bg. 
comes so slow at 1.00 per « 
ganese as to be of little 
interest. 

Forbes*’ reports the combined cay. 
bon content of three alloys differing 


t 
t Man. 


ractica] 


importantly only in manganese cop. 
tent each after three “Z” metal hea 
treatments. These combined carbons 
listed in the order Mn 0,34 


Mn = 0.71, Mn = 1.00 per cent. 
and, for the three heat treatments 
0.070, 0.255 and 0.500 per cent 
0.140, 0.235 and 0.430 per cent: and 
0.050, 0.260 and 0.545 per cent. The 
retarding effect of manganese on sec. 
ond stage annealing seems indicated 
On the other hand the writer clear) 
remembers at least one instance jp 
his early experience when a high 
carbon iron which had accidentally 
been made with 0.77 per cent man. 
ganese annealed satisfactorily in the 
then standard rather long cycle. 

Forbes, Paulson and Minert*® re. 
ported that after a preliminary pe- 
riod, varying from three to ten 
hours, depending on manganese con- 
tent, the amount of carbon graph. 
itized at 1300° F. (705° C.) in. 
creased as the logarithm of time 
Doubling the time, at any stage after 
the logarithm relation is established, 
increases the graphite by about 0.14 
per cent, regardless of the manganese 
content. 


Graphite Content 

This relationship implies that the 
graphite content does not approach 
zero asymptotically, but goes on at a 
finite rate and then stops suddenly, 
a condition at variance with most 
opinions on graphitization. Indeed 
it is a contradiction to an earlier 
figure in the same paper which sug- 
gests an asymptotic approach to zero 
of combined carbon. 

Three points on a combined car- 
bon-time curve are but a slight foun- 
dation fer determining the form of 
a curve, especially considering the 
well known uncertainties in deter- 
mining combined carbon in_ the 
presence of much graphite. Being 
so bold as to reinterpret the data of 
Fig. 5 of the Forbes, Paulson and 
Minert paper on the assumption that 
the curves are logarithmic after 12 
hours, one finds the observations not 
prohibitively out of line with the 
principle that the logarithm of the 
graphitizing rate is approximately 4 
linear function of manganese ©OM- 
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artures are in the di- 
ore rapid retardation 
anganese as the concen- 
it element increases. 

N zation has deiected any 
| of manganese up to 
cent or 1.00 per cent on 
of carbon in gamma 
anese additions are well 
art of making pearlitic 


now 
a hen they are used to 
etard second stage of anneal. 

The t effect of manganese on 
nochas properties is so small as 
to hav iped observation. Its in- 


t by retaining combined 
arbor the only one of practical 
McMillan*® suspects ex- 
anganese of causing a decrease 
in elongation. 

The source of manganese is the 
ore from which the iron was made. 
As discussed under Sulphur, the 
usual manganese content approxi- 
mates three times the sulphur, except 
in arrested anneal pearlitic malleable 
where it may be some 0.50 per cent 
higher. 

Molybdenum. Molybdenum ordi- 
narily occurs in malleable iron in 
amounts of a few hundredths of a 
per cent, but can be picked up in 
larger amounts when molybdenum 
steel scrap is used. It is occasionally 
purposely added in quantities up 
to 0.50 per cent, or even higher, 
especially in the presence of copper. 
Molybdenum can be added either as 
ferro-molybdenum or by adding cal- 
cium-molybdate or similar com- 
pounds to the slag. 

Schwartz, Johnson and Junge*° 
found the times for completing one- 
half the possible graphitization at 
900° C. shown in Table 3. The last 
result in Table 3 casts some doubt 
upon the whole matter. 

At 700° C. a large portion of the 
time-combined carbon curve is log- 
arithmic in form, i.e., the logarithm 
of the combined carbon decreases 
linearly with time. 
des 

eo 
dT 
when C, is the initial combined car- 
bon and C the combined carbon at 
time 7 at 700°C., T being on the 
logarithm part of the curve, was: 


The reaction rate 


Moly! denum, Time, 
per cent hr. 
0.00 30 
).2 20 


Wt Qe 
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Table 3 
Time 1n Hr. ror Compietinc Hatr THE Posstp_te GRAPHITIZATION AT 





900° C. in MALLEABLE 
Fuel Melted Iron—— 
Molybdenum, Time, 
per cent hr. 
0.00 8 
0.27 13 
0.65 35 


IRON CONTAINING 


MoLyBDENUM 
——Electric Melted Ilron-—— 


Molybdenum, Time, 
per cent Ar. 
0.00 8 
0.23 2 
0.45 11 





In fuel melted iron the addition 
of molybdenum was observed first 
greatly to increase and then greatly 
to decrease the number of graphite 
nuclei germinated at 900° C., where- 
as in electric melted metal germinat- 
ed at 700° C. the number of nuclei 
was somewhat independent of the 
molybdenum content. Note that any 
solid addition to molten iron de- 
creases its hydrogen content. 

Attempts to calculate the effect of 
molybdenum on migratory rate 
seemed to show that on fuel melted 
iron at 900° C. the addition of 0.27 
per cent molybdenum decreased the 
migratory rate to three-fourths of its 
original value and the addition of 
0.65 per cent molybdenum decreased 
it to less than one-third its original 
value. For electric melted iron the 
migratory rate at 700° C. was little 
affected by molybenum content, be- 
ing apparently slightly increased by 
0.45 per cent molybdenum, which 
seems somewhat incredible. 

An anonymous source furnished 
the data in Table 4 showing the 
effect of molybdenum on the me- 
chanical properties of malleable iron 
with and without copper. The metal 
contained 2.32 per cent carbon, 1.14 
per cent silican, 0.075 per cent sul- 
phur, and 0.342 per cent manganese. 

Amount of copper up to one per 


cent may be used with molybdenum 
between 0.25 per cent and 0.50 per 
cent. 

Nitrogen. Nitrogen is found in all 
white cast iron, originating in the 
pig iron, and, in duplexed or cupola 
iron, from the coke. The pig iron 
got its nitrogen from the same 
source. Some fixation of atmospheric 
nitrogen also seems to occur. 

The nitrogen content of cupola 
metal, in the duplex operation, has 
been found to vary from about 
0.0056 to 0.0138 per cent. Averages 
from different cupolas vary from 
0.0083 to 0.0124 per cent. 

The metal, while being held in 
the air furnace, seems to approach 
an intermediate equilibrium value 
somewhere between 0.0098 and 
0.0116 per cent. 

The product of the Brackelsberg 
furnace contains normally about 
0.0090 per cent nitrogen, and this 
metal, held in the holding furnace, 
drops to between 0.0056 and 0.0080 
per cent. 

During muffle annealing the nitro- 
gen content drops to about 0.0031 
per cent. 

Nitrogen is introduced readily into 
white iron by melting under potas- 
sium ferrocyanide. A certain cru- 
cible melt made without such addi- 
tion contained 2.06 per cent carbon 





Table 4 


EFFECT OF MOLYBDENUM ON MECHANICAL PROPERTIES OF MALLEABLE [RON 
ConTAINING 2.32% C, 1.14% Si, 0.075% S, 0.342% Mn 


Tensile 
Molybdenum, Copper, Strength, 
per cent per cent psi. 
Nil ? Nil ? 56,000 
0.40 Nil ? 61,000 
0.53 Nil ? 62,700 
0.67 Nil ? 65,200 
0.77 Nil ? 66,000 
0.84 Nil ? 66,300 
0.40 0.30 60,200 
0.50 0.40 64,400 
0.51 0.50 64,600 


Yield Brinell 
Strength, Elongation, Hardness 
psi. per cent No. 
37,600 26.5 120 
41,200 25.5 129 
41,400 25.0 137 
42,200 21.0 137 
42,200 22.5 143 
41,900 21.0 143 
41,300 22.5 137 
44,700 21.0 137 
44,900 20.5 146 
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and 0.0134 per cent nitrogen. The 
same melting stock, melted under 
ferrocyanide, produced 2.36 per cent 
carbon and 0.0300 per cent nitro- 
gen. Both irons annealed in a nor- 
mal cycle, although the iron higher 
in nitrogen had much larger temper 
carbon nodules. 

Mechanical effects of nitrogen are 
obscured in commercial operations 
by other variables. It is suspected 
that nitrogen might strengthen the 
iron and reduce ductility but no con- 
vincing facts are available. 

Nickel. Nickel occurs in small 
amounts in almost any ferrous prod- 
uct into whose manufacture steel 
scrap enters. These “residual” con- 
centrations of nickel are of little in- 
terest since this element is an accel- 
erator of graphitization’® and the 
small amounts have trivial effects on 
properties, 


First Stage Graphitization 

Fiordalis and Trinter with the 
present author*' found the effect of 
nickel on first stage graphitization to 
be similar to that of an equal weight 
of copper. Nickel increases the 
number of graphite nuclei germinat- 
ed at 900° C. somewhat but rather 
irregularly. So far as could be ob- 
served the rate of graphitization in- 
creased approximately linearly with 
nickel concentration. An increase of 
one per cent in nickel multiplied the 
graphitizing rate at 900° C. by 2.9 
and at 700° C. by 2.2. Thus the 
graphitizing rate for any nickel con- 
tent is that without nickel + 1.9, 
or 1.2 times the per cent of nickel. 

Schwartz pointed out in an earlier 
paper* that in the presence of nickel 
the graphite-time relation, instead of 
following largely the relation that 
the graphite formed, is proportional 
to the one and one-half power of 
time, a much lower power approxi- 
mating 0.7 was indicated. The data 
of reference 31 did not confirm such 
conclusion. 

In this author’s laboratory a sili- 
con-free alloy containing 0.92 per 
cent nickel annealed about as read- 
ily as a nickel-free alloy containing 
approximately that amount of sili- 
con. A nickel content of 0.52 per 
cent did not permit complete com- 
mercial anneal in the absence of 
silicon. 

No references to the effect of 
nickel on mechanical properties have 
been encountered by the writer in 
any journal still accessible to him. 








The British Iron and Steel Institute 
abstracts an article by Rebecca Hall** 
containing a statement that “in small 
amounts nickel raises the tensile 
strength and ductility.” Fairly ex- 
tensive experimentation under the 
author’s direction was inconclusive. 

Oxygen. Oxygen always is pres- 
ent in white cast iron despite its 
high carbon content, which appar- 
ently should reduce the oxygen con- 
tent to very low values. We will not 
discuss the methods for determining 
oxygen. Using over-killing with 
aluminum and gravimetric deter- 
mination of the resulting Al,O, as 
a means of analysis, the following 
observations have been made by G. 
M. Guiler in the author’s laboratory. 

Duplexed hard iron may contain 
from 0.004 to 0.019 per cent oxygen. 
Oil fired duplexing is accompanied 
by a higher oxygen content than coal 
firing. The oxygen content near the 
end of a day’s run in duplexing, 
when metal has stood long in the 
furnace, likely is quite low. In a 
duplexing operation in which the 
metal was held for about one hour 
(average) in the air furnace the 
oxygen content of the cupola metal 
was reduced about 0.008 per cent in 
the air furnace. 

Non-Metallic Inclusions 

By volatilizing the iron in chlorine, 
non-metallic matter can be isolated 
from hard iron or malleable iron. 
Since it usually is necessary to ignite 
this residue to remove graphite, it is 
by no means certain that the elements 
are in the same state of oxidation or 
combination with one another as in 
the original metal. The amount of 
this residue from hard iron is some- 
what variable but is of the order 
of 0.12 per cent; that from mal- 
leable iron made by annealing the 
same hard iron may be three or four 
times as great. The ignited residues 
from hard iron apparently consist of 
SiO,, P,O;, Fe,O; with only traces 
of manganese. After anneal, P.O; 
disappears and large amounts of 
Mn,O, are found. There is also a 
considerable increase in total amount 
of Fe,O, and SiO,. During anneal- 
ing the metal absorbs oxygen. 

It is usually possible to demon- 
strate a higher SiO, content near 
the surface of a casting than at the 
center. An amount of SiO, equiva- 
lent to 0.10 per cent silicon in the 
iron is not unusual. Such oxidation 
is suspected of contributing to the 
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formation of rims. Attem 
tify particular mineral 
x-ray spectrographic met 
far have been fruitless. 
Boegehold®* presents 
that solid iron oxide adde: 
white iron promotes prim: 
itization. He points to surf 
tion of “drops” or “skulls’ 
as a source of such oxide | F; 
He also pointed out that th 
tion of solid iron oxide t 
iron produced a decrease in 
carbon nodules which was t: 


mean a decreased annealing ra 


temper 
ike nt 
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Te It 


thus appears that iron oxide 


motes graphitization during { 
and retards it during anne: 
most undesirable combination 


Mechanical Properties 
Nothing is known of its 
effect on mechanical propert 
though an increase in ductilit 
properly controlled decarbu: 
is possible. On the other han 
cases of “low” rims can be 
when the strength and duct 
metal oxidized in annealing 
than that at the center wh 
oxidation in the solid sta 
occurred. 
Palladium. The addition 
per cent palladium produced 
ible effects. 
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Phosphorus. The source of phos- 
phorus is the calcium phosphate ir 
the remains of marine animals whic! 


lived in the water from whi 
iron ores were deposited. 


ch the 


The phosphorus content of mal- 
leable iron usually depends upon 


the amount of steel scrap 
mix. It usually falls between 


in th 


about 


0.08 per cent and 0.19 per cent 


Kikuta** found that phos; 
even up to one per cent, acce 
first stage graphitization, 


yhorus 
lerated 


though 


somewhat irregularly. The relation 


may be somewhat logarithn 


1ic_ but 


the data are not completely consist- 


ent. Kikuta regards the ef! 


ects Ol 


sulphur ‘and phosphorus to be addi- 


tive in some degree. Effect o 
phorus on second stage gra} 
tion proved negative up to 
0.45 per cent; at 0.79 p 


graphitization could not ev 


started at 710° C. 
Phosphorus increases the 
strength and yield strength 
leable iron and affects the 
tion but little. There is not s 
data for precise statements 
increase in tensile strength 
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yhitiza- 
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5 per cent phosphorus 
to 3,000 psi., and the 
yield strength 2,000 to 
he change in elongation 
- order of one per cent. 
ipal limitation on phos- 
nt is its tendency to 
te, inter-crystalline frac- 
ally in the presence of 


Silicon and Embrittlement 
WW Bean®**, on the basis of 
Hur notch bar tests, showed 


that containing over 1.5 per 
ent n and 0.10 per cent phos- 
over 0.50 per cent silicon 
per cent phosphorus, had 


e fracture as usually an- 
ne L. H. Marshall** showed 
this embrittlement to be related to 
the time the iron remained at about 
900° F. (480° C.), and that the ef- 


t could be removed or prevented 
quenching from near 1200° F. 
650° C.). 

While this treatment is effective, 
found in the author’s 
laboratory that such treatment is 
not completely effective in rendering 
high phosphorus and/or silicon ma- 


has been 


terial the equal of low phosphorus 
and/or silicon material at sub-zero 
temperatures. Phosphorus increases 
the fluidity of white cast iron, but 
nly about one-twentieth as much as 
n equal weight of carbon. 
Platinum. Platinum behaved like 
in equal weight of gold (q.v.). 
Selenium. Selenium behaves, atom 
for atom, like sulphur. Since its 
weight is 79 and that of 


39 
sulphur 32, it is sg oF about one- 


half as potent as sulphur. In 
view of its higher atomic weight, 
a given concentration of selenium 
is equivalent to a mass of metallic 
selenide than the mass of a 
sulphide from the same concentra- 
tion of sulphur. This should reduce 
the quantitative effect of selenium, 
compared with sulphur. 

Silicon. Silicon is derived from the 
silicious material accompanying iron 
ores, or, in the case of ferro-silicons, 
directly from silica sand. 

This element has excited the 
greatest interest of all since it fur- 
nishes the most common commercial 
means of controlling graphitizing 
rate and tendency to mottle. The 
silicon content considered desirable 
seems to have increased steadily. A 
ter of a century ago* silicon 


less 





contents as low as 0.45 per cent were 
referred to, and concentrations over 
one per cent were considered appli- 
cable only to very low (2.10 per 
cent) carbon iron. McMillan** now 
recommends silicon contents from 
1.60 per cent to 1.90 per cent for 
carbon contents from 2.00 to 2.40 
per cent. One element should go 
up as the other goes down to keep 
the sum at about 3.90 per cent. 

Gladhill and White** probably 
were the first to publish a truly 
quantitative study of the effect of 
silicon on graphitizing rate. They 
found that the time required to 
complete graphitization at 1650° F. 
(900° C.) was about eight hours for 
0.90 per cent silicon, 18 hours for 
0.83 per cent silicon and 23 hours 
for 0.60 per cent silicon, whereas at 
1500° F. (815° C.) the correspond- 
ing times were 37 hours, 80 hours 
and 130 hours, respectively. It is 
this writer’s recollection that in a 
French paper, no longer accessible 
to him, these authors expressed the 
opinion that equal increments of 
silicon multiplied the graphitizing 
rate by equal amounts. The above 
figures do not fit this hypothesis 
particularly well. This relation has 
been found to apply reasonably well 
in experiments by Hird and Guiler 
in this laboratory. Hird and Wahren- 
berger, under the author’s direction, 
found that the graphitizing rate of 
an iron containing 1.13 per cent sili- 
con was 3.45 times as high as that 
of one containing 0.69 per cent sili- 
con at 900° C., and 18.4 times as 
high at 780° C. 


Silicon on Mottling 

The effect of silicon on mottling 
has not been very accurately in- 
vestigated, perhaps because primary 
graphitization is influenced so much 
by other conditions. McMillan’s con- 
stant of 3.90 points to equality of 
effect. Graphs*, based on earlier 
work by Thrasher, seem to confirm 
this constancy for small cross sec- 
tions, although a sum of carbon and 
silicon of 3.60 was indicated. This 
equality, with smaller and smaller 
sums, exists throughout that diagram 
at reasonably low total carbons (un- 
der 2.50 per cent) and for very 
heavy sections was given as about 
3.20. The author’s operating ex- 
perience is that a smaller drop in 
silicon accomplishes more than a 
larger drop in carbon in overcoming 
mottling. Observations on mottling 





109 





are confused easily by vagaries of 


temperature, melting stock, cooling 
rate, etc., and hence to be 
erratic. 

It generally is difficult to obtain 
data on the effect of silicon on me- 
chanical properties which exclude 
the effect of carbon. It would seem 
that silicon, being soluble in ferrite, 
should harden the matrix of mal- 
leable iron. The writer’s data, based 
on a statistical study of many thou- 
sands of air furnace heats, indicate 
that, in general, up to about 2.75 
per cent carbon, changes in silicon 
content from 0.65 to 0.95 per cent 


prove 


have little effect on tensile strength. 
There is, downward 
trend of a few per cent in elonga- 
tion. McMillan (loc. cit.) reports a 
tensile strength of 59,700 psi. and 
an elongation of 14.8 per cent for 
the iron he described. No data are 
given, however, for metal of similar 
carbon and lower silicon, so no com- 
parison for the effect of silicon is 
possible. He also makes the state- 
ment that some primary graphite 
may be tolerated. 

The effect of silicon on “galvaniz- 
ing embrittlement” has been dis- 


cussed under Phosphorus. 


however, a 


Segregation of Silicon 

Anna (Nicholson) Hird*', in the 
author’s laboratory, found that sili- 
con segregated toward the last freez- 
ing metal and found 
largely in connection with the ce- 
mentite, the slower the metal had 
frozen. 

M. M. Austin at the same time 
pointed out that finding the silicon 
with the cementite did not neces- 
sarily mean that it was a constituent 
of that phase. It is not likely that 
any silicon was with the carbide as 
SiO,, but the absence of a silicide 
of iron as a discreet phase was not 
proved. 

Kasper and Mertz, with this au- 
thor®®, concluded that silicon, like 
carbon, improved the machinability 
of malleable iron. Contrary to much 
popular opinion, the effect of silicon 
on fluidity is negligible. 

Sulphur. Most of the sulphur of 
malleable iron originates in the fuel 
used at various stages of its making. 
Unlike most of the other elements 
the effect of sulphur depends en- 
tirely upon the form in which it is 
present. The discovery of the neu- 
tralizing effect of manganese on 
sulphur by Alfred Hammer in the 


was more 
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late 1870’s* is probably the first ap- 
plication of metallurgical science to 
malleable manufacture. Hayes and 
Flanders®® discussed the matter with- 
out any apparent recognition of 
earlier knowledge on the subject. 

Sulphur and its kindred elements, 
selenium and tellurium, are so situ- 
ated in the periodic table that they 
readily form stable chemical com- 
pounds. These compounds are held 
in solution in liquid iron, and, on 
cooling, separate either in the liquid 
or solid states. If they separate as 
solids they occur in the frozen metal 
as “ideomorphic” crystals, i.e., in 
fragments which have, more or less 
perfectly, taken the external crystal 
form peculiar to their composition. 
If they separate as liquids they 
coalesce into drops of practically 
spherical form which, if their melt- 
ing point is above that of the metal, 
solidify and are entrapped in the 
freezing metal. If their melting 
point is below that of the metal, 
liquid is finally trapped between 
growing dendrites and form “allotri- 
omorphic” inclusions, i.e., inclusions 
whose form is imposed on them by 
the surrounding crystals. Frequently 
these are thin films which prevent 
carbon migration and hence retard 
graphitization. 


Stability of Sulphides 

Levy*® found the iron sulphide (of 
pure iron carbon sulphur alloys) in 
the eutectic into which it introduced 
“intervening layers.” It has been 
found in the author’s laboratory'® 
that the range of stability of the 
sulphides, beginning with the least 
stable, is iron, manganese, tin (and 
antimony?), lanthanum and cerium. 
The sulphides of tin, and probably 
antimony, behave like those of iron, 
being film formers, while those of 
manganese and the rare earths are 
without effect. Aluminum sulphide 
is as stable as manganese sulphide, 
and is not a film former. In view of 
the limited amounts of aluminum 
which are permissible, the resulting 
effect is not detectable. Copper sul- 
phide probably is more stable than 
manganese sulphide and is a film 
former. This could account fer oc- 
casional observations that copper 
added to high sulphur irons retards 
graphitization. It might do so by 
liberating a relatively large amount 
of manganese from combination with 
sulphur. 

If all the sulphur is to be present 
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as a compound, say MnS, an excess 
of the metallic element is necessary 
for such reversible reactions as 
FeS + Mn = MnS + Fe 

will reach equilibrium if: 

(MnS) (Fe) 

(FeS) (Mn) 
no matter what the several concen- 
trations actually are. Now the con- 
centration of iron (Fe) is nearly the 
same in all irons (about 0.96). The 
desirable concentration of iron sul- 
phide, FeS, is some small constant 
amount. Nearly all the sulphur in 
the iron is to be MnS, hence MnS 


is practically a (S) when S is the 


sulphur content of the iron as MnS 
and since FeS is small, practically 
the sulphur content of the alloy. 
Taking all these constants into the 
constant k':— 


(S) 


(Mn) 
whence it follows that the ratio of 
Mn to S to achieve a given small 
residue is constant. Its actual value 
is about 3. If the valence of the 
other metal is not equal to that of 
iron, the relation may be more com- 
plicated. 

The allotriomorphic sulphides are 
all retarders of graphitization. 
Whether because of this retardation 
or because of some more direct 
mechanism unknown to the author, 
iron containing more sulphur, by 
weight, than manganese, as in white 
heart malleable, produces when 
graphitized a very dense, “spheru- 
litic” form of temper carbon shown 
in Fig. 1, entirely unknown in black 
heart practice, except perhaps at 
very low annealing temperatures. 
Thanks are due to A. E. Peace of 
Ley’s Malleable Castings Company, 
Ltd., of Derby, England, for the 
specimen from which Fig. 1 was 
made. 

Calcium and sodium form stable 
compounds with sulphur, which 
readily float out. Thus soda-ash is an 
active desulphurizer. In basic elec- 
tric furnace practice, white reducing 
slags containing calcium carbide, the 
sulphur usually is not higher than 
0.04 per cent and may be brought 
below 0.01 per cent. In conventional 
air furnace melting, sulphurs are 
likely to be about 0.07 per cent using 
coal containing not over one per 
cent sulphur. All duplexed iron is 
high in sulphur containing from 0.10 


per cent to over 0.20 per cen: yp) 
desulphurization is practi The 
surface of malleable casti: is al. 
ways higher in sulphur than ‘he com, 
ter, pointing to a sulphur | k-up i 
annealing. The amount of ¢! ick. 
up cannot be recorded exactly by 
in ordinary cases the surf tie 
be a few hundredths of a per cen; 
higher than the center. 

The effect of sulphur on anneal. 
ing, being in part dependent on the 
distribution in space of the sulphides 
cannot be measured satisfactorily 
Qualitatively it is known that sy. 
phur rather energetically retards 
graphitization, during freezing and 
in annealing. However, even whit; 
heart malleable containing one or 
two-tenths per cent sulphur com. 
bined with iron still graphitize to 
some extent. 

The effect of sulphur on the tim 
graphite curve apparently is to pro- 
long the so-called “incubation” 
period*'. This should mean a re. 
tardation of migratory rate as com- 
pared with crystallization velocity of 
graphite or rate of solution of 
cementite ®. 

The idiomorphic sulphides affect 
tensile properties about as much as 
an equal volume (about one-half 
their weight) of carbon. This has 
been confirmed roughly, in this lab- 
oratory, for manganese sulphide. 

Tantalum. Tantalum is not to be 





Fig. 1—S pherulitic temper carbon ™ 
high sulphur-low manganese white 
heart malleable, also showing some 
sulphides. 500X. Very light Nital 
etch. (Eleanor M. Smith, the 
author’s laboratory.) 
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malleable unless pur- 


- The addition of 0.46 
a alum and 0.093 per cent 
to molten white iron 
nrot detectable effects. 


7, The presence of tel- 
malleable, except when 
dded. has not been re- 
h regard to the forma- 
tallic compounds it be- 
for atom, like sulphur, 


7 2 . 

ind | is 1276 times as potent. 
See als e section on Selenium. 

| Boegehold® finds that small 
mou f tellurium, ranging from 
9.002 per cent to 0.02 per cent, in- 
creas silicon content which can 
be tolerated without mottling, and 
by virtue of this higher silicon the 
metal is more annealable. The rela- 
tion of tolerable increase of silicon 
to tellurium addition is of the order 
f 0.08 per cent silicon per 0.001 


per cent tellurium. 
Omitting Silicon Addition 

AE. Peace has informed the 
writer that as the result of several 
years of experience it is his custom 
to add 0.003 per cent tellurium and 
030 per cent silicon to metal for 

astings prone to mottle. The end is 
successfully accomplished but the 
graphitizing rate is approximately 
unaltered. The omission of the silicon 
,ddition results in hard ”rims.” No 
data are available regarding the 
effects of tellurium on mechanical 
properties. 

Tellurium. Incomplete work in 
the author’s laboratory indicates that 
tellurium may have a profound fa- 
vorable effect on the form of graph- 
ite nodules and thus improve the 
mechanical properties. 

Thallium. Thallium probably does 
not occur accidentally in malleable 
iron. The addition of one-half per 
cent thallium to molten hard iron 
produced no result. In the absence 
of satisfactory analytical procedures 
it is not known whether any was 
recovered in the metal. 

Thorium. Thorium probably does 
not occur accidentally in malleable 
iron. The addition of one per cent 
thorium to white cast iron produced 
no results. No evidence of its pres- 


ence could be had analytically nor 
was the product sufficiently radio- 
active to fog a photographic plate 
on long exposure. 

Tin. Tin is encountered occa- 
sionally in amounts of several hun- 





dredths of one per cent, having been 
accidentally introduced in malleable 
iron when scrap contained bearing 
metal or tinned parts. It is extremely 
objectionable not because of any di- 
rect effect but by combining with the 
sulphur of manganese sulphide to 
form an allotriomorphic sulphide as 
explained under Sulphur. When 
sulphur is stabilized by cerium and 
lanthanum, tin, at least in small 
quantities, appears to be without 
effect on the metal. 

Titanium. Most iron ore contains 
a little titanium, some of which is 
recovered in the blast furnace. Melted 
under oxidizing conditions titanium 
disappears rather easily from the 
metal. In the presence of about 0.10 
per cent silicon, metal containing 
0.15 per cent titanium graphitizes 
as fast as titanium free metal con- 
taining 0.60 per cent to 0.75 per 
cent silicon*®. No attempt has been 
made to trace the effect of such 
amounts of titanium on mechanical 
properties. Qualitatively it is believed 
that less tendency to mottle is en- 
countered for equal annealability, 
using titanium rather than silicon. 

Tungsten. Tungsten is not nor- 
mally encountered in malleable iron. 
it can be introduced into molten 
cast iron as ferro-tungsten but diffi- 
culty is encountered because the 
alloy has a high melting point and 
easily covers itself with tungstic 
oxide when heated. Alloys have been 
made in the author’s laboratory con- 
taining up to 2.88 per cent tungsten. 
In the absence of silicon this amount 
of tungsten did not produce any sig- 
nificant amount of graphite in ordi- 
nary annealing. Added to normal 
white iron 1.29 per cent tungsten 
did not retard annealing. 

There is believed to be a paper 
by Anson Hayes and a co-worker, 
dealing with the joint effect of tung- 
sten and manganese, which has not 
been traceable through the usual 
library approaches. Data as to the 
mechanical effects of tungsten on 
malleable iron are lacking. 


Occurrence in Malleable Iron 

Uranium. Uranium is another ele- 
ment not to be expected to occur 
accidentally in malleable iron. In- 
vestigation in the author’s laboratory 
has disclosed that in absence of 
silicon, even traces of uranium will 
permit graphitization to proceed at 
rates comparable with those caused 
by about 0.75 per cent silicon. A con- 
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centration of 0.3 per cent uranium 
and no silicon caused very rapid 
graphitization. 

Uranium is oxidized easily when 
added to white cast iron, only a 
minor percentage of the addition 
being recovered. The element ap- 
parently is a more powerful graphi- 
tizer than titanium so far as may be 
judged by qualitative evidence. 

Vanadium. Vanadium is easily 
oxidizable and not normally present 
in malleable iron. It forms very 
stable compounds with carbon and 
perhaps iron. This carbide remains 
unaltered in heat treating and is of 
little mechanical effect except that 
it supposedly increases the metals’ 
serviceability as a bearing*®. Its use 
is suggested more for pearlitic than 
normal malleable. . 

Zirconium. Zirconium is an ele- 
ment not occurring naturally in 
malleable iron and is oxidized easily. 
It is a very active graphitizer. 

Irons containing 0.60 per cent 
silicon and 0.21 per cent zirconium 
had properties characteristic of “low” 
iron, that is, iron containing too 
much carbon and silicon. Even 0.035 
per cent and 0.055 per cent zirco- 
nium in the presence of 0.045 per 
cent silicon annealed readily and 
with some tendency to be “low.” 

Having described what seems to 
be known about the individual ele- 
ments, it seems important to attempt 
some generalization. For these to be 
of any interest we must go be- 
yond the hackneyed platitude that 
chromium, manganese, etc., retard 
graphitization because they form 
stable carbides, which says that they 
promote stability because they are 
stable and adds nothing to our com- 
prehension. 

Under Sulphur, the effects of cer- 
tain elements which act solely be- 
cause they form compounds of 
certain general characteristics, has 
been sufficiently discussed. These are 
the following: 


Elements Forming Inert 


Compounds 
S Mn 
Se Sn 
Te Sb 
B* (in large La-Ce 
amounts ) Cu ? (when it 
v* retards ) 


*Boron and vanadium are here added te 
the metals considered under Sulphur 
because it seems highly probable that so 
far as they form carbides these com- 
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pounds remain present as inert phases 
and otherwise contribute nothing in 
either direction to graphitization. 


The following elements appear to 
affect the graphitizing by their pres- 
ence, while not themselves forming 
separate phases. They are given in 
the order of their atomic diameters, 
when known. These diameters are 
shown and also the group in the 
periodic table where the elements 
are found. The group number is 
also the number of valence electrons. 


Elements Hindering Graphitization 


Atomic 

Element Diameter (A°) Group 
H ? I 
O ? VI 
Cr 2.49 Via 
Mn 2.58 Via 
Mo 2.72 Via 

Elements Favoring Graphitization 

B —— III 
P ——. Vv 
Be 2.24 II 
Si 2.35 IV 
Ni 2.49 Villa 
Co 2.51 Villa 
Cu 2.55 Ib 
Al 2.86 III 
Au 2.88 Ib 
Ti 2.90 IVa 
Bi 3.10 Vb 
Zr 3.18 IVa 


U (more than W = 2.75) Vila 


For comparison, carbon is in group 
IV with an atom diameter of 1.42 
and iron in group VIII a, with a 
diameter of 2.48. 

Prohably we do not know enough 
about the participation of the ele- 
ments hydrogen and oxygen to en- 
gage in much discussion. Except 
hydrogen, all the .retarders are in 
group VI, which also contains sul- 
phur, and in sub-group “b,” the 
elements selenium and tellurium. All 
the metallic retarders have atom 
diameters larger than iron. They all 
have diameters near enough to that 
of iron to permit formation of solid 
solution, (within 12 per cent or 15 
per cent according to Hume-Rothe- 
ray**) , and these solutions are known. 
Two of them are known to be pres- 
ent in greater concentration in the 
carbides at low concentrations than 
in the ferrite. 

All the metals in group I which 
can alloy with iron are accelerators. 
Beryllium is the only metal of group 
II which has been kept alloyed with 
iron. 

Boron and aluminum are the only 
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elements in group III, about which 
much is known, though Ga in III b 
is nearly neutral. 

All the elements of group IV 
which have been alloyed with iron 
are accelerators except that tin (Sn) 
has its effects obscured by sulphur. 

Phosphorus and bismuth in group 
V, may be compared with V whose 
carbides are inert and neutral. Tan- 
talum in sub-group “a,” and with 
neutral arsenic and antimony whose 
effect is obscured by sulphur in sub- 
group “b.” Vanadium is alone as a 
retarder in group V. Tungsten in 
group [Va is inert, molybdenum and 
chromium are active retarders and 
the early elements in group VI and 
those in group VIb are compound 
forming. 

In group VII manganese is the 
only alloyable element and is a re- 
tarder. Group VIIIa does not occur 
in iron and group VIIIb contains 
jron and the accelerators cobalt and 
nickel, also the noble metals whose 
effects are weak and not thoroughly 
explored. 

Most of the accelerators have 
larger atoms than iron but a few 
have smaller atoms. Within group 
Via, however, the retarding effect 
first diminishes to zero, and the ac- 
celerating effect then makes its 
appearance as the atomic weight 
increases. It is very likely that the 
uranium atom is larger than tungsten 
in this group. 

It seems fair to assume that four 
valence electrons are favorable to an 
atomic structure which will alloy 
and favor graphitization. As the 
number falls first to three and then 
to two and one, the ability to alloy 
decreases, but where preserved the 
elements remain graphitizers. 


Atomic Weight or Size 

Five valence electron elements are 
not always accelerators but may be 
neutral or compound forming. Ele- 
ments containing six or seven valence 
electrons are either retarders per se 
or compound formers, with excep- 
tion of neutral tungsten and acceler- 
ating uranium. It has been pointed 
out already that in group VI the 
effect on graphitization is related 
to atomic weight and/or atom size. 

The metals containing a complete 
outer shell of eight electrons are 
accelerators or neutral behaving 
somewhat like the adjacent sub- 
group Ib. In this area there seems to 
be a tendency for the effect on 


graphitization to 
atomic weight. 

It is quite possible that must 
view the effects of boron nd };. 
muth, which are used in traces on) 
from the viewpoint of nucleus {oy. 
mation. Indeed bismuth can scarce), 
exist in the metal in any other fory 
This mechanism for boron an¢ 
aluminum is pretty well establisheg 
since both these elements definite), 
increase the number of temper car. 
bon nodules. A similar increase ha: 
been noted as an effect of nickel and 
of copper. Hydrogen, chromium, and 
molybdenum have been shown to de. 
crease nodule number, but manga. 
nese, also a retarder, to increase jt 
None of these changes are so enor. 
mously marked as in the case of th; 
accelerators boron and aluminum. 

The accelerating elements jy 
groups II, III, and IV are also ver 
active deoxidizers. One is prone to 
consider the formation of nuclei of 
their oxides as an important factor 
in explaining their effects on graphi- 
zation. Manganese, however, is an 
active deoxidizer and apparent) 
enucleates the metal it retards. 

Barnett, under the author’s direc- 
tion, has shown*’ that graphitizing 
rate may be proportional to the 
square root of the nodule number 
The theoretical value would be the 
two-thirds power’. 


Element Distribution 

Of the limited number of elements 
investigated, silicon, chromium, and 
manganese seem to distribute them- 
selves between iron and carbide in 
such a manner as to concentrate in 
the latter phase. This is true, how- 
ever, of chromium and manganese 
only if the concentration of these 
elements is rather large—decidedl) 
larger than it would be in white iron 
for conversion to malleable. For 
small amounts of manganese and 
chromium the distribution seems to 
be in the opposite direction. 

Of the alloys favoring graphitiza- 
tion, titanium, silicon, and aluminum 
restrict the gamma iron field. Chro- 
mium does also, a fact which Zener™ 
regards as anomalous. 

The elements manganese, nickel, 
copper, and zirconium expand the 
gamma region. Apparently little con- 
sistency can be found between the 
effects of the elements on grap)i'tiza- 
tion and effect on the gamma op. 

The effects on primary grap! ‘1za- 
tion, while not neglecting an « ‘fect 
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reference to suscep- 
ercooling which 
tion of how crystals 
from the liquid, and 
issed here. 
ments which retard 


in- 


must, in practical 
nt in relatively small 
oduce pearlitic malle- 


wie | atter case their effects 


| properties are over- 
© had the effects of the re- 
ned carbon. That prob- 
studied from the view- 
relation of combined 
various metallographic 
B forms t roperties. 
The very active accelerators must 
n in practice be present in quite 
ted amount or mottling will be 
d and the effect on mechani- 
| properties is that of flake graphite 
i not of the particular alloy. 
This leaves us with a very limited 
mber ol 
fect on mechanical properties could 
have any real interest. These are the 
light retarders manganese, molybde- 
num, the accelerators silicon, copper, 
nickel, and cobalt and the neutral 
ments tungsten. The two last men- 


metallic alloys whose 


tioned have not been attractive on 
Copper and 
molybdenum have been successfully 
ised as described under these head- 
The effect of silicon has been 
ussed under that heading. No 
formal knowledge has been available 
oncerning nickel or the small range 
f manganese content which would 
not interfere with annealing. 
It seers almost self evident that any 
f these elements should strengthen 
nd stiffen ferrite. The observations 
garding copper, molybdenum and 
silicon—the latter within a range 
msistent with graphitizing condi- 
tions—at least qualitatively confirm 
this conclusion. 


grounds. 


— 


Mechanical Properties 

Alloy elements might, of course, 
ilso affect mechanical properties by 
ontrolling the form and number of 
temper carbon nodules. These char- 
acteristics are, however, largely re- 
ated to heat treatment. 

Schindler and Elliott, with the 
uthor** showed that, in a given iron, 
decreasing the nodule number per 
mm.° from 41,000 to 135 altered the 
tensile strength but little, but a 
decrease to 30 increased it 
3,000 psi. A reduction in 


furths 
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number of nodules 


the per unit 
volume, however, increased the elon- 
sation. At an average nodule num- 
der of 35,000 per cubic millimeter 
-he elongation was about 14 per cent 
ind at an average of 80 about 21 
ver cent. An acceleration of anneal- 
ing rate due to an increase in nodule 
number may be accompanied by 
corresponding effects. 

In this paper an attempt has been 
made to summarize the facts, known 
to the author, regarding the effects 
of chemical composition on qualities 
of malleable iron. A sincere attempt 
has been made to survey the litera- 
ture with reasonable completeness. 
Apologies are due to any authors 
whose work has escaped notice, 
either through ignorance, inadvert- 
ance or because the available library 
facilities did not disclose it. In a few 
cases references deemed repetitions 
were omitted. Continental references 
large neglected, 
fearing possible confusion with white 
heart malleable. It is the 
hope that this summary and particu- 
larly the appended references may 
facilitate the work of those who may 
wish to work’in the field of alloying 
malleable. 


were in measure 


writer’s 
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DISCUSSION 


Chairman: A. M. Futon, Northern 
Malleable Iron Co., St. Paul, Minn. 

Co-Chairman: C. F. Joseru, Saginaw 
Malleable Iron Div., General Motors 
Corp., Saginaw, Mich. 

J. E. Reuper': Was silicon largely in 
the carbide, segregated with the carbide? 

Dr. ScHwartz: If you separate the 
ferrite phase from the carbide phase by 
electrolytic current passing from the hard 
iron into the solution, the silicon is very 
largely left with the carbide. However, 
it might not be in the carbide. It might 
be a silicide which was left with the car- 
bide, but so far as where it is when you 
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analyze the carbide, it forms part of the 
carbide. 

That study was made many years ago 
by Mrs. Hird, then Anna Nicholson, at 
our laboratory. One of the men in the 
laboratory suggested what I just said. 
The silicon does not have to be in the 
carbide to be found with it analytically. 
The only thing that is known is that 
it is located in the carbide. Whether 
mechanically or chemically is not known. 

C. F. Josepux: How much of the va- 
rious elements could be in an iron and 
still not affect the iron to any great 
extent as far as mottling or graphitiza- 
tion is concerned? Very often J have 
been asked how much chromium, molyb- 
denum, or nickel could be in an iron 
without changing the iron from the stand- 
point of graphitization in the hard and 
the annealed state. 

Dr. ScHwartz: The opinions about 
chromium have ranged from the late Dr. 
Touceda’s idea that even thousandths of 
a per cent were detrimental up to per- 
haps 0.1 per cent. My guess is that in 
commercial practice chromium is not 
determined as a routine check. We make 
commercial iron and do not recognize 
that you may have 0.05 per cent chro- 
mium. I think if the iron has 0.10 per 
cent chromium it will be so bad you will 
know it by the usual mechanical tests. If 
the chromium content is 0.02 or 0.03 per 
cent I do not think it will be evident 
unless an analysis for chromjum is made. 


The percentage of molybdenum could 
be quite large. I would not hesitate to 
put 0.5 per cent molybdenum in iron 
and still expect to do ordinary annealing. 

There seems to be a trend for nickel, 
even if it does not mottle, to help pro- 
duce irregular forms of graphite. On the 
other hand, that cannot always be so, 
because some good results were obtained 
using nickel. We made several tons of 
experimental high nickel alloys when we 
were working with them, and I con- 
cluded that it was not worth further 
effort. 

Boron is an accelerator in iron with 
0.001 per cent boron and even more so 
with 0.003 per cent; so much more that 
quality of the iron can deteriorate. Boron 
counteracts the chromium to some extent. 
With 0.003 per cent boron in iron, 0.1 
per cent chromium in the iron may an- 
neal. A boron content of 0.25 per cent 
in iron anneals faster than no boron at 
all. It does not produce good iron. One 
per cent boron in iron does not anneal 
under any circumstances. I think the 
carbon is permanently in the carbide 
state. 

I doubt if one would put enough tung- 
sten in any commercial iron to have to 
consider what might happen. 

Probably 1.5 per cent of copper in iron 
would improve it, causing it to anneal 
better and be stronger. Copper may be 
added accidentally as a copper-tin alloy. 
When tin is put in, the tin takes the 
sulphur from manganese. 

Tin sulphide forms films. Copper sul- 
phide is a fairly stable compound which 
may perhaps remove sulphur from 
manganese sulphide but it makes the 
idiomorphic form and does no harm, ex- 


cept as it eliminates mangar-se 7, 
is largely conjectural. Mang Sp 
specifically an active retarder the bie 
stages of annealing. It is in sa 
stages of annealing. i 

The effect on primary graphitizatioy ; 
usually less marked. The mechanism {, 
affecting primary graphitization may, “oem 
to include an effect on the tendency 
supercool. It is my impression that sy: 
elements as chromium and molybdenyy 
must be present in much large: amounts 
to decrease mottling than to retard ap. 


nealing. 

Eric WELANDER®: What is the mow 
desirable range of phosphorus content? 

Dr. Scuwartz: For ordinary malle. 
able iron, 0.18 per cent. 

Mr. WELANDER: What happens to the 
iron when the phosphorus drops beloy 
0.18 per cent? 

Dr. ScHwartz: The tensile strength 
drops. 

Mr. WELANDER: What will happen t 
the elongation? 

Dr. Schwartz: Not much. There wil! 
be no improvement. 

Davm Tamor’®: Often in heavy sec. 
tions metallurgists will add carbide sta. 
bilizers to prevent mottling. They may 
not know how much residual chrome js 
in the melt and will end up with an iron 
that may or may not be capable of 
annealing. 

It would be interesting to know, with 
0.05 per cent chrome for instance, what 
the limitations on a carbide stabilizer are 

Dr. ScHwartz: I do not know why 
anybody would want to put carbide sta- 
bilizers in heavy sections, when they could 
leave the silicon out. It is analogous to 
making a man sick and then administer- 
ing medicine to make him well, both at 
the same time. 

At the present time nearly any scrap 
iron you analyze contains nickel. I have 
no idea what the average residual nicke! 
is, but I am quite sure that the amount 
makes no »bstantial difference. 

Almost all scrap iron contains chro- 
mium. I receive from our plants analyses 
which read “Chromium Nil,” but I am 
very suspicious of these results. I think 
it means the chemist got so little chro- 
mium he did not want to report it. 

I would not be concerned if it was 
0.02 per cent, but I might be concerned 
if it was 0.05 to 0.10 per cent. I would 
be concerned about where the purchasing 
department was buying the scrap 

If you are going to combine chromium 
and nickel you have a major research on 
your hands, because you would have the 
independent variation of two different 
variables. 

I believe there is molybdenum in most 
malleable scrap now. There is enough 
molybdenum in steels. Those small 
amounts will not oxidize, so no doubt we 
are picking up molybdenum. 

Possibly what one ought to do when 
he has unexplained misanneals is 0 
determine all the elements which can be 
tramp alloys and study the resu!'s 

You will always have copper. ! cer 
tainly would not start on the molybde- 
num-chromium idea without wanting t 
consider whether copper was always 
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we know that you can 
nolybdenum and 0.5 pet 
ne per cent molybdenum 
t copper and get along. 
the other elements occur 
able iron. Tin occurs 
i be concerned about tin 
concen- 
scarce in 


bout chromium 
Tin is not so 
ecause bearing metals are 


d in scrap. When the 


tin gets into the iron it stays there. 

W. G. Ferrevi*: Dr. Schwartz, you 
stated that the aluminum was an accel- 
erator. 

Dr. SCHWARTZ: Very much so 

Mr. FERRELL: We find it to have just 
the opposite effect in 1.40 to 1.60 per 
cent silicon iron. We cannot dissolve the 
pearlitic matrix with the use of aluminum 
in malleable iron. We have never been 
able to find out why 
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Dr Scuw ARTZ: No reason occurs to 


me why the presence of these silicon con- 


tents should alter the effects. It is true 
that if aluminum is present in amounts 
of several per cent it is no longer an 
accelerator but this is of academic in- 
terest only to the malleable founder. 
‘Grinnell Co., Ltd., Toronto, Ontario 
*Union Malleable Iron Works, E. Moline, Ill 


Auto Specialties Mfg. Co., St. Joseph, Mich. 
*American Chain & Cable Co., York, Pa. 














GAS ELIMINATION IN NON-FERROUS 
ALLOY CASTINGS 





George Dalbey 


Mare Island Naval Shipyard 
Mare Island, Calif. 


GAS IN METALS is a subject 
which usually brings on a lively de- 
bate in any gathering of foundry- 
men. The following observations 
and preliminary experiments are of- 
fered as more fuel to the debate, 
and as a partial answer to a furnace- 
man’s statement that in melting 
metal, and in spite of the utmost 
care, an occasional heat of metal 
will be gassed, otherwise known as a 
“wild heat.” What, then, can be 
done to eliminate the gas and how 
much gas can be eliminated? 

It is the belief among foundry 
furnacemen that commercially gas- 
free metal can be produced in the 
foundry by melting metal under a 
neutral or slightly oxidizing atmos- 
phere. 

Men operating the oil-fired 
Schwartz furnace in this foundry 
endeavor to melt the metal rapidly, 
under a slightly oxidizing flame, at 
the same time avoiding an exces- 
sively high temperature. The metal 
is removed from the furnace as soon 
as possible after the proper tempera- 
ture has been reached. This pro- 
cedure has been largely successful in 
producing a metal low in gas. 

It is believed by many that gas 


Note: The opinions or assertions con- 
tained herein are those of the author 
and are not to be construed as official 
or reflecting the views of the Navy De- 
partment or the Naval Service at large. 
Presented at a Brass and Bronze Session 
of the Fiftieth Annual Meeting, Ameri- 
can Foundrymen’s Association at Cleve- 
land May 8, 1946. 


will escape from molten metal under 
proper conditions. Professor Cecil 
Desch, of Sheffield University, Eng- 
land, made the following statements 
regarding his observations on the 
gas content of liquid metal: “Unlike 
other liquids, molten metals dissolve 
more gas as the temperature rises, 
so that the more the metal or the 
alloy is overheated before casting, 
the more gas will be dissolved; and 
so such solutions easily remain 
supersaturated. An overheated met- 
al usually will contain more gas at 
the moment of pouring than one 
that has been heated only to proper 
pouring temperature.” 


Gas Given Off 

He also states: “In some cases the 
gas would be given off on cooling, 
before the casting temperature was 
reached, and it was only in the case 
of rapid cooling that one would ex- 
pect to get any supersaturated solu- 
tion.” 

In the melting and casting of 
aluminum bronze, Professor H. C. H. 
Carpenter, of Imperial College of 
Science and Technology, England, 
made the following statement: “Aft- 
er the metal had been poured and 





Gas in non-ferrous alloys may 

be eliminated in large part by 
holding the gas-contaminated metal 
for a sufficient period at a temper- 
ature above its melting point in an 
atmosphere relatively free of the 
contaminating gas. Experiments also 
indicate that a drop in temperature 
during the holding period is not 
necessary to secure elimination of 
a large part of the gas. 





cleared of its dross, it would } 
allowed to remain in the crucible a: 
long as possible before pouring. With 
the fall of temperature the solubility 
of gas diminishes. Corresponding to 
this there is a liberation of dissolved 
gas.” 

Oil-Fired Schwartz Furnace Ob- 
servations. Early in the summer of 
1942 a large, covered, well insulated 
thermal ladle holding 1000 |b. of 
metal was put into use at the “Yard” 
foundry. Experiments were made in 
removing all of the metal from the 
Schwartz furnace at one time, at the 
same time keeping the metal suffi- 
ciently hot so that all would pour 

It was observed on occasional 
heats that the risers on the first 
molds poured would mushroom, and 
that the risers on the last molds 
would have a good shrink. This in- 
dicated that the gas probably was 
escaping from the metal during the 
10 to 15 min. required to pour the 
ladle of metal. 

On some occasional gassed heats 
another phenomenon was observed. 
When light castings and heavy cast- 
ings were poured at the same time, 
the risers on the light castings would 
shrink, and the risers on the large 
castings would mushroom. This in- 
dicated that a mass effect, on the 
metal solidifying rate, is a factor in 
the liberation of gas. 


Electric Furnace Observations. 
When melting a copper-nicke! alloy 
in an indirect-are, rocking electric 
furnace, and making no effort to 
control the gas content since the 
metal was to be remelted, the fol- 
lowing observations were mad 

Power was turned off when the 
metal was at the proper temper? 
ture. The first ladle of metal tapped 








violent effervescence, 

into which the metal 
ishroomed badly. The 
vith only a slight ef- 
oduced ingots with 
jushrooming. 


Shrinkage 

idle was quiet and pro- 
with a good shrink. 
dicate that the gas was 
ng the time that the 
id in the furnace. The 
from the moment the 
turned off to the finish 

yas about 10 min. 
samples of monel metal 
ectric furnaces the follow- 
observations were made. When 
ladles of the same size 


were used simultaneously to dip 
from the furnace, the metal 
n the ladle made of graphite would 


Jlidifv rapidly, forming a dense test 

tton with a good shrink. 

The metal in the well-dried ladle 
made of fire clay would solidify 
more slowly, forming a test button 
with little if any shrink, and often 
would mushroom. From this it may 
be concluded that a metal contain- 
ng some gas will produce a satis- 
factory casting if solidification is 
sufficiently rapid. 

Test Casting. The following cast- 
ings were adopted as the standard 
test castings: 

The test casting called the large 
st casting was a truncated cone 6 
in. high of 334-in. diameter at the 
top and 2-in. diameter at the bot- 
tom. The cone had a poured open 
tep and was covered with dry char- 
coal to promote feeding. This ar- 
rangement should produce sound 
metal in the bottom half of the cast- 
ing if the metal is gas free. A small, 
flat bar casting, 2x1x¥% in., poured 
vertically and called the small test 
casting was also tested. 


Gassing Metal. The metal was 
melted in a small, gas-fired crucible 
funace, the atmosphere of which 
could readily be made oxidizing or 
reducing. It was possible to produce 
gassed metal a large part of the time 
by melting and overheating in a re- 
ducing atmosphere. This method 
was somewhat uncertain because 
sometimes the metal, when poured 
= e large test casting, would not 
mushroom. 


In order to produce badly gassed 


metal consistently, the following pro- 
cedure was adopted. When the 
metal was melted a slightly damp 
lump of fire clay was floated on top 
of the liquid metal for about 3 min., 
by which time the metal had ab- 
sorbed sufficient gas so that it would 
mushroom badly when poured into 
the large test casting. 

Test Procedure. A heat of hy- 
draulic bronze taken at random from 
the Schwartz furnace was tested for 
gas elimination, using the difference 
in specific gravity as a measure of 
the gas eliminated. Metal was taken 
from the metal stream coming from 
furnace, entering thermal ladle. 

Large test casting A was poured 
at 2200° F. The shrink on test cast- 
ing was normal. The fracture of this 
casting was slightly spongy and had 
many scattered golden spots, and the 
specific gravity was 8.71. 

Large test casting B was poured 
at 2090° F. after holding metal in 
the ladle for 12 min. The shrink 
on test casting was normal. The 
fracture was slightly spongy with 
some scattered golden spots, and the 
specific gravity was 8.79. 

Regular castings were poured 5 
min. after the metal entered the 
ladle. None of the risers of the regu- 
lar castings mushroomed. The metal 
made satisfactory castings. 

Several 35-lb. heats of metal were 
melted in the gas-fired, laboratory 
crucible furnace, and gassed or not 
as the occasion demanded. The first 
test casting was poured. The re- 
mainder of the metal was treated 
and the secend and third castings 
poured. The castings then were sec- 
tioned and examined for differences. 


Samples 

Cross sections and fractures were 
taken from the similar locations in 
each set of castings. The etching 
solution used on the specimens was 
ammonium persulphate. For com- 
plete details, see the accompanying 
photographs, photomicrographs and 
descriptions of tests. 

Shrinkage Porosity Pattern Due to 
Lack of Feeding in Hydraulic Bronze 
Casting. To observe the difference 
in properties between poorly-fed and 
well-fed castings, a 35-lb. heat of 
hydraulic bronze was melted in a 
gas-fired, laboratory crucible fur- 
nace, under a slightly oxidizing 
flame. The temperature of the metal 
in the furnace did not exceed 2200° 
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F.: pouring temperature, 2100° F. 

Two truncated cone test castings 
Figs. 1 to 8) were poured out of 
the same crucible of metal, and with 
as short a lapse of time as possible 
between pourings. To prevent feed- 
ing, the top of casting (Fig. 1) was 
frozen as soon as possible by pouring 
water on top of the casting 


Feeding 
To promote feeding, the top of 
9) 


casting (Fig. was covered with 


dry charcoal as soon as possible. 

lo observe the porosity pattern, 
the castings were split vertically. 
The specific gravity was determined 
on a half cross section taken 2 in. 
from the bottom. The cross section 
was broken so that the fracture could 
be examined. Specific gravities of 
the half cross sections shown in Figs. 
1 and 2 were 8.82 and 8.88, re- 
spectively. 

Gas Porosity Pattern. The gas 
porosity pattern generally produced 
in hydraulic bronze is similar to that 
shown in Figs. 9 and 10. The photo- 
graph Fig. 9) is of a cross section 
of a giser just above the casting. 
The metal from which this casting 
was poured was melted in an oil- 
fired Schwartz furnace, and evident- 
ly was gassed in melting, because 
all of the risers on the castings 
poured from this heat of metal 
mushroomed. 

Similar castings poured from an- 
other heat of metal did not have 
mushroomed risers. The molds were 
made from the same sand, by the 
same molder. The gas porosity pat- 
tern often produced in manganese 
bronze is shown in Figs. 11 and 12. 

Figure 11 shows a cross section of 
a riser just above the casting. The 
metal in this casting was melted in 
an oil-fired Schwartz furnace. The 
metal was gassed accidentally by 
pouring into a newly lined ladle 
which was not thoroughly dry. The 
risers on castings poured from the 
same heat of metal, but from a dif- 
ferent ladle, did not mushroom. 

A marked difference in gas por- 
osity patterns produced in the dif- 
ferent alloys is evident. 

Gas Elimination in Aluminum 
Bronze. To determine the effect of 
time and temperature on the elimi- 
nation of gas from molten aluminum 
bronze, the following experiment 
(Figs. 13 to 16) was undertaken. 

A 35-lb. heat of aluminum bronze 
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Fig. 1 (left)—A half cross section of the poorly fed casting, showing considerable 

fine porosity in center. Strongly etched with ammonium persulphate. About 2X. 

Fig. 2 (right)—A half cross section of the well fed casting, showing little if any 
porosity. Strongly etched with ammonium persulphate. About 2X. 














Fig. 3—An enlargement of the half cross section Fig. 4—An enlargement of the half cro tion 

of the poorly fed casting (Fig. 1) showing consid- of the well fed casting (Fig. 2), show.n He if 

erable porosity. Strongly etched with ammonium any porosity. Strongly etched with a’ nium 
persulphate. About 25X. persulphate. About 25X. 

















Fig. 5 (left)—A fracture of the half cross section of the poorly fed casting (Fig. 1). 

The fracture was spongy and had a color range from blue-gray through golden to 

dark brown. About 1%4X. Fig. 6 (right)—A fracture of the half cross section of 

the well fed casting (Fig. 2). The fracture was solid and dense and was blue-gray 
in color, About 1Y%4X. 


Fig. 7 (left)—A vertical section of the poorly fed casting, showing gross porosity. 
Slightly etched with ammonium persulphate. About 7X. Fig. 8 (right)—A verti- 


cal section of the well fed casting, showing lack of gross porosity. Slightly etched 
with ammonium persulphate. About 7X. 
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Fig. 9 (top, insert)—Cross section of a riser, jus 
casting, that mushroomed badly. The metal hydra 
was melted in an oil-fired furnace. Cross secti 
etched with ammonium persulphate. About 1/.X 
Enlargement of the cross section shown in Fig. 9 
etched with ammonium persulphate. About 25X 
porosity ts largely intergranular, long tortuous inte) 
voids. Feu spherical gas holes have form: 











Fig. 11 (left)—Cross section of a riser that mushroomed badly. The metal manga- 

nese bronze melted in an oil-fired furnace. Cross section strongly etched. with 

ammonium persulphate. About 1/%2X. Metal accidentally gassed by pouring into a 

new ladle that had not been thoroughly dried. Fig. 12 (right)—Enlargement of 

cross section shown in Fig. 11. Strongly etched with ammonium persulphate. 

About 25X. Note that porosity is largely spherical with little if any tortuous 
interconnected voids. 















Fig. 13 (left)—Vertical section of the test casting poured at 2200° F. immediately 
after gassing. Lightly etched in ammonium persulphate. About 7X. Fig. 14 












" (right )}— Vertical section of the third test cast.ng poured at 1980° F. Lightly etched 
in ammonium persulphate. About 7gX. Note marked reduction in porosity. 





Fig. 15 (left)—Fracture of the half cross section of the badly gassed casting. Frac- 
ture was coarse and spongy. Interiors of the holes were a bright yellow color. About 
I1Y%X. Fig. 16 (right)—Fracture of the half cross section of the third casting 
poured at 1980° F. Fracture had an even color distribution and showed little if any 
gas porosity. About 1V¥4X. 
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Fig. 17 (left)—Vertical section of the first test casting poured at 2360° F. immedi- 
Lightly etched with ammonium persulphate. About 7X. 
Fig. 18 (right)—Vertical section of the third test casting poured at 2050° F. Lightly 
etched with ammonium persulphate. About 7X. Note marked reduction in porosity. 


ately after gassing. 



















Fig. 19A—Half cross section and fracture from casting (Fig. 17). The half section 
Fracture was coarse, spongy, and badly discolored. 
Specific gravity—8.13. 

Fig. 19B—Half cross section and fracture from casting (no photograph of vertical 
section). Half section shows considerable porosity. Fracture was coarse and dis- 
colored. Specific gravity—8.44. 

Fig. 19C—Half cross section and fracture from casting (Fig. 18). The half section 
showed little if any porosity. Fracture was a fine blue-gray. About 1¥%4X. 
Specific gravity—8.82. 


shows considerable porosity. 





¢ 


B Cc 


Fig. 20A-B-C-D—Cross sections of test castings. Strongly etched with ammonium 
persulphate. About 1X. Note gradual diminution of porosity from A to D. 


Fig. 21—Enlargement of the cross section of first test cone (Fig. 20-A) which mush- 
roomed badly. Strongly etched with ammonium persulphate. About 25X. Porosity 
is distributed within the grains and at grain boundaries. All the dark areas are voids. 
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ASTINGs 





Fig. 22—Enlargement of the cross section of the fourth test cone (Fig. 20D) which 
Strongly etched with ammonium persulphate.. About 25X. 
Marked reduction in porosity comparing Fig. 20, A and D. 


had a good shrink. 





was melted in a gas-fired, labora- 
tory crucible furnace. The metal 
was brought to a temperature of 
2230° F. and gassed by floating a 
lump of damp clay on the surface 
of the metal for 3 min. 

The first test cone (Fig. 13) was 
poured immediately after gassing. 
Pouring temperature was 2200° F. 
The casting mushroomed badly. The 
remainder of the metal was returned 
to the furnace and held for 5 min. 
with the furnace fuel turned off. 


Effect of Furnace Cooling 

The second test cone was poured 
at 2100° F. The casting mush- 
roomed badly. No photographs were 
taken of this casting because it ap- 
peared similar to that shown in Fig. 
13. The remainder of the metal was 
returned to the furnace and held 
for 6 min. with the furnace fuel 
turned off. 

rhe third test cone (Fig. 14) was 
poured at 1980° F. after a total 
holding time of 11 min. The cast- 
ing had a normal shrink. 

In order to observe the porosity 


the castings were split vertically. 
The specific gravity was determined 
on a half cross section taken 2 in. 
from bottom of the casting. The 
half cross section was broken so that 
the fracture could be examined. 
Specific gravity of the test casting 
shown in Fig. 13 was 6.91, and that 
of casting shown in Fig. 14, 7.61. 

A large part of the gas evidently 
will escape from molten aluminum 
bronze if the time is sufficient, and 
with the possible assistance of a 
drop in temperature. 

Gas Elimination in Hydraulic 
Bronze. To determine the effect 
of time and temperature on the 
elimination of gas from molten hy- 
draulic bronze, the following experi- 
ment was undertaken. 

A 35-lb. heat of hydraulic bronze 
was melted in a gas-fired, laboratory 
crucible furnace. The metal was 
brought to a temperature of 2400 
F. and gassed by floating a lump of 
damp clay on the surface of the 
metal for 3 min. 

The first test cone (Fig. 17) was 
poured at a temperature of 2360° F. 


immediately after gassing. The cast- 
ing mushroomed badly. The balan 
of the metal was returned to th 
furnace and held 4 min. with the 
furnace fuel turned off. 


The second test cone (no photo- 
graphs) was poured at a temperatur 
of 2240° F. The casting mush- 
roomed less than that shown in Fig 
17. The remainder of the meta 
was returned to the furnace and 
held for 10 min. with the furna 
fuel turned off. 

The third test cone (Fig. 18 
was poured at a temperature 0 
2050° F. after a total holding tim 
of 14 min. The casting had a nor- 
mal shrink. 


Observations 


To observe the porosity the cast- 
ings were split vertically. The spe 
cific gravity was determined on 4 
half cross section taken 2 in. from 
the bottom of the casting. The hall 
cross section was broken so that the 
fracture could be examined. Spe- 
cific gravities of half cross sections 


























Fig. 23A 


etched with ammonium persulphate. 


Fig. 23B 


etched with ammonium persulphate. 


Fig. 23C 


S 


Vertical section of the first test casting poured at 2775° F. 


About 7X. Note 


mushrooming. 


About 7X. Note 
and the shrinkage. 


Strongly 


gross porosity and 


Vertical section of the second test casting poured at 2795° F. Strongly 


scattered porosity 


Vertical section of the third test casting poured at 2790° F. Strongly 


etched with ammonium persulphate. About 7X. Note absence of visible porosity 


f the three test cones (Fig. 19, left 
right were 8 13, 8.44 and 8.82. 
\ large part of the gas evidently 

escape from molten hydraulic 
ronze if the time is sufficient, and 
h assistance of a temperature 


Gas Elimination in Monel Metal 


Markedly more shrinkage than in Fig. 23B 


(various pouring temperatures). To 
determine the effect of time and 
temperature on the elimination of 
gas from molten monel metal, the 
following experiment was under- 
taken. 

A 200-Ib. heat of monel metal pig 
was melted in a 350-lb. capacity 


indirect-arc, rocking clectric furnace 
The metal was brought to a tem- 
perature of 3050° F. The first test 
cone (Fig. 20-A) was poured im- 
mediately at a temperature of 3000 
F. The casting mushroomed badly. 
The remainder of the metal was 
held in the furnace for 5 min. with 


Fig. 24A—Half cross section taken 2 in. from bottom of first test casting (Fig. 23A 
poured at 2850°F. Strongly etched with ammonium persulphate. About 1V%4X. 
Note the gross porosity and almost complete absence of fine porosity. 

Fig. 24B—Half cross section taken 2 in. from bottom of second test casting (Fig. 


Ae A= 


23B) poured at 2775 


1X. 


F. Strongly etched with ammonium persulphate. 
Note fine porosity and some reduction of gross porosity. 


About 


Fig. 24C—Half cross section taken 2 in. from bottom of third test casting (Fig. 


23C) poured at 2795°F. Strongly etched with ammonium persulphate. 
No gross porosity and only a small amount of fine porosity concentrated in 


1Y4X. 


central area of casting. 


About 
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all the furnace power turned off. Fig. 25A—Enlargement of half cross section (Fig. 24A). About 16X. Con- 

A second test cone (Fig. 20-B) siderable gross porosity. The dark dendritic patterns are not voids. 
was poured. The casting mush- Fig, 25B—Enlargement of the half cross section (Fig. 24B). About 16X 
roomed less than the casting shown Considerable gross porosity but finer than that shown in Fig. 24A. Voids ar 
in Fig. 20-A. The remainder of the elongated tortuous dark areas. 
the metal was held in the furnace Fig. 25C—Enlargement of the half cross section (Fig. 24C). About 16X 
for an additional 5 min. with power Porosity is of the fine interdendritic tortuous type. Voids are the fine thir 
turned off. elongated tortuous dark areas. 

A third test (Fig. 20-C) 
was poured. The casting mush- 
roomed less than that of Fig. 20-B. 
The remainder of the metal was 
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cone 


Figures 21 and 22 are enlargements 
of A and D sections of Fig. 20. 


of 2850° F. and gassed by floating 


held in the furnace for an additional 
) min. with power turned off. 

A fourth test cone (Fig. 20-D) 
was poured at a temperature of 
2710° F. The casting had a good 
shrink. 


Temperature Control 
Total holding time was 15 min. 
The total drop in pouring temper- 
ature was 290° F. The optical pyro- 
meter was used in determinations. 
Cross sections were taken 2 in. 
from the bottom of each casting and 
etched in ammonium persulphate. 
Specific gravities of cross sections A 


and D of Fig. 20 are 8.04 and 8.69. 


A large part of the gas evidently 
will escape from molten monel metal 
if the time is sufficient, and with 
the possible assistance of a drop in 
temperature. 

Gas Elimination in Monel Metal 
(constant temperature). To deter- 
mine the effect of time, while hold- 
ing the temperature constant, on the 
elimination of gas from molten 
monel metal the following experi- 
ment was undertaken. 

A 35-lb. heat of monel metal pig 
was melted in a magnesia crucible 
in an electric induction furnace. The 
metal was brought to a temperature 


a lump of damp clay on the surface 
of the metal for 15 min. Magnesium 
as a deoxidizer was added at rat 
of 1% oz. per 100 Ib. of metal. 


The first test cone (Fig. 25-A 
was poured immediately after add- 
ing the magnesium at a tempe! 
of 2775° F. The casting mush- 
roomed badly. The top of the cast- 
ing was rough and drossy. T! 
ance of the metal was held 
furnace for 10 min. with ju 
cient power on to maintain t 
perature. 

A second test cone (Fig 
was poured at a_ temperat 


2795° F. The casting had a 



























shrink. The top of the casting was 
free from dross. The balance of the 
metal was held in the furnace for 
an additional 10 min. with just 
enough power on to maintain the 
temperature. 

The third test cone (Fig. 23-C) 

poured at a temperature of 
2790° F. The casting had a marked 
shrink, larger than that shown in 
Fig. 23-B. The top of the casting 
was free from dross. 

otal holding time was 20 min. 
[here was a temperature increase 

20° F. An optical pyrometer was 

ised to determine temperatures. 

lo observe the porosity the cast- 
ings were split vertically. Specific 
gravities determined on half cross 
sections taken 2 in. from bottom of 

sting (Fig. 24-A, B, C) were 8.273, 
715 and 8.774, respectively. Figure 
25 shows enlargements of the sec- 
tions shown in Fig. 24. 

\ large part of the gas evidently 
will escape from molten monel metal 
if the time is sufficient at a constant 

‘mperature, and with the possible 
sistance of the stirring action in 
the fur ice. 

Mass Effect on Gas Elimination 
nA num Bronze. To determine 


, 
the 


ihe effect of the solidifying rate on 





the elimination of gas from molten 
aluminum bronze, the following ex- 
periment was undertaken. 


A 35-lb. heat of aluminum bronze 
was melted in a gas-fired, laboratory 
crucible furnace. The metal was 
brought to a temperature of 2200° 
F. and gassed by floating a lump of 
damp clay on the surface of the 
metal for 3 min. A mold was poured 
at a temperature of 2120° F., mak- 
ing the large truncated cone and 
the small flat bar, 2x1x¥ in. (Fig. 
26-A, B). The cone solidified slowly 
and the small bar solidified rapidly. 
The cone (Fig. 26-A) mushroomed 
badly. The small bar (Fig. 26-B) 
had a shrink in the top. 


Porosity Observed 

To observe the porosity in the 
castings, the cone was split and a 
half cross section was taken 2 in. 
from the bottom of the casting. The 
half section was broken, so that the 
fracture could be examined. A sec- 
tion adjacent to the fracture was 
polished and etched. The specific 
gravity was determined on the half 
cross section. 


The small casting was broken 
transversely at about the center. A 


Fig. 26A 
ished and etched section 
of porosity. Fig. 26B 

and adja ent polishe d and et 


Much less porosity in 
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Fractured half section and adjacent pol- 
VUarked de OTCe 
Fracture of the small casting 


About 4X 


About 4X 


hed sectior 


; i . 
the small casting 





section adjacent to the fracture was 
polished and etched. The specific 
gravity was determined on the bot- 
tom half of the casting, that of the 
cone (Fig. 26-A) being 7.10, and 
that of the small casting (Fig. 26-B) 
7.60. 

With a metal of a given gas con- 
tent more porosity can be expected 
in heavy castings than in light cast- 
ings. 

Mass Effect on Gas Elimination 
in Hydraulic Bronze. To determine 
the effect of the solidifying rate on 
the gas elimination from molten hy- 
draulic bronze, the following experi- 
ment was undertaken. A 35-lb. heat 
of hydraulic bronze was melted in a 
gas-fired laboratory crucible furnace. 

The metal was brought to a tem- 
perature of 2450° F. and gassed by 
floating a lump of damp clay on sur- 
face of molten metal for 45 sec. 

A mold was poured at a tempera- 
ture of 2300° F., making the large 
truncated cone (Fig. 27-A), and the 
small flat bar (Fig. 27-B), 2x1lx'% 
in. The cone solidified slowly and 
the small bar solidified rapidly. 

The remainder of the molten 
metal in the crucible was held for 
34% min., until the temperature 
dropped to 2000° F., at which time 
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the same kind of a mold was poured, 
making a large truncated cone (Fig. 
27-D), and the small flat bar (Fig. 
27-C). 

To observe the porosity in the 
castings the cones were split and half 
cross sections were taken 2 in. from 
the bottom. The half sections were 
broken, so that the fractures could 
be examined. Sections adjacent to 
the fractures were polished and 
etched. The specific gravity was de- 
termined on the half cross sections. 


Castings Broken Transversely 

The small castings were broken 
transversely, at about! the center. 
Sections adjacent to the fractures 
were polished and etched. Specific 
gravities were determined on the 
bottom halves of the castings, being 
8.35, 8.60, 8.75 and 8.51, respec- 
tively, for the sections shown in Fig. 
27-A-B-C-D. 

The large cone (Fig. 27-A) mush- 
roomed badly. The fracture was 
spongy and badly discolored. The 
polished section had _ considerable 
porosity. 

The small bar casting (Fig. 27-B) 
had a slight shrink. The fracture was 
spongy and discolored, but less so 
than the fracture on section A. The 
polished section had much less poros- 
ity than the polished section A. 


Gas ELIMINATION IN Non-FErRo1 


The large cone (Fig. 27-D) had 
a slight shrink. The fracture was 
slightly spongy and discolored, but 
less so than section A. The polished 
section had considerably less porosity 
than the polished section of sec- 
tion A. 

The small bar casting (Fig. 27-C) 
had a good shrink. The fracture was 
slightly spongy, much less so than 
the fracture on section B. The pol- 
ished section had much less porosity 
than the polished sections B and D. 

Indications are that a large part 
of the gas can be eliminated from 
metals by holding the gas-contam- 
inated metal for a sufficient time 
above its melting point in an atmos- 
phere relatively free of the contam- 
inating gas. 

It is not necessary to have a drop 
in temperature during the time lapse 
to eliminate a large part of the gas. 

A not unusual occurrence in a 
foundry is to pour a heavy casting 
and a light casting from the same 
ladle of metal, and to have the risers 
on the heavy casting mushroom and 
risers on the light casting shrink. 


Melter vs. Molder 
This brings forth a dogmatic state- 


ment from the furnaceman: “The 
molds are too wet, rammed too hard, 
or sand too fine.” The molder re- 





torts with: “The meta burn 
and full of gas.” 5 
A possible explanation at the 
small casting solidified pig) F 





enough to hold a large 
the gas in solution so that no pom. 
ity resulted. The heavy casting 











fied slowly enough to allow the o 

to migrate and concentrate jn the ® 
last metal to solidify, with resulting 

porosity and mushrooming of Pi 

The above mentioned mold cond; 

tions could also cause the metal ; 
mushroom. 


DISCUSSION 


Chairman: D. Frank O’Conwno, 
American Saw Mill Machine Co.. Haci 
ettstown, N. J. 

Co-Chairman: HERMAN Smiru. Fed 
ated Metals Div., American Smelting 
and Refining Co., Pittsburgh, Pa 

STANLEY R. Kertn’: How is the mag 
nesium put into the monel metal? What 
manner was used in getting it into ¢ 
molten metal? 





Mr. Da.Bey: We introduce the mag 
nesium into the metal by putting th 
required amount of stick magnesium i: oa 
the crook on one end of a half inch s ty 
rod. The crook containing the magne a 


sium is then plunged into the meta 
It takes considerable dexterity on tt 
part of the furnace operator to get tl 
magnesium into the metal, and not hay 
it burn on the surface of the molt 
metal. 


1Submergent Alloys Corp., New York, N 


Fig. 27A—Fracture and adjacent polished sections from truncated cone test 


casting. Fracture was badly discolored. 


Fig. 27B—Fracture and adjacent polished section from small flat bar casting. - 


Fracture was less discolored than cone casting (Fig. 274A). 


Fig 27C—Fracture and adjacent polished section from small flat bar casting. 


Fracture only slightly discolored, less than that of the cone casting (Fig. 27D). dn 
Fig. 27D—Fracture and adjacent polished section from truncated cone test : 


casting. Fracture was less discolored than that shown in Fig. 27A. - 











pR VENTING VEINING AND 
PENETRATION ON CASTINGS 
MADE IN SYNTHETIC SANDS 





R. E. Morey 

and 

J. R. Kattus 

INCREASED USE of synthetic 
nds throughout the foundry indus- 


onvincing indication that 
their advantages over natural sands 
n many cases are widely recognized. 
in order to fill the need of advanced 
es, repair ships, and other naval 
establishments for simplicity in sand 
.ctice, a synthetic molding sand 
1 core sand were developed at 
Naval Research Laboratory and 
nmended for use in making 
lds and cores for most of the com- 
only used foundry alloys. 
The molding sand mixture con- 
s of washed silica sand with a 
edian size of 180 microns (corre- 
sponding approximately to A.F.A. 
rain size of 80) plus additions of 
per cent bentonite, 1.5 per cent 
dextrine, 0.5 per cent corn flour, and 
) per cent moisture. A core sand 
employing the same base sand bond- 
ed with 1.0 per cent core oil, 1.0 
per cent corn flour, and 4 per cent 
moisture was recommended. 
It was realized that the base sand 
is coarser than normally would be 
used in making a synthetically bond- 


ed sand for use with non-ferrous 


Presented at a Sand Research Session 
of the Fiftieth Annual Meeting, Ameri- 
tan Foundrymen’s Association, at Cleve- 
land, May 8, 1946. Published with per- 
mission of the Navy Department with- 
out endorsement of statements and 
opinions of the authors, R. E. Morey and 

R. Kattus, Lt. (j.g.) U.S.N.R., Steel 


cantings Section, Division of Physical 
prey , Naval Research Laboratory, 
of the Office of Research and Inven- 


tons 


metals. In order to use one sand for 
all metals and thus eliminate the 
necessity of maintaining stocks of 
two or more kinds of sand on repair 
ships and at advanced bases, it was 
felt that a slight sacrifice in surface 
finish could easily be made. This 
compromise on grain size permitted 
the use of the single grade of washed 
silica sand in the mixture to be used 
for all metals which normally are 
required for emergency ship repair. 


neering castings of all the commonly 
cast metals except magnesium have 
been produced consistently in these 
sands. However, difficulty often was 
producing bronze 
castings free of the surface defects 


experienced in 


known as veining and penetration. 
These flaws are rarely found when 
natural sands are used. Veins are 
extraneous fins of metal which some- 
times protrude at various places on 
the unfinished casting. 

Penetration is the name applied 





With few exceptions, sound engi- 








® Veins and penetration are surface defects which frequently 
occur on castings produced in synthetically bonded sand. 
They are frequently found on lead and tin bronze castings, and 
occasionally on iron and steel castings. To find methods for pre- 
venting their formation, an investigation was made to deter- 
mine the mechanism of veining and penetration. Phosphor- 
bronze was used in experimental work because the defects are 
most prevalent in castings made with this alloy. 

Veining of bronze castings is caused by (1) sweating of the 
metal, which is an extreme case of inverse segregation, and 
(2) cracking of the mold or core. In the late stages of solidi- 
fication dissolved gases come out of solution and force the 
low-melting-point constituent of the alloy teward the surface 
of the casting through interdendritic passageways. Frequently, 
this constituent exudes from the surface of the casting and enters 
cracks in the mold or core to form veins. Cracking of molds 
and cores is believed to be caused by the thermal expansion 
characteristics of silica. Penetration defects occur when the 
exuded metal enters interstices among the sand grains. 

Elimination of most veining on bronze castings can be ac- 
complished by proper melting practice because this tends to 
reduce the amount of dissolved gases in the molten metal. Sand 
techniques which help to eliminate veining by preventing the 
mold from cracking were developed. Washes containing finely 
divided refractories stop penetration by filling intertices in 
the surfaces of molds and cores. 

The mechanism of veining on gray iron castings is believed to 
be similar to that of veining on bronze castings, but it is believed 
that veins on steel castings form only at locations where hot 
tears occur. 
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to surface roughness produced where 
molten metal is forced into the inter- 
stices between the sand grains for 
a considerable distance. It varies in 
severity from slight roughness of the 
casting surface to extreme cases 
where the metal has penetrated a 
distance of an inch or more. These 
extreme cases, where sand grains are 
completely surrounded by metal, are 
frequently called “burnt-on sand.” 

Preventing the occurrence of these 
defects is a matter of importance 
since castings are frequently scrapped 
because of them or, at best, time 
and equipment are required to re- 
move them. Therefore, an investi- 
gation was conducted to ‘find, if 
possible, the causes of veining and 
penetration and means for prevent- 
ing their occurrence. 

Observations Regarding Veining 
and Penetration. While veining has 
been known to occur in many of the 
sand casting alloys, the most serious 
cases are found in certain lead and 
tin bronzes. Of the ferrous metals, 
gray cast iron has the greatest tend- 
ency to vein, but veins are occasion- 
ally found on steel castings. Alumi- 
num and magnesium alloys have the 
least tendency to form veins. 

Veining is often confused with 
penetration. This confusion arises 


PREVENTING VEINING AND PENETRATION ¢ a 


because the two defects frequently 
occur simultaneously. However, dif- 
ferences have been noted at the 
Naval Research Laboratory and also 
have been recorded in the litera- 
ture’. 

That molds and cores sometimes 
crack when suddenly heated is a 
fact known to most foundrymen. 
This is attributed to dimensional in- 
stability caused by thermal stresses 
in the sand resulting from tempera- 
ture gradients. Veins form when 
molten metal flows into such cracks. 
They form most frequently at “hot 
spots” in the sand such as re-entrant 
angles, but occasionally are found 
on flat surfaces. Penetration occurs 
when the metal is fluid enough to 
flow into interstices between the 


sand grains. 


Penetration Causes 


Coarseness, soft ramming, and 
poor flowability of the sand are the 
main causes of penetration. In most 
cases it may be eliminated by the 
use of a wash in which a refractory 
of fine particle size is used as the 
base. This prevents penetration by 
filling the interstices between the 
sand grains but it does not stop the 
mold from cracking when hot metal 
is poured into it and hence has little 











Fig. 1—Phosphor bronze casting. 
with a silica flour wash, the other half was not. 


Left half of mold was painted 








influence on veining. Fi 
a phosphor bronze c: 
illustrates this fact. Half 
for this casting was p 
silica flour wash and th 
was untouched. The lin 
cation can clearly be 


penetration was prever by 
wash, but veining was not retard 
Suggested Mechanisn f | 
ing. No satisfactory explanatio 
the mechanism which causes vein: 


has ever been proposed. | 

or fissure to be produced into wt 
metal can flow, the surface of 4 
sand must be in tension. A compre: 
sive stress only tends to bond 
sand into a more compact mas 
When a specimen of rammed sang 
is heated in a furnace, a temperat 
gradient exists from the surfac: 
the interior of the body, and 
surface expands more rapidly {! 
the interior to produce compressioy 
in the surface and tension in 
interior. 


If the furnace is controlled 
some constant temperature by 
573° C. (1063° F.), which is the in- 
version point of alpha quartz to bet 
quartz, the surface of the specime: 
comes to the furnace temperatur 
and expands a definite amount. At 
some later time, the center of t! 
specimen also reaches the furnac 
temperature and expands an amount 
equal to the expansion at the sur 
face of the specifnen. When this 
condition is reached, the temperatur 
gradient is gone and _ the stress 
gradient also disappears. 

Simple heating, therefore, will not 
produce the necessary tensile stress 
to cause veining. Conditions exist- 


ing during cooling can be neglected " 
because it has been observed that t 
at elevated temperatures, cracks de- 
velop in test specimens during the fi 
heating period. These facts indica‘ 
that some other conditions must 
exist for veining to occur. 
Granular Sand 
Since the sand is a granular ma- 
terial of low strength, it is concelv- 
able that some adjustment takes 
place in the grain positions oF the 
clay layer which relieves the com 
pressive stress at the surface during 
the early stages of heating. A tm 
perature gradient then exi:\s with 
shown 


little or no stress gradient, 
in C of Fig. 2. This condition per 
sists as long as the tempera‘ure Com 








R. Katrus 





rovided the surface 
173°C. (1063° F 


temperature rises 






oping hot strength 
nified mass instead of 
rial 
the sand at the sur- 
a temperature ol 
it suddenly stops 

d begins to contract 

wn by the expansion 

in Fig. 3, while the 

terior of the specimen 

ling because it has not 

nversion temperature 

re . ontraction at the sur- 
nied by expansion in 
tends to create tensile 
surface. This is be- 
the condition which 
racks which, in a mold, 
molten metal to ente1 
nd form veins. As the 
surface at 573°C. 


t | progresses inward, the 


ve crack is gradually in- 
Another suggestion which has 
made is that the organic ma- 

the sand mixture burns in 


similar to that in which a 
paper contracts when it 
44 ! lf a specimen is exposed 
evated temperature in th 

eter for a period of not over 

in. and is then removed and 
open, it will be found that 
burned or black layer of 

1 on the surface of the specimen 
the center remains unchanged. 


Cracking 
his might be expected to cause 
hange in length of the surface 
ers and cause some tension which 
uld produce cracking. However, 
theory is discredited by tests 
ipon sillimanite and periclase re- 
iractories which indicate that the 
iture of the refractory as revealed 
st by its characteristic curve probably 
responsible for the forces which 

uts cracks in the specimen. 


By ; ; 
Experimental Procedure. Experi- 


pouring all types of metal 
the Naval Research Laboratory 
vn that the worst instances 


e ‘ veining are consistently found on 

hosphor bronze castings. This al- 
4 Y is known to foundrymen for its 
. roperty of “attacking the sand.” 


ind penetration often dis- 





four he castings beyond repair. 





of phosphor bronze in ex- 
on veining produces the 
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Diagram showing temperature and stress gradi 


ents in a cylinder of sand at room temperature. 
Solid line represents temperature and dotted line 
represents stress. 











When the sand is heated the temperature rises 
first at the surface, and expands causing compres 
sive stresses in the surface layers and tensile 
= B stresses in the interior. 
¢| jc 
Since sand is a granular material and the grains 
are coated with a layer of clay, some rearrange- 
i ie ment of the grains takes place which relieves the 
C stress. The temperature is still rising so the tem- 
perature gradient is unchanged in shape. 
N J The sand at the surface reaches the inversion point 
s**t 8: 73°C and begins to contract slightly while the interior 
continues to expand at a high rate. This produces 
} D high tensile stresses at the surface. 
At this temperature the sand has developed some 
hot strength so the stress is relieved by cracking 
E at the surface instead of by rearrangement of 
ooo a, the grains. 
Fig Diagram shows temperature and stress gradients in a 
cylinder of sand. 
- 
most severe test of the sands used; 1.7 J 
therefore, any means of stopping 1.6 


veining in this alloy would do at 
least as well as other copper base al- 
loys. For this reason bronze of the 
following composition was used in 
all tests: 89.5 per cent copper, 10 
per cent tin, and 0.5 per cent phos- 
phorus. 

A simple test block (illustrated in 
Figs. 4 and 5) was designed so that 
three different sand mixtures could 
be tested in one casting. Three 
standard 2x2-in. test specimens, 
Fig. 3 (right) 
sand, sillimanite, and periclase. 


Expansion curves for 
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Fig. 4 (top) Photo shows ly pe of 
casting used in these tests. Fig. 5 
(bottom )—Same as Fig. 4. 


made from three different mixtures, 
were inserted into the bottom of the 
mold so that one-half of each speci- 
men projected into the molten 
metal. This type of test is one of 
the most severe possible, since the 
sand under test is nearly surrounded 
by metal and the heat flow is re- 
stricted. 

Most mixtures tested were mulled 
in 2000-gram batches in a 15-lb. ca- 
pacity laboratory muller. The reg- 
ular molding sand and core sand, 
which were used for the purpose of 
comparison, were taken from sand 
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bins in the foundry after they had 
been mulled in a 200-lb. production 
muller. Specimens made of clay- 
bonded molding sands were dried 
at 105°C. (220°F.), and _ those 
made of core sands were baked at 
their normal baking temperatures 
before being placed in test molds. 


Induction Furnace Used 

All heats were melted in an in- 
duction furnace. After the data 
from each heat were recorded, the 
same metal was remelted for use in 
subsequent tests. 

Test Results. If the first possible 
mechanism stated in the foregoing is 
a valid explanation for the cracks 
which form on mold surfaces as 
their temperatures are raised, re- 
fractories which have smooth expan- 
sion curves should be free from 
cracks and thus prevent veining 
when used as molding materials. 
Two such materials, namely, peri- 
clase (Mgt) and sillimanite 
(Al.O,.SiO.) were tested. Their ex- 
pansion curves are shown in Fig. 3. 
Samples of sand and of these ma- 
terials having equivalent particle 
size were bonded similarly and tested 
in experimental castings. Figure 6 
shows the results obtained. From 
left to right the cores were sand, 
sillimanite, and periclase. Both peri- 
clase and sillimanite stopped vein- 
ing completely; thus the foregoing 
theory is given support. 

Ability of periclase and sillimanite 
to undergo shock heating without 
cracking is illustrated in Fig. 7. 
These three dilatometer specimens 
were subjected to a temperature of 
1093°C. (2000°F.) for a period of 











Fig. 6—Test casting shows results produced by test cores of (left 
to right) sand, sillimanite and pertclase. 











3 min. Both periclase 
ite maintained smoot}! 
surfaces, but large cra 
veloped in the sand. J 
all had been coated wit 
in order to show the 
clearly. Most of the sa: 
used in these experimer 
jected to this test. It wa 
in general, the degree « 
the test casting was re! 
amount of cracking de ed 
the shock-heating test. 
Earlier in this paper it 
that veining is most serious jn 
and tin bronzes, while other me 
show much less tendency ¢ 
veins. From some heats of lead 
tin bronzes, castings ar 
which are free from veins, althous 
the chemical composition and » 
ing temperature apparently ar 
same as those of similar heats 
which castings with many veins a: 
produced. This indicates the exis. 
ence of some property characterist 
of each heat which deten 
whether or not veining occurs 
Early in these experiments it 
noted that in most heats the p! 
nomenon of tin sweating occurred 
Sweating is an extreme case of in- 
verse segregation in which thi 
melting point constituent of an alloy 
exudes from the surface of the cast- 
ing late in solidification. Figur 
shows a typical example of tin sweat 
which has exuded from the top 
a riser. The fact was soon estab- 
lished that the serious cases of vein- 
ing are associated with this phenon 
enon because invariably the heat 
that sweated were the ones in whic! 
the bad cases of veining occurred 
Two castings which illustrate this 
fact are shown in Figs. 9 and |' 
In both cases the chemical compo- 


Fig. 7—Test cores afte r being sud- 
jected to a shock heat test of 2000 I 











Table 1 
oF VEIN, EXUDED 
as Bopy OF CASTING 





¢ om position, 
per cent 


Cu Sn P 
84.2 14.3 1.5 
79.0 17.3 2.0 
89.8 10.3 0.6 


heats, pouring tem- 

type of molding sand 

e. The tin sweat in the 

stil vn in Fig. 9 was pro- 

hile in the casting shown 

it was completely ab- 

[It will be noted that veining 

sting which sweated is 

; worse than in the one in 
hich sweating did not occur. 


~ 


Veining and Sweating 
In ord 


ng with sweating, a sample of ma- 


terial which was exuded from the 
top of a riser and actual veins which 


r to further associate vein- 


re chipped from castings were an- 
alyzed. The results, given in Table 

show that both the veins and the 
xuded material are high in tin and 
hosphorus and, therefore, are low- 

lting-point constituents, 

As a final experiment to prove 
that sweating is responsible for vein- 
identical 





ng, two castings were 
oured from the same heat. One 
vas shaken from the mold 4 min. 
after pouring, and the other was al- 
owed to cool in the mold. The 
casting which was removed from 
the mold while hot had solidified 
sufficiently to retain its shape, but 
no veins had formed. However, 







shortly thereafter, sweating began to 



















g lop of riser shows low-melt- 








which has exuded 


(tin sweat). 


g fituent 












Fig. 10 


Phosphor bronze casting 








Fig. 9—Phosphor bronze casting on which tin sweat was pro- 
nounced; veining associated with this phenomenon. 





on which tin sweat was absent 








take place with liquid metal exuding 
from numerous places on the cast- 
ing. The casting that cooled in the 
mold formed many veins. These 
castings are shown in Figs. 11 and 


12. 


Sweat Beads 

Many beads of sweat are visible 
on the casting shown in Fig. 11, 
which was shaken out while hot. 
The obvious conclusion may be 
drawn that metal also exudes from 
the casting shown in Fig. 12 but, hav- 
ing no other place to go, was forced 
into cracks in the sand and thus 
formed veins. It may be noted that 
the surface of the bottom casting is 
much rougher than that of the top 
casting. Thus it appears that the 
exuded metal also enters interstices 
among the sand grains and causes 
penetration. 

Many theories have been pro- 
posed to explain inverse segrega- 
tion®*'*. Data obtained in these ex- 


periments on phosphor bronze sup- 
port that of Gender’, who states that 
gases which are dissolved in the 
liquid metal come out of solution 
during the later stages of solidifica- 
tion and force the low-melting-point 
constituent toward the surface 
through interdendritic passageways. 

Density determinations were made 
on six test castings from different 
heats, three of which sweated and 
veined whereas the other three did 
not. The chemical composition, 
pouring temperature, and position of 
the samples for density detérmina- 


Table 2 
Density DETERMINATIONS 


Density, grams per c¢ 


Castings Castings 
with tin with no 
sweat tin sweat 
7.974 8.351 
8.165 8.375 
7.975 8.329 
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Fig. 11—Casting shaken out from mold 4 min. after it was poured 
Note globules of sweated metal but absence of veining. 





Fig. 12—Casting from same heat as casting in Fig. 11; cooled 
overnight in the mold before shaking out. Note veining but 
absence of globules of sweated metal. 








tion were the same for each test. 

Results given in Table 2 show 
that the castings which sweated and 
veined are considerably less dense. 
This can be attributed only to en- 
trapped gases; therefore, it appears 
that at least for the extreme case of 
inverse segregation known as sweat- 
ing, Gender’s theory is valid. 

The fact that severe cases of vein- 
ing generally are found on lead and 
tin bronze castings can be readily 
explained by the theory of sweating. 
These alloys have wide freezing 
ranges, which is a condition that 
must exist in order for sweating to 
occur. This condition promotes the 
type of freezing in which coring and 
dendritism are prominent. When 
freezing progresses in this manner, 
numerous interdendritic passages 
form, through which the low-melt- 
ing point constituent can flow to the 
surface. 

Veins on Gray Iron and Steel 


Castings. It is possible that the the- 
ory of sweating also explains the 
veins which frequently are found on 
gray iron castings. This alloy has 
a wide freezing range, and research 
conducted at the Naval Research 
Laboratory indicates that its man- 
ner of freezing is similar to that of 
tin bronzes; i.e., during the initial 
stages of solidification, many den- 
drites form throughout the casting 
with liquid metal filling the inter- 
stices. Although the amount of gas 
dissolved in cast iron may be neg- 
ligible, a phenomenon occurs which 
might have a similar effect in caus- 
ing sweating. This is the formation 
of graphite flakes. It is conceivable 
that the growth of the flakes forces 
liquid metal to the surface in the 
same way that the rejection of dis- 
solved gases causes sweating bronzes. 

Veins occasionally occur on steel 
castings, but they differ from those 
found on bronze castings in both 


appearance and location 


small and seldom occu; re-er 
trant angles. Because of th. na. 
solidification range of ste: é we 
ner of solidification di{ Fn 
that of tin bronzes and « a 


Instead of the formati: 
drites throughout the casting 4, 
solidification of steel begins with ¢h 
formation of a solid skin n 
in contact with the mold and pp , 
resses inward with a relatiy, 
sharp division between the ; lidifie 
layer and the liquid metal. fp, 
these reasons, sweating and inyery, 
segregation do not occur in stee! 
and veins must form by some other 
mechanism. 


Bore Cracks 

Studies of bore cracks, hot tear 
of a specific type, found in cast ste 
fittings and valve bodies"', show tha: 
veins on steel castings frequently ar 
found following the contour of thes 
cracks. Experimental observations 
led to the explanation that hot tear 
form in the solid skin of metal whil 
the interior of the casting is liquid 
The sand adjacent to the casting ad- 
heres to the metal and also tears 
Molten metal from the interior of 
the casting flows through the crack in 
the solid skin and into the adjacent 
crack in the sand to form a vein 
The problem of eliminating veins on 
steel castings, therefore, is secondan 
to the problem of eliminating hot 
tears. If the proper precautions t 
prevent hot tears are observed, ne 
veining occurs. 

Evidence indicating that this the- 
ory of veining is applicable t 
bronzes is lacking. The experiment 
in which a test casting was shaken 
out 4 min. after being poured pre- 
cludes this possibility. One of th 
necessary conditions for the forma- 
tion of hot tears in steel castings 1 
friction between the sand and the 
casting. There were no exudations 
from the surface of this casting until 
it had been out of the mold for 4 
minute and, therefore, the casting 
was free of any frictional stresses 
imposed by the sand. 

It is, therefore, reasonable to con- 
clude that the cause of exudations 
was not hot tearing. The exuda- 
tions, which took place in ‘ius ¢* 
periment, occurred at numerous 
scattered points, and it is not likely 
that they were connected by «racks 
Microscopic and macroscop! ©x@m™- 
inations revealed no cracks in ‘he vr 
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nit n the bronze castings. 
p § Veining by Proper 
~ evidence indicating 
. mation of veins on 
rs is one of the effects 
nd that this is caused 
makes it apparent that 
ce is an important fac- 
sidered. If gases can 
from the melt, veins sel- 


ned. 


Bronze Research 


+ 


Melt ractice and gas porosity 
nzes have been the sub- 
uch research**®?°, Al- 


thoug! re was no systematic in- 

vestigat of them made during 

( riments, the results ob- 

tained est a few of the principles 

that should be followed to obtain 
1 castings: 


Heats of virgin metals should 
melted, allowed to solidify, and 
then remelted before being cast. In 
general, heats made from pig or 
scrap are less gassy than those melt- 
ed from virgin metals. 

2. The use of clean, high grade 
raw mate rials is desirable. 

}. An oxidizing atmosphere is best 
for melting 

}. If deoxidation is necessary, the 
ninimum amount of deoxidizer 
should be used and it should be add- 
d just before pouring. 

The temperature of the melt 
should be kept as low as is practical. 
[he maximum temperature reached 
rather than the pouring temperature 

most critical. Gas solubility in- 
reases with temperature, therefore 
the highest temperature attained 
determines the amount of gas dis- 
solved. As the temperature falls, 
dissolved gases do not come out of 
solution until sufficient time elapses 
tor equilibrium to be established. 
Most of the gas dissolved during 
melting is retained in the metal un- 
til solidification is in progress. 

Influence of the Sand Mixture on 
l'eming. Although it has been 
shown that sweating is responsible 
lor the serious cases of veining, it is 
also true that the mold or core must 
crack before veins can form; there- 
lore, the condition of the sand is an 
important factor in veining. Numer- 
ous sand mixtures were tested with 
experimental castings. It should be 
remembered that the test was one 
of the most severe possible. 

lhe metal used has a greater tend- 
fncy than any other to form veins; 











Fig. 13 Eff ct of diff rent amount of core rammin 





Fig. 14—Veining can be decreased by use of fine sand. 





Fig. 15—Test casting shows effect of sand grain distribution 
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SAND IN REGULAR USE- MEDIAN SIZE-187 MICRONS 
MEDIAN SIZE —- 145 MICRONS 

MEDIAN SIZE - 109 MICRONS 

FINE SANDS WITH WIDE GRAIN DISTRIBUTION 


SAME MEDIAN SIZE AS SAND IN REGULAR USE, 
BUT WIDE GRAIN DISTRIBUTION. 
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IN MICRONS 


Fig. 16—Cumulative curves of sands used for castings shown in Figs. 14 and 15. 


no attempt was made to employ the 
best melting procedure, and _ the 
shape of the test casting is one with 
which veins may be formed easily. 
Any conditions which are effective 
for preventing the formation of 
veins should be even more effective 
under less severe conditions. Most 
of the test cores were painted with 
silica wash in order to eliminate 
penetration so that the veining could 
be clearly seen. The pouring tem- 
perature in all tests was 2000° F. 

Ramming. The effect of different 
amounts of ramming is negligible. 
This is illustrated in Fig. 13, which 
shows a casting in which three cores 
of molding sand were rammed dif- 
ferently. Cores No. 4 and 5 (as 
marked on the casting) were 
rammed ten times and one time, re- 
spectively, while No. 6 was made by 
ramming % of its length nine 
times, then adding the remainder of 
the sand and ramming once again 
in order to form an_ unevenly 
rammed specimen. 

Grain Fineness and Distribution. 
Veining can be decreased by the 
use of fine sand. This is shown in 
Fig. 14. The three cores used in 
this casting were molding sands with 
median sizes of 187, 145, and 109 
microns, respectively, from left to 
right. These sizes are approximately 
equivalent to A.F.A. grain fineness 
numbers 80, 108, and 135. 

Core No. 10 in Fig. 15 was a fine 
synthetic molding sand with a wide 
grain distribution; No. 11 was the 
regular molding sand which has a 
well assorted grain distribution; and 
No. 12 has the same median size 





but a wide grain distribution. The 
wide distribution gives slightly bet- 
ter results. Cumulative curves for 
these sands are shown in Fig. 16. 

Facing Materials. Numerous fac- 
ing materials and binders were 
tested. No correlation was found 
between any of the ordinary physi- 
cal properties of molding sands and 
the degree of veining. However, one 
property which has a great influence 
on veining was discovered. This is 
the property of plasticity at elevated 
temperatures. Certain materials, 
when added to the sand mix, render 
a rammed body of the sand capable 
of being deformed at high tempera- 
tures without breaking. This enables 
the thermal stresses in the sand to 
relax by plastic deformation rather 
than by cracking, and hence pre- 
vents veining. 


Wood Flour 


The best material which has been 
found for imparting plasficity at el- 
evated temperatures is wood flour, 
but it is useful only when employed 
in conjunction with a clay such as 
bentonite. It can not be used with 
success in core sands. Apparently, 
there is a fluxing reaction between 
the wood and the clay which pro- 
duces plasticity. Wood flour increases 
collapsibility and ease of shake-out, 
but it creates gas and lowers dry 
strength. 

Other materials which produce 
this property in sand are ordinary 
fluxes such as borax or sodium car- 
bonate. However, these materials 
flux directly with the sand and pro- 
duce a hard glass which makes 


shake-out and cleanin ff 
They also increase penet % 

In Fig. 17, the left-hand .¢ 
ter cores consisting of reg), ' old 
ing sand with additions o! 


wood flour and borax, res)ectiye) 
are compared with one mace of reo 
ular molding sand with no ditions 
Some penetration can be seen wher 
the core mixture containing bora, 


was used, but veining was stopped 

Pped 
completely by both wood flour ang 
borax. 


Hot Compression 


The property of plasticity can bes 
be investigated by means of a ho 
compression test. This consists 9 
compressing a dilatometer specimen 
after soaking at temperature for |? 
min. Ordinarily the specimen fp. 
mains relatively rigid until a certain 
load is reached, and then it collapses 
into two or more pieces. However 
mixtures containing wood flour, bo- 
rax, sodium carbonate or other 
fluxing materials begin to flow plas. 
tically when a small load of a few 
psi. is applied. Thereafter, the load 
remains constant while the specimen 
is compressed to a shape with 
shorter length and increased diame- 
ter. 

The load required to produce 
plastic flow and the extent to which 
the specimens can be compressed 
without cracking or breaking de- 
pends on the type of flux, soaking 
time, and temperature. If speci- 
mens made from mixtures contain- 
ing 5 per cent borax or wood flour 
are heated to 2000°F. or above for 
12 min., they can be compressed to 
less than three-quarters of their origi- 
nal lengths without cracking. 


Other organic materials such as 
activated charcoal and sea coal were 
tested. Their influence on the sand 
mixture is similar to that of wood 
flour in that they make it possible 
for the dilatometer specimen to be 
compressed without complete fail- 
ure, but they do not maintain 
smooth, uncracked surfaces. These 
materials were not as effective m 
preventing veining as those previ 
ously mentioned. The fact that sea 
coal imparts plasticity to the sand 
at elevated temperatures may be 4 


clue to its usefulness in iron mold- 
ing sands. 

Washes With Low Fusion | oints 
Experience in casting ste has 


shown that a thin layer of th mold 
directly in contact with the neta! 
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ind, upon cooling, 
When properly con- 
laze may be easily 
casting and is in- 
producing a smooth 
condition is not 
n-ferrous castings be- 
de difference between 
temperature of the 





fusion point of the 


PAs e means of preventing 
of veins, such glazes 
ed with bronze castings 
es aie 7 of low-fusion-point 
vashes se washes were made in 
bree ways; frits of ceramic mater- 
er S ials, cor ed in such a way to have 
int 1800°F., were em- 
re- : ved the base material in a 
vash: silica flour wash was adulter- 
ted with fluxes such as sodium car- 
nate, borax, and potassium ni- 
rate in order to lower its fusion 
point; and plain water solutions of 
S <uch fluxes were applied to the sur- 
of the mold. 


Eliminating Veining 
Ceramic frits were only slightly 
eneficial. Adulterated silica washes 
lid not stop veining entirely, but 
ere superior to the washes which 
: ntained ceramic frits. Only the 
thod of applying water solutions 
f fluxes to the mold was completely 
fective in eliminating veining. 
[he reason for the superiority of 
this type of wash over the adulterat- 
silica wash is its ability to pene- 
ite further into the mold. If the 
ter to silica ratio of the adulter- 
| silica wash is increased it is 
re effective for preventing veins 
it penetrates more deeply into 
sand 

In Fig. 18, the left and center 

res were molding sand, painted 
vith a 12 per cent water solution of 
sodium carbonate. The center cores 

re of molding sand, painted with 

'2 per cent water solution of so- 

carbonate. The center core 
in addition, a coating of silica 
| applied after the sodium car- 
donate solution was dried. On the 
night is the same sand covered only 
with silica wash. 

No veins were formed in the core 
washed with a plain sodium carbon- 
te solution. On the core which 
was coated with silica was in addi- 

to a solution of sodium carbon- 
smoother surface was pro- 


nad 


is! 















within a few seconds 












Fig. 17—Effect of sands with wood flour and borax additions 
compared with regular molding sand 





Fig. 18-:-A comparison of washes of a solution of sodium car- 
| "De ope 
bonate, silica flour over sodium carbonate, and regular silica flour 





Fig. 19—Casting shows the effect of using molding sands contain- 
ing 1 per cent, 3 per cent, and 10 per cent bentonite with no 
cereal binders. 
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Five. 20—Castine shows the effect of core sands with increasing 
amounts of core oil and corn flour. 





Fig. 21—Photo shows effect of cores containing a resin binder as 
compared with cores made with regular core sand. 








Fig. 22—A comparison of cores of the same composition mixed 
by different methods. 














duced but a small vein 
The core at the right sh 
mal condition of veini 
sand. 

All of the low-fusion-p 
formed glazed coatings 
ing; but, rather then 
easily as with steel cas 
adhered tightly to the « 
were difficult to remove 

Clay Content of Mold Sas 
Veining occurs more readi 
bonded with both cereal and 
binders than it does in sands bond 
with clay alone. For this reasor 
because of the fineness, wide o 
distribution, and low fusing poin; 
natural sands, the occuren 
veins in such sand is rare 


Bentonite Addition 


Fig. 19 shows a casting in whic 
regular 180-micron base sand 
bonded only with water plus o 
per cent, 3 per cent and 10 
cent bentonite, respectively, fro: 
left to right. The veining is de. 
creased as the bentonite is increased 

Core Sands. The information ob. 
tained on core sands used in t! 
experiments shows that a minimu 
of veining occurs when the mon 
collapsible cores are used. It is be- 
lieved that veining will not occur 
cores which collapse before sweating 
begins because cracks in such cor 
are filled with loose sand. Eviden 
to support this theory is shown 
Figs. 20, 21, and 22. In Fig. 20, 
photograph of a casting is shown 
which all cores were bonded with 
core oil and corn flour: No. | con- 
tained 0.5 per cent of each, No. 2 
was the regular core sand with |! 
per cent of each, and No. 3 had 2. 
per cent of each binder. Core \ 
1 apparently had collapsed belo 
sweating commenced, while th 
other two had not. Two cores bond- 
ed with a collapsible resin binder 
are compared with one containing 
the regular binders in Fig. 2!. Cor 
No. 7 contained 1.0 per cent resin 
core No. 8, 1.0 per cent resin plus 
0.5 per cent dextrine; and core No 
9 was composed of regula! cor 
sand. It is well known that quick 
collapsibility is a characteristic of 4! 
cores bonded with resin binders 
This property probably is responsibl 
for the appreciable reduc in 
veining which results from the &™ 
ployment of resinous core bincers. — 

A final illustration of the e ‘ect . 
collapsibility is shown in Fig. *-. A" 


y 
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in this casting con- 
redients of regular 
they were mixed dif- 
1e on the left 
ram batches by hand 
the center by means 
nd pestle, while the 
from a 





was 


was made 
1e production mull- 
poorly mulled cores 
. iminated, probably be- 


re loosely bonded and 


ifter pouring. 


Conclusions 
S s of veining in bronzes 
cracking of the mold 
™ due t mal stresses and subse- 
4 ient ting of the metal. The 
of either of the two 


ifficient to stop or greatly 


occurrence of veining. 


Sweatil caused by gas evolutior 
t] lidifying metal and may 
ited by proper melting 


[he best methods found 


r reducing cracking of the mold 


the following: 
[he use of the fine sand with a 
le grain-size distribution. 
[he addition of wood flour to 
ding sands. 
Washing of 
th a water solution of a flux such 


molds and cores 
sodium carbonate. 

The use of as little organic 
ler as is practical. 

The use of as collapsible cores 

pe ssible 
Veins on 
eved to form in a manner sim- 
r to that of 


gray iron castings are 


vein formation on 
bronze castings except that the in- 
ternal pressure is produced by the 
growth of graphite flakes instead of 
gases evolved from the metal. 


Veining defects on steel castings 
less prevalent than on bronze 
stings. They occur as a result of 
t tears which are caused by stress 
nditions within the mold. Elim- 

= ination of veining under these con- 
itions is primarily a problem of 

the of hot 


reventing 


formation 
tears 

Prevention of penetration can be 
wccomplished simply by applying a 
silica flour mold wash to those areas 







wi the penetration usually oc- 
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Technology 


DISCUSSION 


Chairman: B. H. Boorn, 
Bros., Inc., Milwaukee, Wis 

Co-Chairman: R. E. Morey, Naval 
Research Laboratory, Washington, D. C 

H. W. Drerert': I would like to know 
whether the wood flour contained iron 
oxide. Also, I was interested in the photo- 
graphs. What type of camera did you 
use to make those photographs? 

Mr. Morey: 
I know, did not contain any 
Two used. One 
Speedgraphic and the other a 
camera. Some specimens were lighted on 
both sides. taken with the 
view camera. Others photographed with 
the Speedgraphic were illuminated with 
just one flash bulb. 

CHAIRMAN BootH: Which 
produced the best results? 


Carpenter 


The wood flour, as far as 
iron oxide 
cameras 


were was a 


view 


These were 


lighting 


Mr. Morey: I believe we got as good 
results with the view camera and the 
two lights, although that gives you a 
peculiar effect. It is hard to illuminate 
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holes to geet the de 


up well 


the interior of the 


fects to show 


r. A. Targurtnio*: Was the test cast 


ng shown in Fig. 1 used for all tests? 

Mr. Morey: Yes 

Mr. Targuinio: How was the casting 
made? 

Mr. Morey The 2x2-in. core speci 
mens were inserted in the core print, 
with paste to hold them in. The subse- 
quent pictures were direct view photo- 
graphs 

Mr. Targuinio: Would the center 


core be subject to different heat stresses 


than the two on the outside? 


Mr. Morey: It might have a minor 


effect. However, the metal thickness over 
ill the test specimens ~ as at least an 
inch, so I think they haa sufficient heat 
on all of them and that position would 
have a minor effect. It is possible that 
there would be slightly more heat on the 
center specimen 

© J MYERS Was the temperature 
control the same for all tests? 

Mr. Katrtus: Yes, the pouring tem- 
perature was controlled with an optical 
pyrometer at 2000°F 

There is one thing I would like to add 
Mr. Morey did not mention how we 


came to the conclusion that gas was re- 
for the sweating. We ran den- 


The 


pouring temperatures, the chemical com- 


sponsible 
sity determinations on six castings 
positions, and the position of specimens 
for the density specimens were the same 
of the cast- 
ings had veining and sweating and three 


for each one: however, three 


did not. The castings which sweated and 


veined, had lower densities than those 
which did not sweat and vein. There- 
fore, we concluded that there was gas 
in the castings that sweated and veined 

Memeer: In regard to silica wash for 
steel castings, what specific gravity do 
you recommend? 

Mr. Morey: We very seldom use any 


specific gravity determinations for mold 
washes. We mix it to the consistency 
that seems to be most satisfactory, and 


need 


formula 


more, make it up to the 
The steel cast- 


parts of total solid mate- 


as we 
same wash for 
ings, has five 
rials to three 

MEMBER: 


pansion characteristics of any of the test 


parts of water 
Were tests made on the ex- 


samples? 

Mr. Kattus: Yes, we performed a lot 
tests but find no 
between and the 


of expansion could 


correlation expansion 
veining. 

Mr. DreTert: 
tests made? 

Mr Kattus: We 
strength tests, but could find no correla- 
tion, except for the plasticity. The vein- 
ing did not seem to depend much on hot 
strength sands 
that were plastic at the pouring tem- 
perature; in other words, 
compress without breaking. These stopped 
the veining. We concluded that the rea- 
son for this is because the stresses in the 
sand are released by plastic flow, rather 
than by cracking of the mold wall 

MemsBer: I understood Mr. Morey to 


Were any hot strength 


made many hot 
produced 


However, we 


sands which 


say that as you increase cereal binder 
content you increase the veining. That is 
a vegetable binder. So is wood flour 
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When wood flour is used, veining de- 
creases. How do you account for the dif- 
ferent effects of two types of vegetable 
binders? 

Mr. Katrtrus 
in any way theoretically, but we found 
that the cereal corn flour binders made 


I cannot account for it 


the sand specimens more rigid, while 
large amounts of wood flour made them 
plastic. We tried commercial wood flour 
and went into the pattern shop and 
picked a handful of sawdust off the floor. 
Both produced the same effect 

MemsBer: You would be guided by 
the fluxing action of the ash. 

Mr. Kattrus: The wood flour does no 
good if it is used in a sand without clay. 
There seems to be some fluxing action 
between the clay and the wood flour. 
If you use it with core binders, oil or 
cereal binders, it will not work unless 
you use a clay with it 

CHAIRMAN Bootu: How much wood 
flour did you use? 

Mr. Kartus: About five per cent. 

J. A. Rassenross‘*: What was the 
percentage of clay and the green strength 
for the mixture that had 5 per cent wood 





PREVENTING VEINING AND PENETRATION 


flour? Is the percentage by weight o1 
volume 

Mr. Kattus: The mixture contained 
5 per cent wood flour and 3 per cent 
clay by weight. The green strength was 
around 4 or 5 psi 

Mr. Rassenross: What was the mois- 
ture content? 

Mr. Kattus: With wood flour, 5 per 
cent. We performed tests with both green 
and dry sands, and found no difference 
in the penetration and veining 

MeMBER: Would wood flour make any 
difference in flowability in your molding 
sand? You say that the particular sand 
you chose had low flowability. Would 
that make any difference in ramming up? 

Mr. Katrus: No, it made no differ- 
ence, but it does reduce the dry strength 
of the sand. It does not have much 1in- 
fluence on flowability. 

D. C. WiiviaMs’*: On gray iron cast- 
ings we took the chemical analysis of the 
body of the casting and the chemical 
analysis of the vein which we found. The 
body had about 4 per cent carbon and 
the vein had | per cent carbon. The 


silicon increased from abhx 
cent. Both increments oc: 
had corn flour in the mixt 
not eliminated them yet 

I do know that corn flo 
vein in gray iron. I think 
forms about 10 min. after 
poured, rather than imn 
pouring. 

3. L Sst: 


that fins in steel castings 


I believe ti 


by hot tears. Have you any 
port that, or is that just th: 
Mr KATTUs: There 1s 
Bishop, Taylor and Johns 
Naval Research Laboratory, t} 
that. They actually have dat 
graphs to show it. There |} 
previous work by some Ger 
gators that shows the same thi 
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ADDITIONAL TESTS to indicate 
serviceability of irons of different 
types has been a long expressed need 
f the foundry industry. For example, 
n 1933 it was recognized by the 
\STM that an impact specification 
might be effective when _ tensile, 
hardness and other existing tests 
vere inconclusive in distinguishing 
analyses, but no 
mpletely satisfactory solution was 
reached. 

In this paper a different measure- 
ent to indicate relative service- 
bility of cast irons under severe con- 


ymong various 





> Although popularly con- 
sidered brittle mate- 
rials, white, mottled and 
gray irons can be manufac- 
tured with definite elas- 
ticity and ductility as well 
as reproducible tensile 
strength and other proper- 
ties. As the matrix struc- 
ture is changed from pearl- 
| itic to austenitic, the plas- 
tic elongation changes from 
0.0000 to 0.0500 per cent in 
white and mottled irons 
and from 0.05 to 3.0 in gray 
iron. Ferritic-pearlitic gray 
irons exhibit up to 1.0 per 
cent elongation. Modulus 
of elasticity varies from 
26.0 to 10.4x10° psi. de- 
Pending upon structure. 


ee 


























ditions is discussed: the determina- 
tion of the plastic and elastic de- 
formation accompanying stress, that 
is, the complete stress-strain diagram. 

Preliminary service tests show that 
in many instances a given amount of 
elongation rather than merely a defi- 
nite tensile strength is required. 
Furthermore, the type of elongation 
(whether plastic or elastic) can ef- 
fect service life pronouncedly. 

It is the purpose of this paper to 
point out these differences in strain 
behavior among irons and to indi- 
cate in a general manner the appli- 
cations of this characteristic. 

Since strain is a fundamental me- 
chanical property it is dependent 
upon structure just as are tensile 
strength and hardness**. The fol- 
lowing structures have therefore 
been surveyed to determine some of 
the variations: 


White Irons 
Iron Carbide 
pearlite 
b. martensite + austenite 
c. austenite + martensite 
d. austenite (?) 


Carbon mostly as: 
Matrix: a. 


Gray Irons 
Flake Graphite 
pearlite 
b. pearlite and ferrite 
c. martensite (tempered ) 
d 


Carbon mostly as: 
Matrix: - a. 


. acicular ferrite 
. austenite 


Part Il. Definition of Terms 


Because of the special application 
of certain testing terms in the case 
of cast iron, definitions are given 
here for reference before reviewing 
the literature. The complete stress- 


Presented at a Gray Iron Symposium 
Session, Fiftieth Annual Meeting, Amer- 
ican Foundrymen’s Association, at Cleve- 
land, May 8, 1946. 





strain curve, Fig. 1, has been only 
occasionally determined for cast iron 
because of the instrumental difficulty 
in obtaining strain at the breaking 
load. Recent development of the 
SR-4 Gage by Ruge, DeForest and 
others® has permitted accurate de- 
termination of elongation to the 
breaking load and in some instances 
after fracture. Autographic devices 
of somewhat lower precision are also 
available. 

The following terms used in de- 
scribing the mechanical characteris- 
tics of the various structures are 
shown graphically in Fig. 1, the 
stress-strain curve of a soft gray iron. 

A. Tensile Strength (T.S.) (pounds 
per square inch). This may also be 
termed the ultimate strength. The 
value is slightly lower than the true 
tensile strength since the original 
diameter, rather than that at rup- 
ture, is used in the standard cal- 
culation. 

B. Elongation (e€yo:) (inches per 
inch or per cent is the change in 
length (strain) caused by stress. At 
higher stresses both plastic and elas- 
tic elongation occur. 

1. Plastic Elongation (e,,) (inches 
per inch or per cent), Ductility. The 
commonest quantitative measure of 
ductility is plastic strain, also called 
permanent set. The terms will there- 
fore be used synonymously in this 
discussion to describe the deforma- 
tion that is not removed by unload- 
ing the specimen. 

2. Elastic Elongation (e,.,) (inches 
per inch or per cent) is the portion 
of the total strain which disappears 
if stress is removed. 

C. (Tangent) Modulus of Elastic- 
ity (Eran) psi. is the ratio of stress 
to strain at the (lower) stress values 
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Chemical Analysis; TC, 3.48; CC, 0.84; 
GC, 2.64; Mu, 0.54; P, 0.27; S, 0.10; Si, 
0.77 per cent. 

T.S.: Tensile Strength, 41,100 psi. 

@:or: Total Elongation, 0.722 per cent. 

@yi1: Plastic Elongation, 0.318 per cent. 

e.1: Elastic Elongation, 0.404 per cent. 


Evan: Modulus of Elasticity, 19.5x10° psi. 

Y.S.: Yield Strength, 0.1 per cent offset, 
30,600 psi. 

J.A.E.L.: Johnson's Apparent Elastic 
Limit: 18,000 psi. 

Exec: Secant Modulus: 16.8x10° psi. 

Ht: Poisson's Ratio: Lateral elastic 
strain/longitudinal elastic strain = 0.23. 


Fig. 1—Tensile stress-strain curve of soft gray iron (AP2, Table 2) showing 
mechanical constants. White circles show longitudinal strain (tension). 
Black circles show accompanying compressive strain across specimen. 


through which a straight line may 
be drawn. As with many other ma- 
terials, e.g., brass, aluminum, the 
modulus changes with increasing 
stress. In other words, the curvature 
of the graph is partly due to a 
change in the stress to elastic strain 
ratio and partly to plastic strain. To 
average the modulus over a portion 
of the curve, the secant modulus 
(Exec) is sometimes used. This mod- 
ulus line may be drawn from the 
origin to a given percentage of the 
tensile strength or to “Johnson’s 
Apparent Elastic Limit.” 

D. Yield Strength (Y.S.) psi. is 
the stress value intersected by a line 
parallel to the tangent modulus 
through 0.1 per cent or 0.2 per cent 
elongation and zero load. In steel 
this would indicate the stress with 
0.1 per cent permanent deformation, 
but for irons less than 0.1 per cent 
set will have taken place at this 
point because of the changing 
modulus referred to in C. In some 
white irons with very low plastic 
elongation yield strength is not de- 
terminable. 

E. Johnson’s Apparent Elastic 
Limit (J.A.E.L.) psi. is the stress 
at which the strain rate is 50 per 
cent greater than at the beginning 
of the curve. It is determined by 
drawing a line through the origin 


with 50 per cent greater slope than 
the modulus. A line parallel to this 
but tangent to the stress strain curve 
locates the desired point. This value 
is more reproducible than the elastic 
limit or proportional limit. 


F. Poisson’s Ratio () Ratio inches 
per inch. As a specimen elongates in 
the direction of tensile stress, com- 
pressive strain occurs across the 
specimen as shown by the reduction 
of cross section. The ratio of elastic 
compressive strain across the bar to 
longitudinal tensile strain is of im- 
portance in many calculations in- 
volving residual stresses and is in- 
cluded for reference. 

G. Relative Effects of Elastic and 
Plastic Strain. The effects of elastic 
and plastic deformation upon cast- 
ing performance may be mentioned 
here as a corollary to the definitions 
just discussed. 

If (Fig. 1) the specimen is stressed 
the first time to just below the tensile 
strength’ 41,000 psi. for example, 
approximately 0.7 per cent total 
elongation is obtained. Of this 0.3 
per cent is plastic and 0.4 per cent 
elastic elongation. If the load is re- 
moved the elastic strain disappears 
and the plastic strain, or permanent 
set, remains. 

If the specimen is again stressed 
to 41,000 psi. only 0.4 per cent 
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elongation (elastic) will | 
during loading in contras the 07 


per cent observed durin e firs 
test. This difference jis eens 
when the relative uses of icture 
with high elastic or high plac: 
elongation, as in Fig. 12, © hele 
compared. b. 

The more elastic materials ap, 
capable of withstanding hicher ,,. 
peated deflection of a given amoyp: 
without fracture. On the other hand 
it must not be assumed that plasti 


elongation is of significance only dyy. 
ing the first cycle of use. For exam. 
ple when a casting is externally 
heated the inner layers may be de. 
formed plastically in tension 

During the cooling cycle, then, a: 
the outside tends to restore the orig. 
inal dimensions the interior build 
up compressive strain. Upon reheat. 
ing in the next cycle, no tensile strain 
is encountered until this compressive 
strain is removed. The plastic defor- 
mation of the first cycle has therefore 
permitted the casting to adapt itself 
to greater elastic strain than indi- 
cated by the tensile elastic strain por. 
tion of the stress strain curve. 


Literature Review 

Thum, MacKenzie, Massari, Dral- 
fin and others* * * © * ® have report- 
ed the plastic and elastic deforma- 
tion of various irons for transverse, 
tensile and compressive tests. Most 
of the determinations have been up 
to 80 per cent of the breaking load 
The maximum set in tension report- 
ed by MacKenzie from Thum’s arti- 
cle was 0.05 per cent while Massari 
indicated values of 0.9 per cent 
elongation at 20,000 psi. tension and 
0.6 per cent at 50,000 psi. compres- 
sion for other analyses. 

Thum and Massari both indicated 
a correlation of set with combined 
carbon. It was further developed by 
Thum that graphite flakes acted to 
reduce modulus of elasticity by 
diminishing the section of matrix 
under test. Ziegler and Northrup’ 
also measured deformation as part 
of an investigation on superheating 
and found no correlation with pour- 
ing temperature or carbon content 
They believed that variable struc- 
tural effects, not discussed. were 
operative. 

Since the completion of tie ma 
jority of the above researc’, new 


engineering irons with grea‘ y i 
proved tensile strength, and pe 
an 


to abrasion, growth, corros 
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have been developed. 
:racteristics of these 
were only partially 
tandard tensile, trans- 
dness tests; an attempt 
ater knowledge of the ™ 2 
roperties based upon 30000 4 

‘lationships was there- 


tress 





erimental Procedure 

ion of Specimens. Test 

necil vere obtained from a Fy 

: irces, since a large share 

was performed to corre- 

° me ical properties with serv- y, 
ance. A number of the f 





~ 





DI4 Tensile 


2 Arb Bar Heat 45-285-3 













were obtained from com- 
roduced castings (cupola 
as from induction 
The 
{ preparation of each sample 
Tables 1 and 2. 

Tests. 
in. in diameter, 
ll cases with a 2-in. gage 

instances 


melted ; well 
erimental test bars. Fig.2 (A 
specimen (open circles). 
B. Tensile Tensile speci- 
werc 
except for some 
»-in. gage length with long 
fillets was employed. Since strain 
was measured over the central inch 
f the specimen no difference was 
ncountered. Type A-3, SR-4 resist- 


nce strain gages® were cemented to 





both sides of the specimen and meas- 

ired in series. ea mea | 
Tests were made with a hydraulic 

testing machine, 60,000-Ib. capacity, Le 

it a crosshead speed of 0.02-0.05 in. 


- 10%" 


4 


CcCLUN 


analysis; TC, 3.66; Mn, 0.94; P, 0.10; S, 
1.06 per cent. 


5 6 7 8 BS 


GATION 


Tensile stress-strain curves of 0.505 in. diameter tensile specimens 
for 1.2 in. diameter arbitration bar (solid circles) and properly risered D-14 
High carbon nickel-molybdenum 


Chemical 
1.52 Mo, 


iron. 


0.06; Si, 1.82; Ni, 





tee ? ] 











per min. ‘The precision of strain 
measurement was better than 0.0003 
per cent up to 0.2 per cent and better 


than 0.001 per cent to beyond | per 
ent. Huggenberger extensometers 
were used simultaneously during 


some of the tests and agreed with the 
SR-4 gage readings within the limit 

f error of the extensometer. 

Small amounts of shrinkage were 
ncountered in most specimens from 
standard ASTM arbitration bars. 
Chis shrinkage was not observable in 
the tensile fracture under low mag- 
nification, but was easily seen with- 
ut magnification in microspecimens 


vs. 0.83 per cent) by elimination of 
shrinkage. The iron, furthermore, is 
not considered a high shrinkage ma- 
terial. 

Irregularity of results from the 
high strength nickel - molybdenum 
iron and the austenitic iron analyses 
are also caused by this variable. 
Curves obtained from these bars con- 


ut at right angles to the fracture. 
The seemingly slight defect causes taining shrinkage are included since 
marked reduction of both tensile they are from standard specimens 
strength and strain. and indicate the general form of the 
In Fig. 2-A the stress strain curves first part of the curve for perfect 
specimens cut from a 1.2 samples (Fig. 2-A). 
diameter arbitration bar and from C. Chemical Analyses. All analyses 


were made from ¥-1/16 in. cubes 
rather than upon drillings to prevent 
loss of graphitic carbon. Combined 
carbon was determined by the differ- 


uately headed tensile speci- 
nen similar section (Fig. 2-B) 
it total elongation is in- 
rease: 100 per cent (0.42 per cent 





Fig. 2 (B)—Sketch of casting D-14 for 

A 1 1/16 in. diameter x 1034 in. long test bar is provided from which the 

tensile specimen is machined with the gage length located in the sound metal 
directly under the head. 





obtaining single cast tensile bar. 


ence between the total and graphitic 
carbon analyses. 

D. Microhardness. These deter- 
made with a Tukon 
microhardness tester under a 25- 
gram load and a Vickers 136° pyra- 
midal diamond indenter. A sliding 
stage was used which allowed loca- 
tion. under the microscope of the 
desired area for testing. 

E. Concentrated Compression 
(Mushroom) Tests. Behavior under 
heavy concentrated compressive 
loading was investigated by using 
conical specimens, as illustrated in 
Fig. 3. The small fiat area (0.060- 
in. diameter) at the end of the 
reduced section is pushed against a 
large surface ground martensit‘ 


nations were 
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white iron block in the same testing 
machine as used in the tensile tests. 
The test affords an opportunity to 
observe marked plastic deformation 
and the details of structural damage 
in compression and shear. 

F. Creep Tests. Creep tests were 
conducted as described by Fellows, 
Cook and Avery’® and are included 
to illustrate the high temperature 
ductility of gray iron. 

G. Impact Tests. Unnotched 
impact specimens, 4 X 0.707 X 0.707 
in., were broken transversely as 
Charpy specimens, in a pendulum 
type impact testing machine. Effec- 
tive span of the specimen was 3.25 
in. Data are also given for Izod 
tests upon 1.2 in. arbitration bars, 
unnotched, struck 3 in. above sup- 


ports. 


Part IV. Discussion of Results 
The stress-strain curves and other 
results will be discussed in the fol- 
lowing order progressing from the 
white irons of less than 0.0005 per 
cent plastic strain to gray irons of 
over 3.0000 per cent plastic elonga- 
tion. 
A. White and Mottled Irons 
1. Effect of Matrix 
2. Effect of small amounts of 
graphite 
B. Gray Irons 
1. Effect of Matrix 
a. Pearlite 
b. Pearlite-Ferrite 
c. Tempered Martensite 
d. Acicular Structure 
e. Austenite 
C. Miscellaneous Tests of Plastic 
Deformation 
a. Microhardness 
b. Mushroom (concentrated 
stress) Tests 
c. Creep Tests 


IV-A. White lrons— 
Table |, Figs. 4, 5, 6, 7, 8. 

1. Effect of Matrix. In progressing 
from pearlitic white iron Heats 44- 
434, 44-440, to austenitic-martensitic 
irons, Heat 44-441° the plastic defor- 
mation increases from less than 
0.0005 per cent to 0.0083 per cent 
despite the increase in hardness from 
450 to 650 BHN. 

Since the precision of measure- 
ment is closer than 0.0003 per cent, 
this represents a significant change. 
Modulus of elasticity exhibits a slight 
decrease from 25.5-26.5 X 10° to 
24.2-24.8 X 10°. Charpy impact 
strength is improved. 
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Table 1 


MoTTLep [IRONS 


WHITE AND 


IN VARIOUS 


RELATIONSHIPS 


Stress STRAIN 


ent 


lus 


F} 


Tan 


Mo 


Center 


Surface 


-—BHN., As Cast——. 


of Elas- 
ticity, 
Psi.x10* 


Plastic 
Strain, 
per cent 
0.0000 
0.0000 
0.0000 


Strain, 


Elastic 
per cent 


Total 
Strain, 
per cent 


Tensile 
Strain, 
psi 


Casting 


i 


GC Mn S d 


——————Chemical Analysis, per cent—— 


cc 
3.97 


ce 





Structure—— 
Carbon Matrix 
Medium 


1.5% Cr Carbide 


. 
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No 
oe) 
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2 


0.0080 
0.0048 


0.1250 
0.2002 


0.1330 
0.2050 
0.1430 
0.2020 


§ *l-in. Y 51,250 


3.36 0.05 0.74 0.05 0.05 0.66 4.02 2.02) *1l-in. Y 31,500 
3.36 0.05 0.74 0.05 0.05 0.66 4.02 2.02) *3-in. Y 


Tempered 500° F.—8 hr. 


Aust.) 3.41 
15% Mart.§ 


85% 
70% 


4.0% Ni Carbide 
2% Cr 


44-441 er Iron 
44-435 | 


oe 
worm 


600 


652 


3 


24.7 
> 


0.0076 
0.0044 


0.1354 
0.1976 


32,650 


§ *3-in. Y 50,000 


Tempered 500° F.—8 hr. 


Aust.) 3.41 


30% Mart.§ 


Carbide 





on on 
ao -_—c 
N —s 
cf | a) 
Te) Ye) 
So | ~ 
i) ~ 
wo Te) 
N&O ~ 
+ oS 
NN = N 
Nt eke) 
+N O= 
oo ON 
cS soo 
oo oo 


0.1268 
0.2126 
0.3124 
0.2921 


oo a 
~_ ie NO 
on o=- 
coo oo 
oo oo 
oS ne 
oO. NO. 
o= oS 
ow a) 
Pe > 
ac es 
8.5 5.5 
—_—o eo ) 
="s $s 
—_—— ~ 
+ + 
a 
—_ _ 
ce oO 
<= = 
+ + 
eo co 
> on 
o —) 
Ts) ~ 
Sc = 
Oo oOo 
2 Su 
o* o* 
f°] eo 
© |. w©.1 
Cn © te, 
Oo ae 
oe 
Cc ~~ 
oy “9 
& & 
oh OA 
os =e 
oo © ar 
fe oa 
fo2) f=.) 
7 a 
eo o 
at st 
33 33 
<= <s 
EE KE 
mw ww 
—_ CO Co 
. a 
a af 
o's o's 
Sh «OSS 
CS 
aS Re 
O 0 
— he 
ZO 
S\o U0 
BS oc 
mNES 
+-— Se 


Ib 


9 


1 


Total Weight, 


long heavily headed along top 


b 


high 


in 





blow 


meited 


wide, 


High frequency induction furnace melted 


Block: 





50 Ib 


Total Weight, 


long heavily headed along top 


high, 6 in 


2¥e in 


5} in 


in. ¥ 


4 





| 














yJeaI soeUINy WOH INpuUl ynq (7) se suTES, 

suioddns aaoqe “ul ¢ yonszys 4eq UONEIRIGQue “UI 71) “G1/"3) OZ 4240 yoedum poz], payeut wjodny) “]224M “qr-Oc, feeunsedxe jo (gory, “ur 1) Borses aejd wo ynd suauTedg, 
pajooo se “4 002 ©} “4 oOOST Peqouenb 1378 M, ‘SUD SB—}]9W GOeUIN; BOR ONpU! Aouanbesjy YsIpy “1eq jo 

aseyuuyso1NIW peureju0) susmoeds “pues Amp Ut A[feotJaA 3889 JUqQ WOReIGQIe “UI Z[, Ul » [e2}U29 1240 peoy AAvey ysnoiy) Ajye.uozi0Y4 painod *Buo} ur & Ol 4q “BIp “ar #1 “seg $Id: 


o0$ ‘81 , 66Z'0 S19 06212 ‘ 4 uoly WHtusisny | 
‘ ; ; ( rete as 
OOe'BI € 0420 ZOZ@T 002 SZ O'S HOS ITT SFO MoO OOF Sr IN%E IN%O0El 


00¢°0Z j e [299 
00S‘0Z 6'+ [6€'0 269° OSL'IS c0'0 GOO Tel S80 19% ‘ND%E “IN%BIt 


su sNy 
. uOolyT INU ISNny 
002°SI 094% 9££°0 960'¢ np re I ot n nt 
002°SI O0€0'% 962°0 92k 9% IN®B0ZE | 
(apiquen 
00¢'+I 29E'0 ZEEZ ‘ 00 2uIOS ) : wou] onruaisny | 
00S*b1 2 9°'1 OSE'O 086 . 70% "9 %9 ‘INVFt1 | 


000°ZE $280 OOL'tt €0';0 2Ol 281 90°0 O10 +60 IEINIVPY vol] OW-IN O 43!H 


000°¢8 ISl'O OLG°O 1220 SZI'€6 porsdurs y | ‘14 CI~"'d .006 

000‘+8 £60°0 1660 $8S°0 0S2‘t8 Ce repno1y) pasaduia3 aueg £0b 
000°S9 L°LI SZI'O $0 6SS°0 OOS‘IL ; cO'0 200 880 ro} ( -udEsD) Q mor] ‘uol] 90+ 
000°¢9 8810 SSO £b9°0 0G7'8Z ee WIN JepNVDy cOtW 


008°S¢ 040°0 266°0 2960 000°6S Ie[NoIy pur | uoly Aein| édd 


de le A , ‘ Oro 820 SCO ;¢€ sIsUsTIV Wy + . 
c > Cc « : Bol Be 
000'RS 691 FOLIO 9I¥'O OFS'O 000'F9 pasadurs | | , P2722} Wea} | Idd 


220 00081 0° 00682 0 €1'0 O€0 S¢°0 dns | Sen dD 
£6'0 000'81 7 004 62 ‘0 IO 620 L¥O aypIVag wsue07 | ‘Ad .009] wWoayz} oX 
220 O00'6I ¢ 000°T€ ‘IU/'d OL PA9ED! 1X 


20 O0S‘t2 I 008‘Zt “ si aup1e2g § Ig 19y3TH td 
000°%Z 2’ 00L'LE TiO 620 890 asivoc WINIpay | ‘payoos ploy ida 


L8v°0 62¢°0 9160 O0E'0t Oro Lé0 60 PIB 2d “PPW P2[999 POW odd 


009'0€ S’6I 8IE'O FOO ; lit - se ae ate | "A .OO9T Woay) ZdV 
O00'TE 2°02 0082+ Oro 4¢0 +90 aurg] O'V ‘uouy Kear) ldW 


CHAPIN 


z ;€ 110 €10 660 ST ae anydesy | nos teosc) LIBbb br 
b ; iS O10 O10 86'0 3 MEEK) 4 apiqaegy, «=» - 41 70%E 1S%E) 71-6 70-44 


or me yua? ee ase ours, 49410 : N ‘ S d un 2 , Mvp “oqsny uongis2seq ‘ON 


j sad iad sad ‘swdjoup jooimay —— #snjonsig josaueyy a2uasajay 
Ajtai UIDAIS MIDLIC UID 


00¢°9Z L'OI OLO'O ESE'0 E240 009'8 
{ Z 


000'Zr ¢ L90°0 €62°0 09¢°0 00S" 





wnpo H 





NIVULG SSAULS 




















146 





1209 


Left to right: Specimen before testing; 
gray iron test specimen after loading to 
56,000 Ib.; spheroidized mottled iron speci- 
men after loading to 42,000 Ib. 


Dimensions of original specimen: Angle 


Fig. 3 


Concentrated compre 


Tempering of the austenitic-mar- 
tensitic structures at 500° F. for 8 hr. 
increases tensile strength from 35,000 
to 50,000 psi., and decreases ductil- 
ity 30-50 per cent. Pearlitic irons 
are not significantly affected since no 
change in structure occurs. 

Impact strength of the austenitic- 
martensitic structure 
slight improvement with tempering 

an indication that the decreased 
plastic deformability diminishes the 
effect of the increased elastic elonga- 
tion and tensile strength. 


shows only 


988 


sslor 


988 


of truncated cone, 60°; diameter of flat 
at small end, 0.060-0.62 in.; diameter of 
base of cone and cylindrical section, 


1.000 in.; length of cylindrical section 
1.00 in. 
2 (mushroom) test specimens 


2. Effect of Graphite (Mottled 
Iron)—Table I, Heat 44-434. In- 
crease of silicon and nickel and de- 
crease in chromium causes the ex- 
pected partial graphitization of the 
carbide structures, Fig. 8 (in the 
one-in. section, 0.33 per cent graph- 
itic carbon, and in the 3-in. section, 
1.57 per cent average graphitic car- 
bon are obtained (Heat 44-434, 
Table 1) ). 

The effect of graphite in the small 
section in increasing ductility is more 
than counterbalanced by a decrease 


WHITE AND ( 


in austenite from 85 pe: 
per cent (estimated pla 
tion is lowered from 0.005 
per cent). 
However, the greate: 
carbon in the heavy sect 
0.0505 per cent plasti: 
despite the largely marte: 
rix. A decrease in mod 
24.2-25.8 X 10® to 18.7-2 
psi, is also apparent and is 
to the presence of graphit 
Tempering of these  graphj; 
structures at 500° F. shows the 
effects as in the graphite-free spe.j. 
mens: increased tensile strength by 
diminished ductility (by 50 
cent). 


IV-B. Gray lrons—Effect of Matrix 

1. Pearlite—Table 2, Figs. 9. | 
The substitution of graphite for th 
massive carbide of pearlitic iron 
previously discussed (Fig. 9 
creases the plastic deformation (fro: 
0.0000-0.0005 per cent to 0.0500. 
0.5000 per cent), decreases the tan. 
gent modulus (from 25.5-26.5 
psi. to 12.0-19.3 X 10° psi.), and 
may increase tensile strength under 
proper conditions of graphite distri 
bution. Hardness is, of course, re- 
duced. Irons with hypereutectoid 
combined carbon content, Fig. 9, ar 
less ductile (0.1 per cent set) thar 
eutectoid (0.5 per cent set) com- 
positions. 

2. Pearlite-Ferrite—Table 2, Fig 


Fig. 4—Photomicrograph of pearlitic white iron Fig. 5—Photomicrograph of martensitic white iro 
(martensite, austenite, carbide) L 91603 


(L 91303). 


Chemical analysis: TC, 3.40; CC, 3.37; GC, 0.03; Mn, 0.62; P, 


0.05; S, 0.07; Si, 0.68; Ni—; Cr, 1.55 per cent. 


Microhardness readings (left to right): Vickers hardness 248,355 
(pearlite); (855,730) 1080, 1080, 990 (carbide); 295, 268 (pearlite) 


(855) carbide; 320, MnS and carbide. 


Section of I-in. Y block. Heat No. 44-434. Etchant; 3 per cent 


Nital, 8 sec. 500X. BHN. —495. 








Microhardness 


Chemical analysis: TC, 3.41; CC, 3.36; GC, 0.05; Mn, 0.74 
P, 0.05; S, 0.05; Si, 0.66; Ni, 4.02; Cr, 2.02 per cent. 
(Vickers hardness Nos.): austenite-martensite 
595-390; Carbide, 1320-1130. 

Section of I-in. Y block. Heat No. 44-441. Etchant; 3 per cent 


Nital, 8 sec. 500X. BHN.—652. 
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\ d carbon is decreased 
» 0.40 per cent) and », 
amounts of ferrite ap- 50000 . - 
trength declines (from os 
750 psi.) and plastic , 
: increases (from 0.318 to * 44-435 
= — aaaaniy) ” 44-435 3Y 
[Tot in is greater than for rf 
‘th irons, but the elastic aH 7 . 
nl f the strain is less (1.359 a 44-4341Y %” “ 
a as r cent total, 0.404 vs. - 30000 Y/ J P 
979 nt elastic strain, respec- 7) A P 
tively e coarser pearlite in the — / p 
wes ined carbon irons may - 20000 bu— 
so h ontributed to the above 
Tempered Martensitic—Acicu- 
ou Structures- -Table 2, Fig. 12. In 10000t > 
ntrast to the ferritic pearlitic struc- 
tures, 45-005B, tempered martensite, 
Fp-2, shows high strength (60,000 
in the case selected) but less Os oO . 50 ~ ~ 
than 10 per cent of the ductility. 
However, if plastic deformation is to ELONGATION % 
be avoided, higher stresses may be 
tained with the latter iron with- Chemical Analysis, per cent 
ut encountering appreciable set. Reference No. Tc cc 6c Mn Si Ni Cr 
For example, yield strength at 0.1 penny ae 4 +H oe a oo = sy 
er cent offset is 45,000 psi. for the 44-435 |-in. Y 3.39 3.06 0.33 0.66 0.98 443 1 54 
martensitic material vs. 13,000- 44-435 3-in. Y 3.39 1.82 1.57 0.66 0.98 4.43 1.54 
19.000 psi. for pearlitic (Table 2). 
4. Acicular Structure—Figs. 11, Fig. 7—Tensile stress-strain curves for white and mottled irons (tempered, 
2, Table 2. Greater strength and 500° F., 8 hr.) of different matrices (0.505 in. diameter specimen). 
: ductility were obtained in the low 
carbon acicular structures, Fig. 11, 
. than in the high carbon tempered 
[04 Le  « } martensites, despite greater hard- 
{044-4341Y ness (93,125 psi. maximum tensile 
enti - and 0.151 per cent permanent set 
t aaaally » vs. 64,000 psi. and 0.104 per cent 
, 30000} # aaa3siv~ permanent set). The effect of tem- 
;. Vf | 744435.3Y pering upon the plastic properties 
ye te of the acicular structure is not evi- 
a aimee Z p F E dent, probably because of the effect 
Ne of shrinkage in the test bar discussed 
P in Part II. 
f The high carbon, acicular, nickel- 
0000 fer + molybdenum iron (Fig. 12) indi- 
cates that strength and modulus are 
g materially decreased by the increased 
carbon content. 
O5 10 iS 20 25 30 35 5. Austenite. The austenitic gray 
ELONGATION % irons (M-407-414, inclusive) con- 
taining 14-30 per cent nickel with 
—————Chemical Analysis, per cent —_—— 2-3 per cent Cr are the most ductile 
Reference No. T cc 6C Mn Si Ni Cr Matrix tested, possessing permanent elonga- 
— n. Y 3.40 3.37 0.03 0.62 0.68 — 1.55 Pearlite tion of 1-3 per cent. This is parallel 
wae ia y 349 ase aes = = bo oan Pct — characteristics . aumenite b- 
435 jin, Y 9 3.39 3.06 0.33 0.66 0.98 443 1.54! +e white irons previously mentionec 
44.435 3.in, Y 3.39 1.82 1.54 0.66 0.98 4.43 1.54] and in austenitic steels. The varia- 
tion between specimens is attribut- 
Fig Tensile stress-strain curves for white and mottled irons (as cast) of able to pronounced microshrinkage 


different matrices (0.505 in. diameter specimens). 


in the test bars. 











E wiht 


Chemical analysis: TC, 3.39; CC, 3.06; GC, 0.33; Mn, 0.66; P, 
0.05, S, 0.05; Si, 0.98; Ni, 4.43; Cr, 1.54 per cent. 

Microhardness (Vickers hardness Nos.) readings (left to right): 
572, 520, 555 (martensite-austenite); 1600, 1500 (carbide); 635, 640, 


555 (martensite). 


Section of I-in. Y block. Heat No. 44-35. Etchant; 3 per cent 


Nital, 8 sec. 500X. BHN.—600. 


Fig. 8—Photomicrograph of martensitic white iron 
(slight mottle). Martensite, austenite, carbide, graphite 


(L 91403). 


Tensile strengths are 20,000-34,000 
psi. and generally lower than previ- 
ously reported values obtained from 
larger test bars in which the micro- 
shrinkage at the center of the bar 
has less effect. The inoculated iron 
with a steel base charge (M411- 
412) possesses characteristically high- 
er tensile strength and intermediate 
ductility. 


1V-C. Miscellaneous Tests of 
Plastic Deformation 

1. Microhardness. A duplex struc- 
ture rarely behaves in a manner 
which averages the properties of the 
individual constituents. For exam- 
ple, the pearlitic white iron (Heat 
44-434, Table 1) showed less than 
0.0005 per cent plastic elongation, 
yet over 50 per cent of the structure 
is composed of pearlite, which if test- 
ed alone would exhibit over 10 per 
cent elongation. 

Therefore, to supplement the 
standard hardness readings in which 
the indenter presses simultaneously 
upon large amounts of all constitu- 
ents, the separate behavior of each 
phase or aggregate (such as pearlite ) 
has been studied by use of the micro- 
hardness technique. Photomicro- 
graphs of the impressions, Figs. 4, 5, 
8, 14, 15, 16, have been included to 
show the effects of the impression 
upon the metal structure, as well as 
the relative size of the indentations. 
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Etchant.; 3 per cent 


Chemical analysis: 
0.13; S, 0.11; Si, 3.38; Ni—; Cr, 1.95 per cent. 


Section of D-14 (1-1/16 in. dia.) tensile specimen. Heat 44.443 


TC, 3.54; CC, 1.15; GC, 2.39; Mn, 0.99: p 


nital, 8 sec. 500X. 


Greater elongation and lower modulus than pearlite-carbide struc. 


ture (Fig. 4). 


The data of Table 3 may be dis- 

cussed as follows: 
a. Carbide Hardness 
b. Austenite Austenite Mar- 
tensite 

c. Other Matrices : Pearlite Acic- 
ular Ferrite 

a. Carbide Hardness—Figs. 4, 5, 

8, 14, 15, 16. Contrary to the gen- 

eral impression that alloyed carbides 


Fig. 9—Photomicrograph of pearlitic iron with free 


carbides (M 64101). 


are pronouncedly harder than iron 
carbide, no consistent differences in 
penetration hardness are evident as 
the total alloy content is changed 
from zero to 26 per cent Cr or to 
4.5 per cent Ni, 4 per cent Mn, 2 
per cent Cr. Hardness as measured 
by this method remains in the rang: 


990-1600 VHN. (VHN. or Vickers 
Hardness Number is equal to BHN 

















70000 
60000 oF P-2 
Z 

~~ 50000 4 

40000 

uy) 30000 

YW”) 

20000 

‘es 

” 10000 

i?) ! 2 3 4 5 6 7 8 9 10 i 12 3 14 
ELONGATION % \ 

Refer- 

ence ———Chemical Analysis, per cent—— 

No. T cc Sc Mn P S Si BHN. Heat Treatment 
FP2 3.51 1.03 2.48 0.55 0.28 0.10 0.72 321 Quenched and tempered 
AP2 3.48 084 2.64 054 0.27 0.10 0.77 194 Air cool 

BP2 3.46 082 2.64 049 0.27 0.10 0.60 187 Mold cool 
EP! 3.48 0.8! 2.67 0.58 0.29 O11 0.87 165 Mold cool, higher Si 
x! 3.49 0.60 289 047 0.29 O.11 0.60 130 

CP! 3.48 0.44 3.04 0.55 0.30 0.13 0.72 124} Cooled 10° F./! 
45-005B 3.51 040 3.1! O46 0.07 0.08 1.05 103 


Fig. 1|O—Effect combined carbon upon tensile stress-strain curves of g' 


1ron. 
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s Number up to 320; 
ue VHN. 

han BHN.; example, 
VJ 61 BHN., 1021 VHN. 





increases 






7 rest that the impres- 
carbides of the aus- 
ons (Fig. 14) exhibit 
me hardness as those 
Figs. 4, 5, 8) 
nall areas available for 

a t and the soft matrix. 
The | | range of carbide hard- 
ittributed to the brittle- 
constituent, together 
wered precision of meas- 
vith small impressions 
100 VHN. at 1500 VHN.), the 
properties of the carbide 
nd the unknown depth of 
ntite at the location of the 
ermitting possible pene- 


irons 


the underlying softer 


Austenite, Austentte-Martensite 
Figs. 5, 8, 14, 15. The hardness 
tenite in the gray irons M407, 
1019 Table 3, varies from 
63 to 243 VHN. (BHN.). Matrix 
microhardness in gray iron is higher 
macrohardness because the 
raphite flakes are eliminated. 
iron the converse is true, 


19 
riJ, 


In white 
ause carbides increase the macro- 
irdness. The change in the matrix 
wrounding the impression (Figs. 
15, either strain hardening or 
ransformation) indicates that even 
nder light loads the material 
round the penetrator is affected. 
The austenite of the highly al- 
ved nickel-manganese white iron, 
XEI5D (Table exhibits hard- 
; partly characteristic of the aus- 
nitic gray irons, but the effect of 
of martensite is quite evi- 


3) 
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ca. 9404 
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lJ 9/44-079:17 245°285°3 
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” iy pi AaB? | got - a0 
ley 2” es me canna — 2 +s 
20000 (f—— | —- — _ 
= oul SESE cea) 
| 
| | | | | 
50 10 LS 20 25 30 
ELONGATION % 
Chemical! analysis, per cent-—— 
Heat No. Material Tc Si Ni Cr Mo Cu 
44-434 1.5 per cent Cr white cast iron 3.40 0.68 — 1.55 — “= 
404 High strength Ni-Mo gray iron 2.34 2.64 2.93 0.25 0.97 — 
FP2 Quenched and tempered gray iron 3.51 0.72 — — — — 
44-079-17 3.10 per cent carbon Si-Cr heat 
resistant irons 3.10 3.57 a 1.94 — — 
45-285-3 High carbon Ni-Mo gray iron 3.66 182 1.52 -— 1.06 a 
44-448-17 3.54 per cent carbon Si-Mo heat 
resistant iron 3.54 3.38 -- 1.95 _ _— 
4il {Austenitic} 18 Ni, 3 Cu, 2 Cr 2.89 1.81 18.38 2.28 —_ 2.74 
410 )Gray Iron} 20 Ni, 2 Cr 2.91 1.68 20.45 2.11 a _ 


Fig. 12 


dent in the range of readings ob- 
tained (160-348 VHN.). As in- 
creased amounts of martensite are 
encountered, L914, L916, the char- 
acteristic hardness of austenite is no 
longer evident and readings from 
390 to 695 VHN. are obtained. 


Hardness Variance 
This effect is caused either by 
underlying crystals of martensite or 
greater instability of the austenite 
which causes pronounced transfor- 
mation as the penetrator is applied. 














Fig. 11—Photomicrograph 
showing low carbon actcu- 


lar structure (M 48601). 


























Chemical analysis: TC, 2.34; 
CC, 0.65; GC, 1.69; Mn, 0.88; 
P. 0.02; S. 0.02; Si, 2.64; Ni, 
2.93; Cr, 0.25; Mo, 0.97 per 
cent. 

Section of 1.2 in dia. arbitra- 
tion bar from M 403. 500X. 
BHN. 402. 

Aciculer ferrite, martensite, 
retained austenite, graphite 
(tempered at 550° F.—I5 hr.). 
Highest strength and elastic 
elongation obtained in this struc- 
ture. 


Tensile stress-strain curves for gray irons of different matrices. 


However, the hardness range is still 
related to the austenite percentage 
as estimated microscopically. L916: 
85 per cent austenite, 15 per cent 
martensite, 390-595 VHN.; L914:15 
per cent austenite, 85 per cent mar- 
tensite, 500-695 VHN. 

c. Other Matrices—Pearlite, Acic- 
ular, Ferritic. Pearlite hardness, as 
in the case of steels, is related to 
fineness. In L913, Fig. 4, the range 
of 212 to 380 VHN. is quite appar- 
ently caused by spacing and orienta- 
tion of the cementite plates. Nickel 
content produces uniform 
pearlite with increased fineness and 
hardness, 399 to 440 VHN. This 1s 
the well-known effect 
upon austenite transformation,. 

Behavior of ferrite alone contrasts 
sharply with ferrite interspersed with 
carbide spheroids, Fig. 16, Table 3. 
The «scattered carbides raise the 
hardness from 140 to 208 VHN. 

Impressions upon acicular struc- 
tures, Fig. 11, confirm previous con- 
clusions that the light etching areas 
contain a harder austenite-marten- 
site mixture (455-635 VHN.), and 
the dark etching needlelike areas 
have a coarser ferrite-carbide aggre- 
gate (378-555 VHN.). 
Microhardness readings upon a 


more 


because of 
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Tabie 3 
| MICROHARDNESS OF VARIOUS WHITE AND Gray [RON STRUCTURES 
Refer- - 7 Matnx Hardness ————————_—_ ~ a 
ence Micro General Range Av. -—Carbide Hardness— toll 
No. No. Description Type Vickers Vickers Range Av ‘ VHN 
L475 L475 White Iron “0” Alloy {Ferrite alone 150-137 140 1270-1200 1220 
\Spheroidized structure 217-200 208 — - ; 
44-434 L913 White Iron, 1.5%Cr Pearlite 380-212 295 1400-990 1130 460 599 
44-440 L915 White Iron, 1.5%Ni, 1.5%Cr Pearlite 440-339 380 1400-1130 1270 555 ¢49 
44-441 L916 White Iron, 4.0%Ni, 2.0%Cr 15% martensite, 85% austenite 595-390 440 1320-1130 1250 0 746 
44-435 L914 White Iron, 4.5%Ni, 1.5%Cr 85% martensite, 15% austenite 695-500 595 1600-1500 1500 2 60g 
XE15D E231 White Iron, 4.5%Ni,4.2%Mn,2%Cr _ Austenite, trace martensite 348-160 256 1080-990 1030 482 5,4 
L888 L888 2.5% TC, 26%Cr Austenite ? 415-348 365 1600-1270 1400 555 649 
FPI L473 Gray Iron, quenched and tempered Acicular, martensitic 400-355 378 -- — 3 
As above, cold worked Acicular, martensitic 574-536 555 — — S 
M403 M486 Gray Iron, Ni, Mo Dark etching acicular 555-378 455 — - < 
Light etching acicular 635-455 555 - 
M407 M488 Gray Iron, 14%Ni, 6%Cu, 2%Cr Austenite 208-163 180 940 940 107 . 
M409 M489 Gray iron, Z0%Ni, 2% Cr Austenite 183-170 180 1030 1030 115 ~- 
M411 M490 Gray Iron, 18%Ni, 3%Cu, 2%Cr Austenite 243-212 227 — — . ae 
M413 M491 Gray Iron, 30%Ni, 3%Cr Austenite 234-217 227 — — 128 
‘Converted from 3000-kg. Brinell impressions ?Presence of graphite (Table 2) lower macrohardness 
| quenched and tempered acicular bon silicon-chromium iron previous- stiff pearlitic white irons which may 
martensitic structure, FP-1, before ly described (Table 2). Plastic de- be stressed to 35-45,000 psi. with 
and after concentrated compression formation increased from 0.06 per 0.13-0.18 per cent elastic elongatio: 
| testing show an increase from 355- cent (room temperature test) to 15 and less than 0.0001 per cent plasti 
4100 VHN. to 536-574 VHN. This per cent when tested at 1400° F. strain, to the comparatively ductil 
| | is a further indication that appre- The enhanced ductility is accom- austenitic gray irons with 0.270-0.36? 
ciable work hardening occurs in cast panied by marked decrease in per cent elastic and over 3.0000 per 
| | iron. strength, but illustrates the marked cent plastic elongation at 21-31,00 
2. Concentrated Compression change in properties at elevated psi. The high strength acicular gray 
(Mushroom) Tests—Fig. 3. In many __ temperatures. irons withstand higher stress and 
applications the structure is subject- _— a more elastic deformation (0.434. 
ed to concentrated compressive load- Application to Practice 0.570 per cent) than any of th 
ing . in om or point — oe Data of sections IV-A.2.. tadt- other materials. 
roused: ay ae agg . ve 4 él cate that irons of a wide range of The stress-strain curves are ther 
cause of the difficulty of predicting elastic and plastic properties are fore functions of the structure and 
the effect of these conditions from lini. Wate a Fies i a a ail 
ileal Aeche a: Miia” tae avaulable. eferring again to Figs. provide a better evaluation than ten 
ear emia ers Stee a 6, 9, 10, these alloys vary from the sile strength alone. The compressiv 
has been devised and is being studied 
(Fig. 3). 
Figure 13 and Table 4 indicate 
that plastic flow under these circum- Table 4 
stances is far greater than the Musuroom Test oF Gray AND Mott ep I[RoNs 
amount measured in the convention- ; es 
Kcr eros L473 L475 
a Neem £ bot - - mae ogy ; P a eaiet ion 
some aking oO oth specimens i . : : Martenstic Actcular Spheroidized-Fernt 
ry wager Ricn sa 5 a es “f Longitudinal Plastic Deformation 
takes piace = makes Oad 1S ap- under load, ae ; aoe 0.204 0.142 
proached. Figure 13 illustrates that Maximum Load, Ib............ 56,000 (no rupture) 42,000 (rupture 
the graphite flakes are turned per- 
pendicular to the direction of load- 
ing as the matrix flows. Cracking 
‘ ‘ : Table 5 
of the carbide-phosphide (steadite ) 4 
is apparent, but the cracks do not FLevATED TEMPERATURE Tests OF Si-Cr IRON 
extend into the surrounding metal. - —————— Chemical Analysis, per cent - : 
From the final areas of the de- TC cc Mn P Ss Si 
formed top surfaces and the maxi- 3.10 1.20 0.98 0.10 0.10 3.75 1.94 
mum load, surface pressures of the Plastic 
‘r of 200,000-300,000 psi. are ; Elongation 
orde! f2 . i - Temp., Stress Duration of During Test Remarks 
obtained. At the edges of the top oR Psi. Test, he. per cent 
surface, severe stress concentration 70 42,500 Tensile Test 0.067 ——. 
is evident and higher pressures are 1000 6,000 1,000 0.7 Not carried to fracture 
probable. 1200 2,000 1,000 1.3 Not carried to fracture 
3. Elevated Temperature Tests. 1200 6,000 35 6.0 Fracture 
Elevated temperature tests were con- 1400 1,500 < ae Fracture 
ducted upon the 3.10 per cent car- sisted 2.000 ot. a8 cee inte 
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AS Severely worked martensitic-acicular struc- 
ctl ture containing elongated graphite flakes. 
26 Compressive stress in vertical direction.) 
: é Vickers hardness: Before compression— 
355-400: after compression—536-574 (micro 
UY hardness readings). 

ray Section of mushroom specimen from wheel 
ond FP2, Etchant—3 per cent Nital, 8 sec. 500X. 
All\ 
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4 Fic, 13-— Martensitic-acicular tron 
thi 


ifter compression test (L 47303). 


nd elevated temperature tests show 
that greater ductility may be ob- 


perature tensile tests. Since the spec- 
— imens melted in widely different fur- 
naces form an orderly pattern unre- 
ated to melting practice, the fore- 
going conclusions may be taken as 
generally applicable. 

It remains now to justify the 
somewhat more careful technique re- 
juired for determination of the com- 
plete stress-strain diagram by a re- 
- view of the possible practical appli- 

ations of the data. The uses may be 
divided into two fields: 
I. Quantitative correlation of 
present uses of irons with dif- 
Cr ferent strain characteristics 
94 but similar strength. 
Il. Future Development. 


|. Quantitative Correlation of 
Present Applications 

Foundrymen and engineers have 
rarned through long experience 
that differences in rigidity and 
toughness exist between white and 
eTay ns: many proper applica- 
ive been developed on this 






tions 





qualitative basis. A brief review ot 
the proven uses of the different 
structures on a quantitative basis 
permits a better correlation and un- 
derstanding of the applications. 
First, it should be decided how 
much plastic or elastic deformation 
is of importance. The white and 
mottled irons with low 
may therefore be considered first. 
In practice, a mottled iron gener- 
ally is conceded to be tougher than 
a white iron. 


plasticity 


In parts subject to 
wear, mottled irons are used success- 
fully in the critical sections where 
white alloy iron would break. Fig- 
ure 6 indicates that although a mot- 
tled iron (44-435-3-in. Y) is prac- 
tically the same strength as a white 
iron, the total elongation at rupture 
is twice as great and plastic defor- 
mation is markedly higher (0.0565 
vs. 0.0076 per cent). 

Other applications where elonga- 
tion rather than strength may be of 
paramount importance are numer- 
ous, for example, the general case of 
a part operating with a_ thermal 
gradient. If castings of the afore- 
mentioned irons are seated rigidiy 
in place, elongation of 0.038 per 
cent is required per 100° F. tem- 
perature difference per inch. 

Mottled iron will withstand over 
0.3 per cent in tension or 800° F. 
differential, while white iron frac- 
tures at 0.15 per cent or 400° F. 
differential. From another point of 
view, white iron of 90,000-psi. ten- 
sile strength would be needed in this 
application to withstand the same 
deflection as the mottled iron. 

High (60-90,000 
psi.) with high elastic elongation 
(0.4-0.5 per cent) and some plastic 
deformation (0.1-0.2 per cent) have 
well established service records as 
crankshaft and camshaft materials. 
In this field, where the majority of 
failures occur in fatigue, very great 
ductility is of little importance. A 
steel with 20 per cent elongation in 
a static test obviously will exhibit no 
greater deformation than gray iron 
in a fatigue failure, and possesses 
the disadvantages of greater notch 
sensitivity and lower damping ca- 
pacity. 

Intermediate strength irons of ma- 
chine tool type provide an interest- 
ing range from the fully pearlitic— 
tensile strength 50,000 psi., 0.70 per 
cent combined carbon, to the fer- 
ritic pearlitic—30,000 psi., 0.40 per 
cent combined carbon. As the com- 


strength irons 
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bined carbon is decreased, softer and 
higher plastic elongation materials 
are provided with a decrease in 
strength and modulus. 

Thermal shock resistant, ductile 
pearlitic-ferritic irons with below 
0.20 per cent combined carbon are 
a logical progression from the pear!- 
itic irons. For glass molds and in- 
got molds a given strain rather than 
strength is necessary, as explained in 
the section under white irons. Brake 
drum materials also require higher 
deformation and lower modulus, al- 
though combined carbon is higher 

similar to 45-283-3, Table 2 and 
Fig. 2). 
High modulus 


austenitic irons offer an interesting 


elongation, low 


combination of properties. 


ll. Future Development 

A. Effect of Structure upon 
Stress-Strain. Since strain evidently 
is complementary to stress in deter- 
mining serviceability, it may be prof- 
itable to evaluate further the effects 


Fig. 14—Photomicrograph showing 
austenitic gray iron (austenite, 


graphite, carbide) (L 48801). 


Microhardness readings—upper left, lower 
right: Vickers hardness numbers, 165, 165 
(austenite), 940 (carbide). Other two im- 
pressions show effects of duplex structure 
upon penetration. 

Chemical analysis: TC, 2.93; CC, 0.97; 
GC, 1.96; Mn, 1.52; P, 0.175; S, 0.02; Si, 
2:03; Ni, 14.28; Cr, 1.82; Cu, 6.04 per cent. 

Section of tensile specimen M407. Etch- 
ant—3 per cent Nital, 8 sec. 500X. 
BHN. 10l. 
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of structure upon both variables. 
The series of irons presented in this 
paper obviously is incomplete; the 
quantitative effects of graphite 
amount and distribution and of 
other matrices may well receive at- 
tention. The effects of phosphorus 
and sulphur should also be carefully 
defined. 

Other mechanical properties of 
cast iron may be correlated and un- 
derstood by stress-strain observations. 
For example, the impact strength of 
both the austenitic and the high 
strength acicular irons is in excess 
of 120 ft. lb. (Izod 1.2 in cast bar), 
yet the reasons underlying the value 
may be different, such as high plas- 
tic elongation in the former case, 
high elastic elongation and high 
strength in the latter. 

However, from the stress-strain 
curve excellent strength under re- 
peated impact can be predicted for 
the more elastic material and dimin- 
ishing resistance for the less elastic. 
The higher damping capacity of the 
more ductile irons compared with 
the less ductile materials may also 
be explainable upon the basis of the 
greater plastic deformation at a 
given stress. 

The loosely used term “tough- 
ness,” which impact tests are intend- 
ed to evaluate, may be better defined 
by further work as consisting of a 
strain and a strength component 


Fig. 15—Photomicrograph showing austenitic gray iron 


(austenite, 


with perhaps additional considera- 
tion of notch sensitivity. 


Conclusion 
A survey of the different types of 
stress-strain curves encountered in 
white and gray irons indicates that 
strain behavior may be complemen- 
tary to strength in determining the 
serviceability of castings. Because of 
the severe effects of shrinkage en- 
countered in certain specimens pre- 
pared from standard 1.2 in. arbitra- 
tion bars, it is suggested that future 
work of this type be conducted upon 

adequately fed test bars. 
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Presiding: R. G. McEtwee, Vanadium 
Corp. of America, Detroit, Mich 


Fig. 16—Photomicrograph, mottled tron no alloy (car- 
graphite, carbide L 49001). bide, graphite, spheroidized pearlite (L 47501). 


Microhardness readings—left to right: Vickers hardness numbers 


1200, 1270, 1270 (carbide), 200, 217 (ferrite ++ carbide), 137, 150 


(ferrite). 


Nital, 8 sec. 500X. 


Chemical analysis (approx.): TC, 3.50; Mn, 0.55; Si, 0.55 per cent. 
Section of spheroidized chilled iron L475. Etchant—3 per cent 
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W. E. Manin, Armour 
indation, Illinois Institute 
gy, Chicago, IIl. 

written discussion): The 

s paper have offered a con- 
sunt of fundamental data 
It is this type of informa- 
f great value to the design 
at he is given the physical 

t he can use effectively. 
It to this, the authors in their 
icro-hardness of the various 
ents have given a wealth of 
to the metallurgist who is 
cast iron. I believe that 
st time these hardnesses have 

n I ted in a concise form, 

The lus of elasticity is one of the 
hvs ynstants that are most im- 
ortant 1 design engineer. He uses 
this in his calculation of stiffness and 
stress. As the authors point out, this so- 


alled constant is not constant in gray 


ron but changes with increasing stress. 
The authors by determining the tan- 
gent modulus have given a value which 
; perhaps the best one to use. It no 
joubt is a safe one. It may also be 


pointed out that the actual value ob- 
tained is influenced considerably by the 
wacy of the strain measurements. 


The authors by the use of SR4 strain 
gages have taken very accurate measure- 
ents; hence the values they show are 
elatively low when compared to some of 
the results given elsewhere. The results 
given compare favorably with those ob- 
tained in our laboratory on comparable 
terial 

Cast iron is usually considered a brit- 
tle material. This has come about be- 
ause it does not have a great deal of 
ustic or elastic elongation under stress 
ind should it break, the fracture is flat 
with no visible signs of any elongation 
deformation. The degree of brittle- 
ness is one that needs consideration. 
\lmost all impact tests such as Izod, 
Charpy, or modifications of these tests 
measure the amount of energy required 
tor fracture 


No great amount of study has been 
ide of the amount of deformation be- 
Any great amount of plas- 

movement of the material will in 
general make the piece useless in that 
this will most likely affect mating parts, 
tc. Hence, the impact breaking strength 
does not have significance to the designer 
except in a relative way. 


fore fracture 


The important thing to the designer 
is the total amount of movement the 
material will have under a given stress. 
Knowing these values for various mate- 
ials will help the designer choose the 
night material for the particular stress 
onditions. Brittleness will only come 
nto the picture under very sudden im- 
pact stresses. Such impact stresses are 
not normal in most design considerations. 
Hence, the information on plastic and 
Clastic strains given by the authors is 
valuabl 
Chemical analyses were made using 
8 to |/16-in. cubes instead of drillings. 
Were these cubes machined from the 
test bars, or were they cast from the 
metal ? 

The suthors should be congratulated 





On presenting an important subject in a 
clear and concise form. 


H. W. Lowntg, Jr.’ (written discus- 
sion): The authors are congratulated 
for what is, in my opinion, the most 
constructive and informative paper pre- 
sented at the current convention. More 
frequent papers containing factual in- 
formation of this type are sorely needed 
by the industry. The cast irons selected 
for testing have been so well chosen that 
the data are unusually comprehensive. 

In Fig. 1, it has been indicated that 
unloading of the tension-test specimen 
from a stress just below the tensile 
strength will resuit in a reduction of 
strain along the dotted line until 0.318 
per cent plastic strain remains at zero 
load. I should like to inquire how this 
unloading curve was determined. The 
confusion of plastic elongation with elas- 
tic elongation in the caption of Fig. | 
has probably been noticed by the authors. 

In Part III and Fig. 2A, the differ- 
ence obtained between the stress-strain 
curve for specimens cut from standard 
arbitration test bars and the risered test 
bars should not be overlooked by the 
reader. Independent data also have in- 
dicated that the traditional form of test 
bar leaves much to be desired. 

The spread of data obtained in many 
investigations may well be caused simply 
by small amounts of unsoundness in the 
test bars employed and not to certain 
“mysterious” influences often blamed for 
the spread. Investigations conducted with 
a large number of standard arbitration 
test bars cast by various methods have 
indicated that the majority of such bars 
cast in commercial foundries by the 
recognized standard methods are prob- 
ably unsound. 

This unsoundness is a matter of de- 
gree, but is usually sufficient to yield 
erratic test results and often is enough 
to mask the effect of various factors 
that are being investigated. Unsound 
test bars also penalize the foundry by 
forcing the production of a _ higher 
strength iron in order to meet minimum 
tensile strength specifications. 

Foundrymen who consider that their 
own test bars are sound might well cast 
ten or fifteen of their standard test bars 
from the same ladle of iron and deter- 
mine the spread in tensile strength ob- 
tained by pulling one tension specimen 
from each bar. The results will prob- 
ably be ‘disconcerting. 


R. W. Linpsay’: I would like to com- 
pliment the authors with regard to the 
data that have been collected, and the 
presentation of it by Dr. Flinn. The sub- 
ject of elastic and plastic deformation of 
cast iron is of definite importance. The 
behavior of different cast irons toward 
sudden thermal changes is an example 
of this importance. 

I would like to make just a brief, 
additional comment. Some time ago, 
Massari® studied the stability of com- 
bined carbon in low silicon iron of the 
type used in the manufacture of chilled- 
iron car wheels when such iron was 
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vania State College, State College, Pa. 





annealed for -increasing lengths of time 
at various temperatures 

His investigation pointed out the 
effects of increasing amounts of ferrite 
hence decreasing amounts of combined 
carbon) in the matrix in relation to the 
stress-strain behavior. This is another 
illustration of the importance of elastic 
and plastic deformation of gray iron 
where it relates to the mounting of rail- 
road car wheels on axles. An iron of 
low combined carbon content and high 
plastic deformation (or set) is to be 
avoided in this case. 

The present paper makes an impor- 
tant contribution by extending these 
studies to differences in occurrence of 
carbon and differences in matrices 

Messrs. FLINN AND CraAPIN (authors’ 
closure): We wish to thank Messrs. 
Egan, Lindsay, and Lownie for their 
thoughtful discussion. 

In answer to the sixth paragraph of 
Mr. Eagan’s comment, it should be 
noticed that while cast iron does not 
have as much plastic elongation as steel, 
it has greater elastic clongation than 
steel of the same strength. For example 
in Fig. 1, the elastic elongation for gray 
iron is 0.404 per cent at 41,100 psi 
while a steel specimen under this load 
would have a maximum elastic clonga- 
tion of: 41,100 psi. X 1/30,000,000 psi 
= 0.137 per cent. 

This greater elastic defiection may be 
favorable or not, depending on whether 
the application requires a given strain 
or a given stress. In reply to the ninth 
paragraph of the same discussion, the 
chemical analyses were made using % 
to 1/16-in. fragments machined from the 
gage length of the tensile specimen. This 
procedure avoids loss of graphitic car- 
bon and will be discussed fully in a 
later publication. 

Regarding Mr. Lownie’s comment, we 
are inclined to agree with his stand that 
the present form of test bar is inade- 
quate in providing reliable data espe- 
cially for irons which require careful 
control of directional solidification such 
as white iron, and the higher strength 
and alloyed gray irons. 

In our own experimental 
have practically abandoned the standard 
test bar in favor of the properly risered 
specimens described in the paper. We 
have also found it necessary to adopt 
non-standard test specimens to determine 
the effect of different section sizes en- 
countered in the foundry which possess 
cooling rates far beyond those of the 
standard 0.875, 1.2 and 2.0-in. arbitra- 
tion bars. 

Concerning the determination of the 
unloading curve, two methods may be 
used: 

1. The load is removed every 2,000 
psi. as the breaking load is approached 
and the resulting points plotted on the 
X-axis. When the final clongation (¢ror, 
Fig.1) is obtained, a line is drawn par- 
allel to the last unloading line and the 
X-intercept taken as plastic clongation. 

2. When the specimen breaks just 
beyond the gage, a final reading is 


work we 


obtained at zero load to give plastic 
elongation. At the low clongations dealt 
with, elongation is quite uniform over 
the entire gage length. 
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Ir IS COMMON PRACTICE to 
“homogenize” the heterogeneous, 
coarse-grained structure developed 
during the solidification of a steel 
casting. It is generally assumed that 
the treatment refines the grain, dif- 
fuses segregated areas resulting from 
the dendritic mode of freezing, and 
improves the mechanical properties, 
particularly ductility and toughness. 

Homogenizing heat treatment is 
generally carried out at tempera- 
tures considerably higher than those 
used for normal heat-treating prac- 
tice, but there is no consistency 
among producers in regard to the 
temperature or the holding time at 
temperature. Thus, it is not unusual 
to find one steel foundry homogeniz- 
ing at 1700°F. for 4 hr. and an- 
other at 2000° F. for 10 hr. for cast- 
ings of the same section size. 

While composition of the steel 
and heat-treating facilities govern to 
some extent the choice of homog- 
enizing heat treatment, there can be 
no doubt that variations in time and 
temperature as great as those men- 
tioned are much beyond the normal 
range imposed by these factors. The 
implication to be derived from this 
decided lack of uniformity in ho- 

Presented at a Steel Session of the 
Fiftieth Annual Meeting, American 
Foundrymen’s Association, at Cleveland, 
May 8, 1946, this paper is based on work 
done for the Office of Scientific Research 
and Development, Contract No. OEMsr- 
45° with Battelle Memorial Institute. 


mogenizing heat-treating practice is 
that there is no unanimity of opin- 
ion in the cast-steel industry regard- 
ing the value of homogenizing; yet 
the advantages to be gained if such 
opinion could be brought to closer 
agreement are perfectly obvious. 


If it is true that a drastic heat 
treatment of many hours at high 
temperatures is necessary, then cer- 
tainly those who now employ the 
lower temperatures and shorter hold- 
ing times are not realizing the max- 
imum properties from their steels. 
On the other hand, if there is no 
particular advantage in going to 
higher temperatures and _ longer 
times, or if the advantage is so 
slight that a minor adjustment in 
composition would compensate for 
it, then the drastic heat treatments 
could well be curtailed to save time 
and heat-treating capacity. 


Survey Made 
To obtain a better understanding 
of the worth of homogenizing heat 
treatments and to accumulate a set 
of data that would be useful to the 
cast-steel producers in governing 
their heat-treating practice, an ex- 


tensive survey of the homogenizing 
heat treatment was undertaken at 
Battelle Memorial Institute op 
36x36x2-in. cast-steel plates. These 
plates, which were submitted by fiv: 
producers, were sectioned into cou- 
pons and each coupon given a dif- 
ferent homogenizing heat treatment 

Range of temperature and hold- 
ing time covered the extremes cur- 
rently existing in actual practice 
and in one instance exceeded the 
upper commercial homogenizing 
temperature. After quenching and 
tempering, each coupon was cut 
into tensile and notched-bar speci- 
mens and into specimens suitable 
for macro- and micro-examination 

Hardenability tests were made on 
standard end-quench specimens ma- 
chined from the coupons after they 
were homogenized. Correlative stu- 
dies were concerned with temper- 
brittleness susceptibility and _|low- 
temperature toughness. The final 
result was a comprehensive survey o! 
the hardenability and mechanical 
properties of the five commercial 
plates after a variety of homogeniz- 
ing heat treatments. 

Procedure. The five plates used 








Plate 


uw +> WwW ND 





No. C Mn Si r S Cr 
1 0.27 1.50 0.44 0.020 0.023 0.32 0.05 0.16 0.014 0.17 <6.0005 0.U2 
0.23 1.24 0.36 0.033 0.028 0.29 0.08 0.41 0.015 0.13 <0.0005 0.05 
0.25 0.96 0.55 0.030 0.046 0.47 0.44 0.41 0.016 0.18 <0.0005 0.95 
0.40 1.69 0.47 0.022 0.022 0.10 0.04 0.41 0.027 0.25 <0.0005 
0.32 0.86 0.34 0.046 0.038 0.54 0.44 0.37 0.008 0.18 <0.0005 l 


Table 1 


CHEMICAL ANALYSIS OF THE Five Test PLATES 
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of an investigation 
at Battelle Memorial 
The second and con- 
stallment follows on 








, and their analyses are 
le 1. The general pro- 
ndling these plates was 


ynns from 


each 


of the 


in. plates and to ho- 
em at temperatures of 
1850, 1950, or 2050° F. 
12 hr., and at 2250° F. 
The latter heat treatment 
ifter the tests on all the 


t-t reated 


bars 
Because of its severity, 


had 


been 


be classed as a commercial 


In the discussion 


Cooling Rate 


each 


coupon 
juenched from the tempering tem- 
erature and the other part was fur- 
nace cooled to determine the effect 
{ cooling rate from the tempering 
the notched - bar 


ent, but was included for 
> results ob- 


generally considered 
separately from those obtained after 
the other homogenizing heat treat- 
ments. After an end-quench harden- 
ability specimen and specimens for 
nicro- and macro-examination were 
removed from each coupon, the re- 
mainder of the coupon was reheated 
o the austenitizing temperature and 
water quenched and tempered to 
240 to 260 Brinell. 


was water 


sus- 


Charpy-type V-notch 


specimens were removed from the 
‘umace-cooled part of the coupon, 
while Charpy-type V-notch, Izod, 
ind tensile specimens were taken 


Each of the original plates was 
ut into at least 19 coupons, measur- 
ing 934x7 in. A sketch of a sample 
ayout is given in Fig. 1. All of the 
plates were sectioned in essentially 
the same manner. The numbering 
system j 


the figures identifies -the 
of each coupon in the orig- 


mn of the test specimens in 


on is shown in Fig. 2. Be- 


it the left 


side of the 


ie test specimens are lo- 


abulated below the sketch. 


It should be noted that as far as 
possible the specimens were taken 
from material near the surface of 
the coupons, reducing the probabil- 
ity of having porous areas in the 
specimens. 

The coupons received the 
mogenizing heat treatments in an 
electric resistance furnace with no 


ho- 


attempt made to control the at- 
mosphere. They were then air 
cooled. After homogenizing, the 
coupons had a portion removed 


which was large enough for the ma- 
chining of an end-quench bar, two 
fracture grain-size bars and a macro- 
and micro-specimen (right - hand 
portion shown in Fig. 2). 

The remainder of each coupon 
was held for 4 hr. at 1600°F. in a 
metal box sealed with a graphite lid, 
removed, and then water quenched, 
using a submerged spray. The time 
in the quenching medium was 134 
to 2 min. After this time interval, 
the coupon was cold enough to be 
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removed from the fixture by hand 

One coupon from each plate was 
quenched without receiving previous 
homogenizing treatment, thus pro- 
viding test specimens for unho- 
mogenized material. Each of the as- 
quenched coupons was cut into two 
portions, and after tempering both 
portions of each coupon to the 240 
to 260 Brinell range, one portion 
was water quenched after the draw 
left-hand portion in Fig. 2) and 
the other was furnace cooled 
ter portion in Fig, 2 
To obtain accurate hardness meas- 
during the heat-treating 
operations, as- quenched hardness 
readings were taken on a surface 
ground below the decarburized 
layer. This surface used 
for measuring the hardness in tem- 
pering the coupons to the 240 to 260 
Brinell range. 

At the completion of the temper- 
ing operations, a minimum of 1/16 
in. was shaped off the cope and drag 


cen- 


urements 


was also 





tempered specimens. 





+ The effects of homogenizing heat treatments of 2, 6, or 12 
hr. at 1650, 1750, 1850, 1950, or 2050° F. and of 12 hr. at 
2250° F. on the hardenability and mechanical properties of five 
hardened and tempered commercial 2-in. cast plates from five 
different producers were determined. The plates varied in 
hardenability from one air-hardening type to two plates which 
did not harden fully through the 2-in. section. 
effects or trends from the homogenizing treatments were ob- 
served on the austenitic (fracture) grain size, hardenability, 
notch-bar toughness on V-notch Charpy specimens at room and 
sub-atmospheric temperatures, temper-brittieness susceptibil- 
ity, or tensile properties. The properties of unhomogenized 
specimens were generally equivalent to those from homogenized 
material. Any deviations that arose could be more closely con- 
nected to the position of the test pieces in the original plate 
than with any influence of the homogenizing heat treatment. 
The position of the test pieces in the original plate was impor- 
tant because variations in soundness of the castings from one 
part to another were reflected in the mechanical properties. 
Successive increases in temperature or holding time brought 
about a gradual diffusion of the dendritic pattern on etched 
macrospecimens; however, even the most drastic heat treat- 
ment did not obliterate the structure. Segregated areas in the 
microstructure, represented by nonuniform etching rates and 
nonuniform distribution of the microconstituents, were also 
broken up by the more drastic heat treatments in three of the 
steels. The effect was noticeable to a lesser degree in the 
fourth steel and completely absent in the fifth. Despite these 
changes in the appearance of the homogenized structure, after 
quenching and tempering no difference could be observed in 
the microstructure in even the extreme conditions of no homog- 
enization whatsoever and a treatment of 12 hr. at 2250°F. It 
was generally concluded that, in the case of these five low- 
alloy steels, the various homogenizing treatments produced no 
appreciable change in the characteristics of the hardened and 


No significant 
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Fig. 1—Typical layout of test cou- 


pons on the cast plates. Cope side 
of Plate 5 is illustrated. 


surfaces of the coupons to remove 
the decarburized layer before cut- 
ting out any of the specimens. 

Some difficulty was experienced 
with quenching cracks in coupons 
from Plate 4. An interrupted quench 
was tried as a means of eliminating 
the cracks, but this treatment was 
not entirely successful. No further 
cracking was encountered when the 
coupons were quenched 1/2 min., 
followed immediately by a draw at 
690° F. Table 2 gives the complete 
heat-treating data. 

A V-notch Charpy-type bar was 
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Portion of Coupon Water Quenched 
from Tempering Temperature 
Tensile bars A, B, and C 
Izod bars DE 
Charpy bars Fi to Fié 
Hardness-survey block l 


Portion Furnace Cooled from 
Tempering Temperature 


Charpy bars | Gi to GI2 
Macrospecimen KI 
Microspecimens K2 and K3 
Fracture grain-size bar M 


Specimens Homogenized Only 


Macrospecimen Hi 
Microspecimens H2 and H3 
Fracture grain-size bar L 

Jominy bar J 


Fig. 2—Detail of sectioning of each 534x7-in. coupon. 


Numbers in paren- 


thesis are numbers of specimens directly below or behind the specimens shown 
in the drawing. 


Heat TREATMENT FOR | C. 


chosen for the notched-! 
a temperature range 60 
+ 75° F. The bars were 
the side facing the cer 
plate to include as m 
sound steel as possible 
cross section below the \ 
Testing temperatures {:om ()°} 
to —60°F. were obtain with 
mixture of commercial acetone nd 
dry ice. Specimens were held at th, 
testing temperature for a minimyp 
of 15 min. An interval of 5 sec. sli 
used between the time th: spec imen 
was removed from the bath and the 
time the hammer was permitted 
fall. To allow for heat absorption 
by the specimen during this }-, 
interval, the bath was under-cooled 
for the various temperatures as fo). 
lows: 
Undercool, °F. Testing Temperature, °} 


4iiT) 


2 0 
3 —20 
3 —40 
4 —60 


Duplicate test specimens wer 
broken at each of the testing tem- 
peratures. These duplicate speci- 
mens represented the cope and drag 
side of the plate. 

Besides the tests on the Charpy- 
type bars, two standard triple-notch 
Izod bars were tested at room tem- 
perature. These bars were cut from 
sections D and E shown in Fig. 2. 

Sections A, B, and C in Fig. 2 
were machined into standard 0.505- 
in. diameter, 2-in. gage length, ten- 
sile bars. These bars were tested 
with a load application rate of 5,000 
lb. per min. A Baldwin-Southwark, 
Templin type, automatic-recording 
extensometer was used to obtain 4 
stress-strain curve for determining 
the yield load at 0.2 per cent strain 

Cross-section macrospecimens, 
measuring the full length and width 
of the 36x36-in. plates, were taken 
from each of the five plates in the 
as-received condition. Smaller cross 
section macrospecimens were taken 
from each coupon after it had re- 
ceived its particular homogenizing 
treatment, and also after it had been 
quenched and tempered (KI and Hi 
bars in Fig. 2). 

All of the macrospecimens were 
etched in a solution of 50 per cent 
water, 38 per cent hydroch!« ric ac id 
and 12 per cent sulphur acid 
which was heated to 170 The 
time required to produce 4 
tory etch was about 30 mi 

Examination of the m: 
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Water Furnace Water Furnace 
nched - Final Draw - | ay ' ae Goaeee” “ean — Final Draw ;: fuenated Cooke 
hr aa rom Draw rom Draw Number n r = from Drau from Drax 
no TREATMENT—NONE | Homocenize, 6 ur. at 1850° F 
+8 | 1200 239 245 1-11 461 1 1200 255 250 
67 1 1200 250 230 2-11 454 3% 1200 259 245 
+1 “% 1250 252 240 3-11 444 /, 1250 250 245 
7 i, 1250 256 246 4-11 492 % 1250 248 249 
\4 Vo 1250 255 248 5-11 488 1 1250 256 245 
\7 / 95 . 94! 
1’ 143 “fy a6 242 Homocenize, 12 nr. at 1850° F. 
"7a Hom x, 2 HR. AT 1650 F. ; ‘ 989 9 
115 9 1150 250 241 1 4 435 . 1200 252 245 
er oo 3 1200 989 24] 2-4 415 2 1200 241 241 
‘ ‘ we “y, 1250 948 248 3-4 451 Vy 1250 255 255 
ig ae “+ 1950 557 949 4-4 514 % 1250 240 241 
t-2 on 980 250 om 5-4 451 1 1250 248 241 
45 4. a < 
. Hom oz. 6 ue. AT 1650° F. ee 2 HR - as “ me ~ 
57 1200 240 1-1 46 2 150 24. 
“a : 1150 = os 2-16 451 2 1200 252 245 
3-14 © 451 Vy 1250 253 245 3-16 454 Vy 1250 255 260 
99** 47] | 1250 257 255 4-23** 485 1250 253 253 
5-14 $77 | 1250 256 253 5-16 477 1250 245 240 
Homocenize, 12 HR. aT 1650° F. HoMocENizeE, 6 ure. aT 1950° F. 
2 #15 2 1150 250 241 1-10 448 1 1200 255 249 
2 +44 : 1200 259 241 2-10 406 1% 1200 240 248 
. = 72 1250 253 248 06 | 3.10 454 Vy 1250 255 242 
4-19°* 477 % 1250 257 246 | 410 503 %, 1250 245 249 
| 5-2 485 1250 246 241 | 5-10 467 i 1250 253 255 
HomocENIzE, 2 HR. AT 1750° F. oe MY 
| 118 461 , 1200 959 959 | Hemecamen, 12 ur. at 1950° F. 
. 2-18 444 2 1200 241 230 ee es : — 250 ate 
18 451 % 1250 250 ~ ee S.. eee RS a — _ 
; 4-18 485 V, 1250 255 245 oo 448 7a 1250 237 230 
h 5-18 488 % 1250 241 a - 454 a 1250 244 255 
| Homocenize, 6 ur. aT 1750° F | 3-5 #15 Ye 1250 246 245 
| 4.49 477 1 1200 259 256 HoMoceENizeE, 2 HR. aT 2050° F. 
12 444 2% 1200 241 248 | 1-15 481 1% 1200 252 249 
. 12 457 Vy 1250 256 246 2-15 385 2 1200 250 244 
' #12 471 Vy 1250 259 260 1. ag 464 Vy 1250 253 255 
12 477 1 1250 255 242 | 415 551 Ye 1250 248 242 
" HoMocENIzE, 12 ur. aT 1750° F. | 5-15 474 1 1250 255 241 
' ’ , oat ae a 255 | Homocenize, 6 ur. at 2050° F. 
ee ee 24 1-8 406 4 1200 241 243 
74 if, 1250 255 242 9.8 9 ° 9 
aan ° 2- 406 2 1200 253 242 
{ 526 Y% 1250 257 246 ee , p ster 
: 5 477 ' 1250 955 959 | 3-8 417 Vy 1250 255 255 
ni : 7 4-20** 467 Y% 1250 256 255 
rege 2 me. ae aes in on 5-8 467 1 1250 249 242 
0-17 448 3 1200 257 246 HomocEnizeE, 12 ur. at 2050° F. 
3-17 474 Vy 1250 255 244 1-6 415 1 1200 242 244 
$-24## 477 | 1250 255 244 2-6 411 2 1200 250 236 
5-17 481 Vy 1250 257 250 3-6 420 Vy 1250 249 255 
**Six coupons from No. 4 Plate are replacements for those which 4-6 448 Ya 1250 248 255 
were badly cracked after being quenched. These six replacements 5-6 444 % 1250 241 942 
were given a 1'4-min. water quench and an immediate draw of one ; ; . ; 
hour at 600° F. The value in the “‘As-Quenched Bhn.” column was “The first number is the plate number. The second number is 





obtained after this preliminary draw. 








Table 2 


TEMPERING TREATMENTS AND HARDNESSES 


OBTAINED ON ALL Coupons 
—Brinell Hardness No.- 





the coupon number. 





Brinell Hardness No 











ens taken from the material that 
had been quenched and tempered 
did not show anything that could 
not be seen in the as-homogenized 


macrospecimens, hence the quenched 











na ¢ ° 

nd tempered specimens were not 
photog? phed. 

Microspecimens were taken from 
ach plate in the as-received condi- 





tion from each coupon after 
u wgenizing treatment and 











after the quenching and tempering 
treatment. The specimens were se- 
lected to present a cross-section sur- 
face extending from the center to 
the cope side of the plates. 
Specimens taken from the various 
coupons after homogenizing were 
photographed at X 100 in the etched 
condition, at a spot ¥ in. below the 
cope surface. Only representative 
photographs of these specimens are 








illustrated in this report. Examina- 
tion of the microspecimens of the 
coupons after quenching and tem- 
pering showed so little variation that 
only the specimens that had received 
the most drastic homogenizing treat- 
ment and those that had received no 
homogenizing treatment were photo- 
graphed. 

Grain Size Determinations. The 
fracture grain-size bars (“M” bar in 














Table 3 
FRACTURE GRAIN SIZES’ OBTAINED ON WATER-QUENCHED Bars HEATED 


WITH THE Coupons To 1600° F. anp HELp 4 Hr. 


Homogenizing ——————_—— Homooge nizing Temperature, © F.—-— 
Time, hr. 1650 1750 1850 1950 2050 2250 
Pirate No. 1—Grain Size Berore HoMOGENIZING—6 
2 6% 6% 6% 642 6% 
6 6/2 6/2 62 6Y2 642 
12 6% 6% 64 6 6 7 
Pirate No. 2—Grain Size BeroreE HomMmoGENIzING—/7 
2 6 6 6% 6 6Y2 
6 6% 6 6 5% 6% 
12 6% 5” 62 6" 6% 6 
Piate No. 3—Grain Size Berore HomMoGEenizinc—5 2 
2 5-7 Mixed 5-7 Mixed 5-7 Mixed 5-7 Mixed 5-7 Mixed 
6 5-7 Mixed 5-7 Mixed 5-7 Mixed 5-7 Mixed 5-7 Mixed - 
12 5-7 Mixed 5-7 Mixed 5-7 Mixed 5-7 Mixed 5-7 Mixed 5Y, 
PLate No. 4—Grain Size Berort HomoGENIzING—7 
2 6 6 6 5, 6 
6 6% 6 52-64% 51 5 - 
12 62 6 5% 6 6 7-0 Mixed 
Pirate No. 5—Grain Size Berore HomoGeNnizinc—4 
2 22 3 24% 2 2% - 
6 22 2% 2&7 2&7 2% —- 
12 2 142 &8 2 2 2% 4), 
Table 4 


FRACTURE GRAIN S1zES OBTAINED ON END-QUENCH Bars 
(All bars quenched from 1600°F. after holding 20 min.) 


Homogenizing — ~t~——=—— i.e sae, - 
Time, hr. 1650 1750 1850 1950 2050 2250 

PLATE No. 1—Grain Size BerorE HOMOGENIZING—6 

2 7 6% 6 5, 5% - 

6 7 6 6% 6 6 — 

12 6 7 5 6 6 6 
Pirate No. 2—Grain Size BerorE HoMoGENIZING—6 

2 62 6 6 6 6 

6 6 6% 6 5% 5% -- 

12 6 5 51 5 7 6 
Pirate No. 3—Grain S1zeE BerorE HOMOGENIZING—7 

2 6 5’ 5 5 5 

6 5% 5 5 5 5 

12 5% 5 5 5% 5 6 
Pirate No. 4—Grain Size Berore HOMOGENIZING—7 

2 7 7% 7 6 6 

6 7% 72 7’, 7 6 — 

12 7 7 7 7 7% 7-0 Mixed 
Pirate No. 5—Grain Size Berore HoMoGENiIziInc—5 

2 5 5 4 5% 5 

6 4 4 + 4 4, oe 

12 4, 4 + 4% 4% 5 











Fig. 2) cut from each coupon were 
given the same treatment as the cou- 
pons, namely, 4 hr. at 1600° F., fol- 
lowed by a water quench. The frac- 
tures of the broken bars were com- 
pared with a set of Shepherd stand- 
ard fractures and the grain size 
rated. 


Exclusive of the data for the 
2250° F. homogenize, the results in 


Table 3 show that Plate 5 was the 
only plate to have a coarse austenitic 
grain size after holding for 4 hr. at 
1600° F. before water quenching. 
The steel in this plate was under- 
stood to have been deoxidized with 
silicon only. 

Plates 1, 2, 3, and 4 had a much 
finer grain size, ranging from No. 5 
to No. 7. Plate 3, which was under- 





Herat TREATMENT For ( 


stood to have been deox:. zed \:. 
an intermediate amoun 
num (under | Ib. Al pe: 
sistently showed a mixer 
of No. 5 and No. 7, ex 
coupons which receiv 
mogenizing treatment. This coyne 
had a grain size of No. 

Plates 1, 2, and 4 were under. 
stood to have been deoxidized wis} 
at least 2 lb. Al per ton. [t wil] }, 
noted that although the various hp. 
mogenizing treatments establisheg 
no noticeable trend in grain size. ¢h 
coupon which received no homogen. 
izing treatment had a tendency to. 
ward a finer grain size than th 
coupons receiving the treatment 
This trend is exhibited in Plates 2 
4, and 5. 

Further, steels from Plates |. ? 
and 4, deoxidized with a minimw 
of 2 lb. Al per ton, tended to hay 
a finer grain size than either ste 
from Plate 3, deoxidized with an 
intermediate aluminum addition, ; 
the silicon - deoxidized steel fro: 
Plate 5. The grain-size character. 
istics of the steel were in accordanc: 
with those expected from the de. 
oxidization practices employed 


Grain Size Changes 

Table 3 shows that the more no- 
ticeable changes in grain size result- 
ing from the 2250° F. homogenizing 
heat treatment took place in th 
coupons from Plates 3, 4, and 5 
The effect of this treatment on Plat 
4 is the most outstanding since it 
produced a mixed grain of Nos. 7 
and 0. The low grain-coarsening 
temperature indicated by this mixed 
grain is unusual for an aluminum- 
killed steel quenched from 1600°F 


Additional fracture grain-size bars 
(“L” bar in Fig. 2) were heated and 
quenched with the hardenability 
bars, but because of the difficulty in 
achieving the same rate of heating 
for these fracture grain-size bars that 
was obtained with the end-quench 
bars, and because of the dillerences 
in holding time, the grain size © 
the fracture grain-size bars did not 
always match the grain size found 
in the hardenability bars receiving 
a similar preliminary heat treat: 
ment. 

Herty and coworkers’ have dix 
cussed the effect of heating rate 00 
austenitic grain size. Their ork 1 
dicated that, in certain «stances, 


heating quickly through t!) ‘rans 
formation range increased aus- 























































Table 5 
END-QUENCH HARDENABILITY DATA 
Distance from Rockzwell Distance from Rockwell 
ae ell Queene) 7 aie at oi Rockwell Guene a, End att at 
a. al —(I1/ n. —_—- in. omo z — —— 6 in. r >in 
1/16 in. from Drop of 5 ‘Drop of 10 ug - er 1/16 in. from Drop of 5 Boo 10 = from 
“ Coupon Quenched Rockwell Rockwell Quenched Tempera- Time, Coupon Quenched Rockwell Rockwell Quenched 
No End — “~~ End ture, ° F. hr No End a “— End 
1950 2 3-16 49 9.1 13.7 a1Y, 
9 
N 1-9 30 £4 6.1 27 1950 6 3-10 48 94 144 30 
9 1-7 49 4.2 5.7 25 1950 12 3.5 481 8.6 12.8 31 
. 2. Sa “ae 2050 2 315 49 83 125 31 
| 1-2 49% . 7 2050 6 38 4 88 13.2 309/ 
" y 1-18 49 4.3 5.9 24 2050 12 3-6 48 8.5 12.9 30% 
‘ 1-12 49% 39 5.6 24/2 aon Lvs 
2250 12 3-19 48" 7.6 10.8 262 
- 8 gl, 4.6 6.6 27Y, r 
| ; * Pirate No. 4 
2 1-17 49\, 4.3 6.3 25% 
on 6 1-11 49 4.0 5.6 26 None None 4-9 581 22.0 28.0* 504% 
‘ 2 4 4842 4.9 6.5 25 1650 2 4-21 58 38.0 58 
9 ar 9 1-16 49 4.2 5.9 25% 1650 6 4-22 58 29.0 — 5142 
6 1-10 49 35 4.8 24 1650 12 4-19 58 28.0 37.0* 51 
12 1-5 49 3.6 5.1 25 1750 2 418 57% 24.0 32.0% 49% 
: 005 9 1-15 50 36 5.2 95 1750 6 4-12 58% 26.5 34.0* 502 
205 6 1-8 48 4.1 5.6 24, 1750 12 4-3 57 30.0 - 50% 
205 12 1-6 49 4.2 5.8 25 1850 2 424 58% 27.0 39.0% 51% 
295 19 1-19 48% 4.3 5.7 23 1850 6 4-11 58% 23.5 52 
. : 1850 12 4-4 58% 28.0 38.0* 51 
ee ood 1950 2 423 57% 53 Vs 
| None Nene 215 4078 = eS 1950 6 410 58 33.5 51, 
165 2 2-1 47 3.4 4.7 24 1950 12 4-5 57 36.0 52 
a a a a 20050 2 415 59 260 52s 
65 120 22 10 : 2050 6 420 58% 200 305* 51 
5 2 2-18 47 4.3 5.6 24 2050 12 4-6 59 26.5 524% 
75 5 2-12 47! . 4.5 5.9 24% 995 ‘ - _ , 
: . 2250 + a oy 20.0 481, 
79 12 2-3 45 3.6 5.0 2242 *Drop of 7 Rockwell ‘*C” 
185( 2 2-17 48 4.1 5.6 24 PLATE No. 5 
185 ) ). 7 2 V/, ; , 4 ‘ 
_ be a aon Me a a , None None 5-19 51% 7.7 10.0 31 
185 2 J7/2 ° . 
, . - , 1650 2 5-13 51% 7.8 11.2 31% 
5 ) 9. 9314 / / 
— . oy i os ~— . 1650 6 5-14 51 8.2 11.5 31 
z a . ; rs 1650 12 5-2 50 8.0 12.2 31 
205 12 2-6 46 4.2 6.0 23 
. 1750 2 5-18 51 8.1 11.3 31% 
— 2 eS - 17530 6 512 50% 80 2 31% 
| Prate No. 3 1750 12 5-3 50% 7.8 11.2 30 
| None None 3-9 49. 9.0 14.2 31% 1850 2 5-17 50 8.5 11.7 31% 
an / 1850 6 5-11 50 8.4 11.8 30 
165 2 3-1 4812 8.7 12.7 29 
148 ae ae a ae 1850 12 5-4 50 80 108 30 
1650 12 3-2 481% 8.5 12.6 28 1950 2 5-16 51 8.5 11.6 31% 
ars ‘are? oe a ae. ae 1950 6 5-10 50% 89 127 314, 
1750 6 312 49 78 11.7 30s 1950 12 5.5 50% 9.1 12.8 31 
75 12 3-3 49 8.9 13.5 31 2050 2 5-15 50% 8.5 11.6 31% 
‘ ™ , 2050 6 5-8 51% 8.7 11.8 31% 
B51 i - l Q} 7.8 0 9, 2 
185 6 sit ‘9 "8 13.0 31 ee a" 8 13 30% 
185 12 3-4 49% 8.8 13.4 31 2250 12 5-20 51 9.5 13.0 29% 
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enability 
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close f 


fractuy 


grain size, depending upon 

wticular deoxidization practice 
vas used on the steel. 

obtain correct values for the 

size of the end-quenched hard- 
bars, they were deeply cut 

the quenched end and frac- 
the martensitic zone. These 
were than rated for the 

re of the bar (Table 4). 

i the exception of Plates 3 











and 5, the grain sizes in Tables 3 
and 4 check closely. In Plate 3 the 
short holding time of 20 min. for 
the end-quench test (Table 4) was 
not sufficient to develop the mixed 
grains found after 4 hr. at tem- 
perature (Table 3). A similar ex- 
planation can be advanced for the 
differences in grain size of Plate 5 
after the two treatments. In neither 
table is there an apparent trend in 








grain’ size resulting from the ho- 
mogenizing heat treatments. 

No great difference exists in the 
effects of the 2250° F. treatment as 
compared with the other homogeniz- 
ing treatments, except in the case of 
Plate 4 where the mixed grain of 
Nos. 7 and 0 is again evident. 

Hardenability Properties. The 
hardenability properties were investi- 
gated by means of end-quench tests, 


| 
| 
| 
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PLATE | 


DISTANCE FROM QUENCHED END (SIXTEENTHS OF AN INCH) 
a 7 ' 


PLATE 2 — 


HARDNESS , ROCKWELL “"C” 





DISTANCE FROM QUENCHED ENO (SIXTEENTHS OF AN INCH) 
4 6 7 ' 


























PLATE 3 





HARONESS , ROCKWELL “c” 
$ 
| 
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DISTANCE FROM QUENCHED END (SIXTEENTHS OF AN INCH) 
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Fig. 3—(Continued on opposite page). 


and cross-section hardness surveys 
made after quenching and temper- 
ing. The end-quench bars were the 
standard 3-in. long, 1l-in. diameter 
bars. They were placed in pro- 
tective graphite crucibles and heated 
to 1600°F. in 20 min. After hold- 
ing for 20 min. at temperature, the 
bars were end-quenched, using the 
standard procedure. 

The hardenability data are given 
in Table 5 by tabulating the hard- 
ness at 1/16 in. from the quenched 


end, the distances for a drop of 5 
and of 10 Rockwell “C”, and the 
hardness at 2% in. from the 
quenched end. This tabulation of 
hardenability data in Table 5 per- 
mits a quantitative comparison of 
the results from each plate for each 
heat treatment. 

It is obvious from Table 5 that 
homogenizing has not effected any 
change in the depth-hardening prop- 
erties of the steels; within the lim- 
its of error, all of the bars from each 


Heat TREATMENT For | C1. 


steel have the same h 
regardless of the homog: 
or temperature. 

Figure 3 shows the ran 
enability for each of the 


after the various homogen’:ing he», 
treatments. In no case is this rang 
broad, another indication that th 
homogenizing treatment ha: had a. 


influence on hardenability 

The hardenability curves of th 
unhomogenized bars (and the ban 
homogenized at 2250° F. for 12 hr 
are also plotted in Fig. 3. The solig 
lines are the curves for the steel: 
after homogenizing at 2250°F, fo, 
12 hr., while the dashed lines are 
for the unhomogenized bars. Th, 
curves for the unhomogenized bar; 
generally fall near the upper part of 
the range of the homogenized speci. 
mens. 

It may be questioned whether 
this slight tendency toward higher 
hardenability on the part of the un- 
homogenized specimens was great 
enough to be significant. However. 
Parke and Herzig® have reported 
two instances where homogenization 
did result in lowered hardenability 


Hardenability Ratings 

Hardenability of Plate 5 is in- 
creased somewhat by the 2250°F 
homogenization heat treatment, but 
the hardenability ratings of | the 
specimens from the other plates 
given the same treatment fall with- 
in the range estabished by the other 
homogenizing treatments. The hard- 
enability curves show Plate 4 to be 
of the air-hardening type. The 
others have considerably lower hard- 
enability properties. 

The “I” block (Fig. 2) was used 
to reveal the total effect of quench- 
ing and tempering on the hardness 
distribution through the cross sec- 
tion of each coupon. These hard- 
ness distribution curves are plotted 
in Figs. 4 to 8, and the tables op- 
posite the corresponding curves lis 
the pertinent heat-treating data and 
surface hardness of each coupon. 

No correlation can be made be- 
tween the homogenizing treatments 
and the cross-section hardness sur- 
veys because the cross-sectiona! hard- 
ness appears to be influenced more 
by the position of the coupon in the 
original plate than by the homoge? 
izing heat treatment. The cross 
section hardness surveys inste:< give 
a picture of the hardness «istribu- 
tion which is characteristic that 
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e section was re- 
so provide a means 
ore accurately the 
test bars which were 

the coupons. 

Not ate 1 (Fig. 4 

Plate 2 (Fig. 5) a 

hile Plates 3, 4, and 

| and 8) have fairly 
t may be deduced that 

2. since the harden- 
Fig. 3) them 
iderably lower harden- 
the rest of the plates, 
thoroughly hardened to 
nd that the tempering 

lid not completely even 

rences in hardness from 
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enter. 


that 


unusual Plates 1 
not harden fully since 
on submerged spray quenching 
work have shown that 
rate at the center of a 
n. plate is equivalent to that at 
16 in. from the quenched end of 
end-quench bar. Figure 3 shows 
t both Plates 1 and 2 had low 
rdnesses at this point. 
Low - T¢ Notched - Bar 
\ property required for cer- 







mperature 


—. 
ipl 


ations is ability to with- 





stand shock, not only at room tem- 
but under subzero condi- 
For this reason, a 
study of the toughness of the five 

ls as affected by the various ho- 
heat treatments 


ide a part of the research work. 


ratures 





as well. 







genizing was 






Low-Temperature Properties 

Closely allied with the study of 
the 
problem of temper-brittleness sus- 
eptibility, which is a latent factor 
vhenever alloy steels are used after 
and drawing. Temper 
brittleness is manifested by a loss in 
toughness after.a tempering treat- 
ment which is followed by slow cool- 
ng to room temperature. It can be 
repressed by rapid cooling after tem- 


PTIN 






w-temperature properties is 







uenching 










position; the use of molybdenum is 
fective in this respect. 

The study of temper-brittleness 
‘susceptibility was incorporated with 














the determination of low-tempera- 
‘ure toughness by preparing dupli- 
ate sets of test bars, one set being 
laken from a portion of the coupon 
that had been water quenched after 
tempering and the other set from 
another portion that was furnace 
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ol! 2 3 3 SS ? ££ ee i) 2 3 w 
—— 12-hr. homogenize at 2250° F. 
- - - No homogenizing treatment. 
Quenching temperature, 1600° F. for all plates 
Plate Sol. Grain 
No. Cc Mn Si P S$ Cr Ni Mo Al Cu Size 
I 27 1.50 44 .020 023 32 .05 16 .02 17 6 
2 .23 1.24 36 033 .028 29 08 Al .05 13 6 
3 25 0.96 55 .030 046 7 44 Al .05 18 6-7 
4 40 1.69 7 022 022 10 .04 Al 09 .25 7* 
5 32 0.86 34 046 .038 54 44 37 ol 18 5 


*Grain size was 7 and 0 after 2250° F. homogenize. 


Fig. 3 


Range of hardenability for each of the five 


steels after the various 


homogenizing heat treatments. 


cooled at the rate of 100 to 115° F. 
per hr. after the final draw. 

Originally, air cooling after tem- 
pering had been planned for use in 
revealing temper brittleness, because 
air cooling is common practice in 
the industry. However, a test on a 
pilot coupon proved that there was 
little difference in the toughness of 
the steel at low temperatures, 
whether water quenched or air 
cooled. This is shown by the curves 
in the left-hand graph in Fig. 9. 





Furnace cooling rather than air 
cooling was therefore resorted to in 
an attempt to show up temper brit- 
tleness. The curves in Fig. 9 for the 
furnace - cooled specimens indicate 
that furnace cooling caused an ap- 
preciable reduction in toughness at 
sub-atmospheric temperatures. These 
results led to the adoption of fur- 
nace cooling instead of air cooling 
for all the coupons. 

Actually, furnace cooling of the 
relatively small test coupons at the 
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CROSS SECTION OF PLATE, 1/18" IITs 


Homogenizing 
Treatment, Quenched Treatment, 


Coupon 
No. Hr 


1650° F. Homogenize 


1-9 None 

1-7 2 1650 
1-14 6 1650 
1-2 12 1650 


1750° F. Homogenize 
1-18 2 1750 
1-12 6 1750 
1-3 12 1750 


1850° F. Homogenize 
1-17 2 1850 
1-11 6 1850 
1-4 12 1850 


1950° F. Homogenize 
1-16 2 1950 
1-10 6 1950 
1-5 12 1950 


2050° F. Homogenize 
1-15 2 2050 
1-8 6 2050 
1-6 12 2050 


Heat TREATMENT For 


As- Drawing 
As-Drawn 
Bhn. Hr. °F. Cope OC 


448 


415 


457 
415 


46! 
477 


451 
461 
435 


467 
448 


48! 


406% 


415 


N—nN— 


——wpw 


1200 
1150 
1200 
1150 


1200 
1200 
1200 


1150 
1200 
1200 


1150 
1200 
1200 


1200 
1200 
1200 


242 
250 


259 


248 
257 
244 


256 
245 
224 


241 
250 
239 


241 
231 
246 


24 — 


248 


253 — 
244 ~— 
245 


245 ve 
232 _ 
236 


239 — 
234 —-.— 
229 


Fig. 4—Effect of homogenizing treatments on the hardn 
distribution within the cross section of quenched and dra 
coupons from Plate No. 1 
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Cc 
CROSS<4FCTIOW OF “LATE, 1/16° UNITS 


Homogenizing As- Drawing 
Coupon Treatment, Quenched Treatment, As-Drawn Bhn. 
No. ~~ Pe, Bhn. °F. Cope Drag Code 
1650° F. Homogenize 
2-13 None coe 1250 245 253 --— 
2-1 2 1650 45! 1200 232 255 -- 
2-14 6 1650 391 1150 269 250 — 
2-2 12 1650 age 1250 252 248 
1750° F. Homogenize 
2-18 2 1750 444 1200 232 217 = 
2-12 6 1750 444 1200 256 241 —-- 
2-3 12 1750 432 1200 255 219 
1850° F. Homogenize 
2-17 2 1850 448 1200 255 246 — 
2-11 6 1850 454 1200 24! 235 —_-— 
2-4 12 1850 415 1200 245 229 
1950° F. Homogenize 
2-16 2 1950 467 2 1150 253 215 —_— 
2-10 6 1950 406 1% 1200 255 229 —-— 
2-5 12 1950 426 2 1200 242 237 
2050° F. Homogenize 
2-15 2 2050 385 1200 255 234 —_ 
2-8 6 2050 406 1200 242 250 —_-- 
2-6 12 2050 411 1200 240 226 
Fig. 5—Effect of homogenizing treatments on the | ardnes 


distribution within the cross section of quenched a 


coupons from Plate No. 2 


drawn 
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CROSS SECTION OF PLATE, 1/16° Units 


RocKw 


HAPONES 


Homogenizing As- Drawing 

Coupon Treatment, Quenched Treatment, 

No. Hr. “- Bhn. Hr. F. 
1650° F. Homogenize 

3-9 None 477 vy —*1250 

3-1 2 1650 451 '% ~ 1250 

3-14 6 1650 45! \/y 1250 

3-2 12 1650 454 \/y 1250 
1750° F. Homogenize 

3-18 2 1750 45! ¥, 1250 

3-12 6 1750 457 'A 1250 

3-3 12 1750 474 ' 1250 
1850° F. Homogenize 

3-17 2 1850 474 1250 

3-11 6 1850 444 Vy 1250 

3-4 12 1850 451 Vy 1250 
1950° F. Homogenize 

3-16 2 1950 454 |, 1250 

3-10 6 1950 454 |), 1250 

3-5 12, 1950 448 14 1250 
2050° F. Homogenize 

3-15 2 2050 464 '% ~~ 1250 

3-8 6 2050 417 \, 1250 

3-6 12 2050 420 '~A 1250 


Cope 


248 
252 
260 
255 


24! 
245 
245 


24! 
24! 
235 


255 
244 
248 


259 
248 
255 


As-Drawn Bhn. 


Drag 


217 
241 
237 
224 


239 
242 
234 


245 
250 
245 
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Code 


Fig. 6-—Effect of homogenizing treatments on the hardness 
distribution within the cross section of quenched and drawn 


coupons from Plate No 
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CROSS SECTION OF PLATE, 1/16° Units 








HARONESS, ROCKWELL ‘CT’ 


Homogenizing As- Drawing 

Coupon Treatment, Quenched Treatment, 

No. Hr. °F. Bhn. Hr. we 
1650° F. Homogenize 

49 Non» 514 % 1250 

4-21 2 1650 485* | 1250 

4-22 6 1650 47\* ! 1250 

419 12 1650 477° % 1250 
1750° F. Homogenize 

4-18 2 1750 465 ¥% 1250 

4-12 6 1750 471 iy 1250 

4-3 12 1750 526 % 1250 
1850° F. Homogenize 

4-24 2 1850 477* 1 1250 

4-11 6 1950 492% 1250 

4-4 12 1850 514 % 1250 
1950° F. Homogenize 

4-23 2 1950 465° | 1250 

4-10 6 1950 503 % 1250 

4-5 12 1950 454 |, 1250 
2050° F. Homogenize 

4-15 2 2050 551 1250 

4-20 6 2050 467* % 1250 

4-6 12 2050 48 «|; 1250 


246 
256 
269 
256 


255 
255 
255 


257 
241 
223 


255 
241 
242 


240 
246 
241 


As-Drawn Bho. 


Front Back 


252 
255 
255 
248 


Code 


*Hardness value of these replacement coupons were taken after a one-hour 


draw at 600° F. 


Fig. 7—Effect of homogenizing treatments on the hardness 
distribution within the cross section of quenched and drawn 
coupons from Plate No. 4. 
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ROCKWELL °C* 


HARDNESS, 


CROSS SECTION OF PLATE, 1/16*° UNITS 


wate of 100 to 115°F. per hr. is 
probably a close approach to the 
cooling speed of full-size (2-in.) sec- 
tions cooled in air under industrial 
conditions. Thus, it would seem 
that the data on the furnace-cooled 
specimens are more nearly repre- 
sentative of operating conditions 
than those from air-cooled coupons. 

Since some coupons had already 
been air cooled from the tempering 
temperature before tests on the pilot 
coupon were completed, it was nec- 


AIR COOLED, 
REHEATED AND 
FURNACE COOLED 


1-7 
2 HR HOMOGENIZE AT 1650°E 


V-NOTCH CHARPY IMPACT VALUE, FT -Les 


-@ -40 -20 © +20 +40 +60 +80 +100 








Homogenizing 


No. Hr. °F. 


1650° F. Homogenize 
5-19 None 
5-13 2 1650 
5-14 6 1650 
5-2 12 1650 


1750° F. Homogenize 
5-18 2 1750 
5-12 6 1750 
5-3 12 1750 


1850° F. Homogenize 
5-17 2 1850 
5-11 6 1850 
5-4 12 1850 


HARONESS, ROCKWELL °C’ 


1950° F. Homogenize 
5-16 2 1950 
5-10 6 1950 
5-5 12 1950 


2050° F. Homogenize 





5-15 2 2050 
5-8 6 2050 
5-6 12 2050 


essary to ascertain whether or not 
reheating of these air-cooled speci- 
mens to the tempering temperature 
followed by furnace cooling would 
in any way change the toughness 
values. 

A glance at the two sets of curves 
in Fig. 9 discloses that reheating to 
the tempering temperature and 
then furnace cooling gives results 
that are in every way comparable 
to those obtained after furnace 
cooling directly from original draw. 


COUPON 1-13 
2 HR. HOMOGENIZE AT 1650°F 





-60 -40 -20 0 +B +40 +60 +80 +100 


TEST TEMPERATURE ,DEG F 


Heat TREATMENT FOR ( <7 Sp 


Coupon Treatment, Quenched Treatment, As-Drawn & 


As- Drawing 

Bhn. Hr. °F. Cope OD, Code 
507 1% 1250 252 2 - 
495 | 1250 255 2: pi 
477 | 1250 262 ~~ 2: ai 
4985 | 1250 247 2 i 
488 ¥Y% $1250 241 ~~ 23 — 
477 | 1250 244 235 _. 


477 ! 1250 246 242 


481 |, 1250 252 226 — 


488 I 1250 253  ———— 
451 | 1250 231 iawn 
477 I 1250 241 246 ~ = 


467 ! 1250 252 2000 
415 % 1250 244 ae 


474 | 1250 242 242 — 
467 | 1250 245 232 er 
44 1250 231 aes 


Fig. 8—Effect of homogenizing treatments on the hard: 
distribution within the cross section of quenched and draw; 


coupons from Plate No. 5 


The Charpy-type bar was chosen 
for the low-temperature notched. 
bar tests because it can be placed in 
the impact testing machine mor 
rapidly than the Izod bar. A \- 
notch rather than a keyhole notch 
was used; however, because the \- 
notch, by giving a wider numerical 
spread in values, appears to be mort 
sensitive to changes in the toughnes 
of the steel, and thus would accen- 
tuate the location of a temperature- 
sensitive range if one were present 

Charpy results for the low-tem- 
perature tests are shown in Figs. |! 
to 14, which are plotted to show the 
effect of the homogenizing temper 
ture. Each point represents the av- 
erage of two tests. 

Considering the effects of both 
time and temperature on steels wat: 
er quenched from the tempering 
temperature, comparison of the re- 
sults presents no evidence that an) 
one homogenizing heat treatment de- 
velops superior properties. Neither 
there evidence of a trend in that di 
rection. Furthermore, the position 0 
the notch toughness-te: ny perature 
curve for the unhomogenized spec 


‘Fig. 9—Effect of cooling rate from 
the tempering tempera'ure 0” 
notched-bar toughn< 
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6-HR. HOMOGENIZATION 











1850 F. 
© WATER QUENCHED FROM THE DRAW TEMPERATURE 
| *% FURNACE COOLED FROM THE DRAW TEMPERATURE 
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1650 F. 














12-4R. HOMOGENIZATION 








2250 F. 


a ete ee 


2050 F. 








30 64600 —s«¥ OHO -30 0 3 +6 +90 «= -6 
TEST TEMPERATURE, °F. 
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Fig. 10—Plate No. 1—Effect of homogenizing temperature on V-notch Charpy values. 





Fig. 11—Plate No. 2—Effect of homogenizing temperature on V-notch Charpy values. 
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Fig. 12—Plate No. 3—Effect pf homogenizing temperature on V-notch Charpy values. 





Fig. 13—Plate No. 4—Effect of homogenizing temperature on V-notch Charpy values. 
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Plate No. 4—Effect of homogenizing tem- 
rature and time on tensile properties. 
ate uncertain values because of porosity in bar. 


cases falls within the 


e of the homogenized bars, sug- 
sting that homogenizing has not 


in 


tch toughness. 
In general, the same conclusions 
n be drawn with regard to steels 


+ 
4 


the normal 


concluded 


any 


improvement 


scatter 


that 


in 


furnace cooled after tempering. For 
Steels 2 and 4, the longer holding 
times appear to bring the room- 
temperature values closer to those 


ior the water-quenched specimens, 


in results 


may make this more a matter of 
nance than an actuality. 


It can 


homogenizing 
t treatments, in the case of the 
steels examined, have not no- 


ibly improved the notch tough- 


r reduced the tendency to- 


ward temper brittleness. 


It would be expected that if 


\ 


hr 


more 
LUTE 


+ 


homogenization heat treatments af- 


lect 


t the notched-bar properties, the 


most 


lrastic treatment used, i.e., 


at 2250° F., would show a 


vious trend than the others. 
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Thus, it might be expected that if 
the 2250°F. treatment improved 
the notched-bar properties, there 
would be some evidence of this ef- 
fect in the data. Figure 15 was con- 
structed to examine this point. The 
shaded areas in this figure represent 
the range of values obtained from 
coupons which had received the va- 
rious homogenizing heat treatments 
excepting that at 2250° F. 

The curves within these shaded 
areas give the test results on the 
bars homogenized 2250°F. for 12 
hr. Since these curves generally fall 
within the shaded areas and are not 
restricted exclusively to either the 
top or bottom portions, it can be 
concluded that the homogenization 
at 2250° F. has not noticeably af- 
fected the notched-bar properties. 
This holds for both the water- 
quenched and furnace-cooled por- 
tions of the coupons. 

Figure 16 represents the temper- 
brittleness susceptibility more clear- 
ly than do the preceding ten curves. 


perature 
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Fig. 21—Plate No. 5-—Effect of homogenizing tem- 


and time on tensile properties. 






In Fig. 16 the points obtained by 
averaging all of the values for any 
one testing temperature are plotted. 
Notable differences in temper-brit- 
tleness susceptibility and low-tem- 
perature toughness in the five steels 
are evident in Fig. 16. For instance, 
Steels 2 and 4 show the least tend- 
ency toward temper brittleness, and 
Steels 3, 4, and 5 have the highest 
Charpy values at the lower tempera- 
tures. 

The ability of molybdenum to re- 
press temper brittleness is at least 
partially indicated by the results of 
the Charpy tests. The two steels, 2 
and 4, having the lowest susceptibil- 
ity also have the highest moly- 
bdenum contents. The other three 
steels all contain molybdenum and 
show little sign of loss of toughness 
from temper brittleness at room 
temperature, but at lower tempera- 
tures the brittleness develops. This 
information suggests that moly- 
bdenum may act merely to shift 
temper brittleness to lower tempera- 
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Table 6 
AVERAGES OF TRIPLE-Notcu Izop Tests 
Mave At Room TEMPERATURE 
on Izod Impact Values, ft.-lb.—— — 
Time at Plate Plate Plate Plate Plate 
Temperature, hr. No.1 No. 2 No.3 No. 4 No. 5 
HOMOGENIZATION— NONE 
None 49% 57 58% 53 55% 
HOMOGENIZATION AT 1650° F. 
2 51 58 58 51 49 
6 52 53% 57 48 54 
12 46. 54 50 49 52 
HOMOGENIZATION AT 1750° F. 
2 52 57' 56% 51 51 
6 55 54 5614 50 5204 
12 53 55% 591% 56 
HOMOGENIZATION AT 1850° F. 
2 481, 56 57 , 52 
6 51 53 54 52 55 
12 52 57 62% 54 60 
HOMOGENIZATION AT 1950° F. 
2 49 62 57 51 58 
6 52 57 65 53 57 
12 56 55 52 55 491, 
HOMOGENIZATION AT 2050° F. 
2 53 56 56% 51 57% 
6 53 57 51 53 57 
12 51 53 59% 53 49 
HOMOGENIZATION AT 2250° F. 
12 55 51 542 49, 491, 











tures rather than entire repression. 
Figure 16 shows that the five 
steels have about the same room- 
temperature Charpy values. It will 
be remembered that Plates 1 and 2 
were too low in hardenability to 
harden throughout the cross section. 
It would be expected that this lower 
hardenability would result in low- 
ered notch toughness values, since 
best results with this property are 
obtained after a full quench and 
temper. Apparently, the specimens 
were taken from metal sufficiently 
close to the surface to avoid the 
semihardened areas of Plates 1-2. 
Room-Temperature Izod Tests. 
The average of two triple-notch 
Izod bars for each steel and heat 


treatment are given in Table 6. 
Neither a variation in homogeniz- 
ing time nor temperature has pro- 
duced any significant change in 
room-temperature Izod values. The 
values closely obtained from the 
V-notch Charpy bars tested at room 
temperature. 

Tensile Properties. The properties 
determined by the tensile test were 
quite frequently lowered by porosity 
or blowholes in the test specimens. 
This is apparent from the occasion- 
ally erratic curves in Fig. 17 to 21 
wherein the tensile properties are 
plotted against homogenizing tem- 
perature. It should be recalled that 
the test coupons were drawn to 240 
to 260 Brinell hardness, and presum- 
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ably the tensile values 
quite similar in all cas 

In several of the figu 
pears that homogenizing has },, 
some effect on the tensil¢ ; 
but it is believed that th 


ship is merely a coincidenc® sings 
thorough study revealed ls 
connection between tensile proper. 
ties and location of the specimens j 
the original plate than between tep. 
sile properties and homogenizing 
heat treatment. The variations » 
soundness throughout the casting; 
discussed later, certainly were larg: 
enough to account for some differ. 


ences in properties. 

The elongation and reduction 
area data given in Figs. 17 to ? 
bring out the fact that Plates | and 
4 on the whole are less ductile tha 
the other three plates, with Plate 4 
the least ductile of the two. Ther 
are two likely causes for ‘the de- 
ficiency in the case of Plate 4 
unsoundness, as brought out 
deep-etch tests, and its higher car. 
bon content (Table 1). 

Less evidence of unsoundness in 
Plate 1 is shown, but closer exami- 
nation revealed a finely distributed 
porosity or unsoundness that is like- 
ly the cause for low ductility in this 
plate, since its carbon content was 
not excessively high. It will be noted 
that the room-temperature notched- 
bar values for Plates 1 and 4 wer 
also slightly, although insignificant. 
ly, lower than those of the other 
three plates. 

The inclusion distribution is an- 
other factor which controls ductility 
in cast steels, but it is fairly evident 
from an examination of the inclu- 
sions that they are not involved ir 
the low ductility of Plates | and + 
The results of the inclusion stud 
are discussed more fully in a later 
section. 


(Part 2 Begins on Next Page 
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\LLOGRAPHY. 


The pho- 


Fig. 22 show the as-re- 


structure ol 


a full cross 


nding from edge to edge 


through the center, of 


s are shown fo! 


where the 


fore their removal. 


five 36x36x2-in. plates in- 
[wo such sections taken 


Plates 


rographs of Plates 2, 3, 


risers were 


The 


nder the risers is mottled 
in other parts of the plate 


Plates 2 and 3 exhibit 


weakness” 


the risers. 


in 


in the areas 


Fig. 23 


of inclusions and typi- 
microstructures found in 

five test plates. 
inclusion rating for each 
rding to Sims and Dahle’, 


The 


Inclusion Type 


III 
III 


I and II 


icrostructures 


of the 


III 
I 
five 


re typical cast structures. A 


examination of 


DNS Tet 


i 


the 


micro- 


resenting the structures of 


ind 4 will show a decided 
ne at the primary austenite 
boundaries. In 
of grain boundary has been 


] 


with 


steels 


some 


cases 


containing 


However, chemical analyses 
t the boron content of these 
negligible; therefore, these 


grain 


boundaries 
of something other than 


must be 


24 and 25 show the ma- 


ure of each of the coupons 
tes 1 and 2 after they had 


their particular homogeniz- 








ing treatment. In both plates the 
dendritic 
sharp with successive increases in 
temperature and holding time. This 
effect was typical of that noted in 
all the plates. 


structure becomes less 


Figures 26 and 27 indicate that 
homogenizing treatments have a 
tendency to make the microstructure 
more uniform in the as-homogenized 
condition. This effect was noticed in 
Plates 1, 2, 4, and 5; relatively lit- 
tle change occurred in the structure 
of Plate 3. 

In general, the change in struc- 
ture consists of changing the ferrite 
from equiaxed, polyhedral grains to 
acicular ferrite, and of making its 
distribution more uniform. In the 
case of Plate 4 the general structure 
is not changed appreciably; how- 
ever, the areas of high alloy segre- 
gation, such as the one shown in 
Fig. 28, are somewhat equalized. 

In this respect the improvement 
obtained from homogenizing at 
2250° F. is illustrated by Fig. 29. 
These areas of high alloy segregation 
usually contained quenching cracks 
when the steel received a quenching 
treatment after little or no homo- 
genization. However, prolonged ho- 
mogenizing treatments seemed to 
break down the carbides and equal- 
ize the composition so that no cracks 
occurred on quenching. 

Figure 30 shows the microstruc- 
ture of the unhomogenized coupons 
of the five plates in the quenched 
and tempered condition, in contrast 
with the microstructure of coupons 
receiving the 12-hr. treatment at 
2050°F. prior to quenching and 
tempering. A comparison of these 
photomicrographs shows that, in 
general, there is no improvement in 
microstructure. 


It can be concluded that in some 
cases where high alloy contents are 
encountered, homogenizing as ordi- 
narily practiced may improve the 
microstructure, but in relatively low 
alloy steels no benefits (to micro- 


structure) are gained. 


High Alloy Concentration 

Examination of the specimens 
homogenized at 2250° F. for 12 hr. 
substantiated the conclusions reached 
from the other specimens; namely, 
that homogenizing treatments have 
no effect on the microstructures of 
quenched and tempered specimens, 
except in higher alloy steels contain- 
ing areas of high alloy concentra- 
tion. When such areas are encoun- 
tered in the as-cast steel, they are 
effectively diffused by a prolonged 
high-temperature treatment such as 
the 12 hr. at 2250°F. used in the 
present case. 

Quench Cracking. It was noted 
earlier in this paper that Steel 4 
tended to crack during quenching 
unless special precautions were tak- 
en. The problem of quench cracking 
was made the subject of considerable 
study in another phase of the re- 
search work sponsored by the Office 
of Scientific Research and Develop- 
ment. 

As a result of this work, valuable 
information regarding the relative 
importance of a number of variables 
influencing quench cracking was ob- 
tained. Although the subject is too 
voluminous to be discussed here, 
those results pertinent to the present 
investigation are worth noting. 


As might be expected, carbon was 
found to be a potent element con- 
trolling quench cracking, the inci- 
dence of cracking increasing mark- 
edly with the carbon content. This 
would account for the difficulty ex- 
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Plate | 
Vertical 


Plate 2 
Vertical 


Plate 2 


Horizontal 


Plate 3 
Vertical 


Plate 3 
Horizontal 


Plate 4 
Vertical 


Plate 5 
Vertical 


Plate 5 
Horizontal 


Fig. 22—Full section macro survey of each plate. See Fig. 1 for location of th 
in each coupon. 
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X100. 


Unetched. 


Bottom row—Typical microstructures of each of the five plates in the “as received” con- 


Fig. 23—Top row—Typica! inclusions of each of the five cast plates. 
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th Plate 4, which was 
bon than the rest of 
is work also showed 
yenizing treatment at 
} hr. was effective in 
nch cracking. 


Quenching Temperature 

Furt! re, less cracking was ex- 
e lower the quenching 
a used during a harden- 
as t nt. Although pretreat- 
form of a high-tempera- 
nization was found to 
il, almost equivalent re- 
btained by extending the 
ne at the austenitizing 


temperature during the quenching 
reatm consequently, the true 
worth homogenization from the 
standpoint of reducing quench 
rackin is difficult to evaluate. 
General Discussion. The general 
mpression gained from a review of 


all the data is that the various 
homogenizing treatments were on a 
par in their effect on the properties 
of the five steels under consideration. 
Furthermore, there was no direct 
evidence that homogenizing bene- 
fied the mechanical properties or 
hardenability. 

Most of the data which suggested 
that homogenizing was helpful were 
ontained in the study of micro- 
structure and quench cracking. It 
was shown by the microstructural 
study that in four out of the five 
steels, heterogeneity in the as-homo- 
genized structure was broken up by 
using the higher temperature or 
longer holding times. 

It was also apparent that in the 
case of Plate 4, which was of high 
hardenability, the more drastic 
homogenizing treatments broke up 
areas of alloy segregation and re- 
duced the number of quench cracks. 
Despite this equalizing effect of the 
homogenizing heat treatment on the 
microstructure of the air-cooled spe- 
imens, this effect was not apparent 
in the quenched and tempered struc- 
tures, and it was not possible to dis- 
tinguish between unhomogenized or 
drastically homogenized quenched 
ind tempered steel. 


Segregation Type 

Strictly speaking, heat treatments 

in the temperature range from the 
ritical to about 2000° F. may not 
actually “homogenize” the structure. 
The segregation that occurs in cast 
steels is of the dendritic type, and 











the little evidence in the literature 
concerning this type of segregation 
leads to the conclusion that exces- 
sively high temperatures—in the 
neighborhood of 2300° F.—are ne- 
cessary before an appreciable degree 
of homogeneity is attained. 

Parke and Herzig’, for instance, 
held a rolled steel at 2310°F. for 
80 hr. to eliminate the bands origi- 
nating from the original dendritic 
structure. Davenport* held various 
steels at 2200° F. to 2250° F. for 40 
hr. to achieve homogeneity. A die 
block showing signs of segregation 
was given a fivefold increase in duc- 
tility by homogenizing for 10 hr. at 
2200° F., or for 7 hr. at 2300°F.°. 
Segregation was still evident after 
these heat treatments. A treatment 
of 16 hr. at 2000° F. was complete- 
ly ineffective in improving prop- 
erties. 

From the limited amount of in- 
formation available, it appears that 
a homogenizing temperature of 
about 2200°F. is the minimum 
which can be expected to be effec- 
tive in dissipating dendritic segre- 
gation, and that, even then, many 
hours at temperature are necessary. 


Conclusions 

In the five steels used for this 
investigation, it was found that: 

1. Homogenizing treatments ex- 
erted no obvious influence on the 
austenitic (fracture) grain size. In 
general, a finer grain size was es- 
tablished in the coupons receiving 
no homogenization than in those 
which were homogenized. 

2. Within the limits of error of 
the test, the hardenability of each 
steel remained the same regardless 
of the homogenizing time or tem- 
perature. The hardenability of the 
unhomogenized specimens generally 
tended toward the highest harden- 
ability displayed by any of the speci- 
mens. These results were obtained 
on steels that varied in hardenabil- 
ity from air-hardening to fairly shal- 
low-hardening properties. 

3. The two steels with the lowest 
hardenability rating did not harden 
fully across the 2-in. section. 

4. Considering the effects of both 
time and temperature during the 
homogenizing treatment, no differ- 
ence in low-temperature notched- 
bar properties could be discerned. 
Unhomogenized steel was not in- 
ferior to homogenized steels in notch 
toughness. 





5. Temper brittleness exists to a 
characteristic degree in each of the 
steels and is not affected by homo- 
genization. 

6. The data suggests that the 
function of molybdenum may be to 
move the range of temper brittleness 
to lower temperatures rather than 
to repress the brittleness entirely. 

7. The notched-bar values for all 
of the steels were about the same 
at room temperature. 

8. Homogenizing had no effect on 
tensile properties. The ductility of 
two of the steels was inferior, but 
this appeared to be caused by un- 
soundness in the casting rather than 
by any other factor. 

9. No effect of homogenizing was 
observed in the microstructure of 
quenched and tempered specimens; 
however, the more drastic homo- 
genizing treatments reduced the 
heterogeneity in the as-homogenized 
microstructures of four out of five 


steels. 


Dendritic Pattern 

These treatments also reduced the 
sharpness of the dendritic pattern 
on macro-specimens. All but the last 
traces of the dendritic structure were 
removed by the 2250° F. treatment, 
and segregated areas in the higher 
alloy steels were successfully dif- 
fused. However, no change was ap- 
parent in the quenched and tem- 
pered microstructure. 

10. A tendency toward quench 
cracks in the air-hardening steel was 
reduced by the more drastic homo- 
genizing treatments. This improve- 
ment was believed to be the result of 
partial diffusion of areas of high al- 
loy concentration. Other work has 
indicated that quench cracking may 
be reduced by a high-temperature 
(2300° F.) homogenizing heat treat- 
ment. 

11. The benefits to properties to 
be derived from a homogenizing 
heat treatment even as high as 
2250° F. are completely oversha- 
dowed by the effect of the steel 
quality (porosity, nonmetallic inclu- 
sions, etc.) on properties. 

12. Inclusion distribution was not 
a factor in affecting mechanical 
properties of these five steels. 

13. True diffusion of the dendri- 
tic segregation in cast steels, appar- 
ently, is realized only by heating 
for an extended time at tempera- 
tures higher than those currently 
used. 
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2 Hours 6 Hours 


Fig. 24—Macrostructures of cross-section specimens from Plate 1 that have received 
the various homogenizing heat treatments. Temperatures are given at right and 
times below each column. Note the gradual decrease in sharpness of the dentrites 
with increase in time and temperature. All specimens photographed at 2 diameters. 
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2 Hours 


Fig. 25—Macrostructures of cross-section specimens from Plate 2 that hax 
the various homogenizing heat treatments. Temperatures are given at 
Note the gradual decrease in sharpness of the 
All specimens at 2 


times below each column. 
structure with increase in time and temperature. 
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R. E. Kerr During the war, we 
were producing breech rings in an Ohio 
steel foundry. One type of breech ring 
used on bombers called for an extremely 
thin section with high tensile properties 
We used manganese-molybdenum steel 
and tried homogenizing some of them 
We put them in bell-type annealers with 
large steel rolls at 2000° to 2300° F. for 
long periods of time, some of them for 
20 hr. or more. We cut these rings, 
machined tensile bars from standard loca 
tions, and found little difference in yield 
strength or tensile strength, but noted a 
definite improvement in elongation and 
reduction of area. 

C. E. Sms’*: We did considerable 
amount of work on homogenization treat- 
ments of steel in an entirely different 
field of endeavor, but the results coincide 
very well with those reported. When 
talking about homogenization, we should 
define what we mean. One can homog 
enize the carbon very readily, but when 
it is segregated it is a symptom of alloy 
segregation 

The hest way to determine whether a 
steel is homogenized or not is to heat it 
above the critical temperature and cool it 
slowly, that is, give it a full anneal and sec¢ 
if the carbon distributes evenly or whether 
it is segregated If the alloy content of 
the steel is segregated, the carbon will 
segregate also, but if the alloy content is 
evenly distributed, there will be uniform 
distribution of the carbon Therefore, 
when talking about homogenization we 
are really talking about distributing the 
alloy which has been segregated becaus« 
of dendritic segregation during freezing 

It appears that to get true homogeni- 
zation in practice one must apparently 
go to an impractical temperature of at 
least 2200° F. If one uses what might 
be called a practical temperature below 
2000° F., homogenizing -requires§ an 
impractically long time. It would re- 
quire probably a week in some cases 
But we were able to get complete homog- 
enization with temperatures of 2250° 
and 2350° F. 

The results on Charpy values and ten- 
sile tests were similar to those reported 
We sometimes lost a little yield strength 
and in some steels we gained yield 
strength, but not to a marked degree 
We usually gained something in duc- 
tility. There was a small shift in the 


*Pettibone-Mulliken Corp., Chicago 


2Battelle Memorial Institute, Columbus, Ohio. 






















transition temperature of Charpy bars 
It appears 


broken at low temperatures 
that any increases obtained in the ordi- 
nary mechanical properties of the steel 
ire hardly worth the treatment 

C. R. Jeum’*: Were these tests made 
with normalized steels? 

Mr. Sims The tests were made with 
normalized steels. The benefits are of the 
same order and magnitude 

J. A. Duma‘: Have any tests been 
made on double homogenizing heat treat- 
ments at lower temperature to obtain 
information on the degrees of effective- 
ness of homogenization obtained? The 
authors state that a temperature of 2250° 
F. is required for optimum homogeniza 
tion, but on the basis of the microstruc- 
tures that we have examined, it appears 
that two low temperature homogenizing 
heat treatments produce almost the same 
results as a single high temperature ho- 
mogenization treatment. 

It is a well known fact in spheroidiz- 
ing heat treatment practice that the 
ction of repeated passage of the steel 
up and through the critical 
temperature points shortens significantly 
spheroidization of the iron carbide in 
pearlitic carbon and alloy steels. It is 
probable that this action also manifests 
itself in double homogenizing heat treat- 


dow n 


ments 

Mr. Kura I want to thank Messrs 
Kerr, Sims and Duma for their com 
ments We referred to Mr. Sims’ work 
several times in the paper 

Reference was made to tensile proper- 
You will recall that 
we discounted our tensile data mainly 
A plate is one ot 


ties of breech rings 


because of porosity 
the most difficult shapes to cast and 
make sound. Unfortunately, we cannot 
make any comparisons of tensile proper- 
ties as a result of homogenization 

I know of no references to work done 
on the effect of double homogenizing 
I see no difference between homogeniz- 
three times at a_ given 
regardless of what that 
be, as compared to 


ing two of! 
temperature, 
temperature may 
homogenizing for the accumulated time 
at the same temperature. I perceive it 
as somewhat akin to tempering. So far 
as the end results are concerned, there 
is no difference between double and 
single tempering of steels of low and 
moderate hardenability if the total time 
at temperature is the same in each case. 
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ACCELERATED TRAINING 


8 American industry can not afford to lose the trai. 

ing gains which were made during the war period 
In postwar operations, speedy and adequate training 
of workers will be an important factor in balancing the 


plant budget. 





W. J. Hebard 

Personnel Director 

Continental Foundry & Machine Co. 
East Chicago, Ind. 


MANy CHANGES have been 
brought about in the foundry in- 
dustry because of the termination 
of war production. In many respects 
plants are coping with different prob- 
lems—new headaches to replace the 
headaches of wartime—but with re- 
spect to the subject of this paper, 
training, the problems are funda- 
mentally the same. Only the exter- 
nals are changed. Today and every 
day the plants are confronted with 
training problems. 

It is true that apprenticeship in 
the foundry suffered a real setback 
during the war and is now receiving 
the greater emphasis that it deserves. 
It is true, likewise, that job-training 
has gone in the reverse direction. 


Reduction of Training 

During the war it was necessary 
to develop rather elaborate programs, 
with training staffs planning for 
large groups of trainees and special 
job instructors in every department. 
The end of the war, bringing a de- 
creased turnover and, in many plants, 
decreased production, has brought 
about a reduction in the size of the 
training job—but the essence of the 
job is still there and it is important. 

It is at this stage of the game that 
industry should be most concerned. 
During the war, costs were of sec- 


Presented at an Apprentice Training 
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ondary importance. Production in a 
hurry was paramount. Today, indus- 
try is extremely cost conscious—and 
it needs to be. Terminations, can- 
cellations, price ceilings and wage 
increases have brought it up short 
against cost. Elimination of training 
programs can not be allowed merely 
because their cost can be measured 
and the cost of lack of training pro- 
grams can not be measured. It can 


-not be thought for a minute that 


going back to familiar prewar 
products means no further need for 
training. 

No doubt, many will wonder why 
it is thought necessary to mention 
such a thing because the value of 
adequate training has been learned 
and is not likely to be forgotten in a 
hurry. Recalling a bit of history at 
this point may serve to explain the 
concern felt. 

During World War I, American 
industry faced the same problems as 
it did in World War II. The “Pre- 
paredness” drive of 1916 paralleled 
the “Defense” drive of 1940. The 
“War Production” of 1917-1918— 
relatively at least—matched the 
“War Production Drive” of 1942- 
1945; and encountered the same 
problems of training quickly the 
thousands of green workers brought 
into the expanded plants. 

Much was learned about the value 
of good training. An organization 
sprang up to afford an exchange of 
ideas among industrial training peo- 
ple. To sum up the knowledge of 
training acquired during the war, 
Charles R. Allen wrote his great 
book, The Instructor, the Man, and 
the Job, as a sort of Bible for in- 
dustrial training. 

When 1940 came a few corpora- 


tions, mostly large ones, had fai; 
adequate training staffs, but in ; 
main, American industries, and par. 
ticularly the foundry industry, we; 
not even training conscious. Forty. 
nately, someone remembered Allen’ 
book, got out his four-step method 
of job training, dressed it up 
modern clothing, and brought it ou 
as the now famous “J.I.T.”—Jo 
Instruction Training. 

Government agencies, trad 
ciations, and individual top manage- 
ments, exerted strenuous efforts, first 
to make industries aware of the need 
for adequate training, and second 
to help them learn how the 
should be done. The fact that the 
industries of America won out 
the war of production was as muc! 
a tribute to the training efforts 
industry as it was to the develo 
ment of new techniques and 1 
products, but it is submitted that t! 
race might have been shortened 
the cost might have been lessened 
if industry had, through the years 
since 1919, profited by its expen- 
ences at that time. 


"J.1.T." Valuable 
It is to be hoped that training 
tools like “J.I-T.” will not be per- 
mitted to gather dust for the next 
25 years, and that industry not allow 
itself to slip back into the slow, 
inefficient, and costly method of hur- 
ing people and “letting them lear” 
their jobs. The fact that the actual 
cost of improper training 
training at all, is not set 
the books, but is hidden in over- 
all figure of tonnage per mon ) 
should not be overlooked 
For the most part the a: 
ing job must be done b 
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not often that the 
particular training 
1 peacetime activity 
ise of special instruc- 
rage foundry. How- 
t be someone, some- 
ranization, whose re- 
to anticipate the 
plan the training, and 
ipervisor in doing an 
training. 


uction Planning 
to lay the whole job 
the foreman. How 
how simple the set-up 
particular organiza- 
end upon the size and 

the organization. 
onsibility for the planning 
springs from the planning 
tion. To illustrate the de- 
f a specific training pro- 
tich is designed to meet the 
roduction planning, an 
iy be made of a large 
where the procedure is 


ynat follows: 
When the manufacturing depart- 
plans to establish a new pro- 
tion line, the training department 
d in, given all the detailed 
rmation as to the specific jobs 
hich will be required, the number 
yn each job, and the start- 
scne dule 
From this information the training 
tment makes an analysis of the 


people 


ng needs, taking into account 
each operation how many people 
needed, how many are already 
lable, trained or partly trained 
the organization, and how many 
ist be fully trained. Each job is 
studied to determine how much 
ning is necessary and how it is 
be given. 
While the size of this organization 
stifies an elaborate training divi- 
the same can not be said of tire 


verage foundry. However, the samie 


damental problem is present, just 


s it is in the training of the casual 


placement in an established pro- 
line. 

(he same function may be per- 
rmed as a part-time duty of one 


n; it may be the full-time duty of 
he man, assisted by a committee of 
perating supervisors, or it may re- 


ure a regular staff, depending upon 


of the organization, the rate 
ver, and the frequency of 
in product. 

It would be a waste of time to go 








into detail in recounting the valu 
and importance of properly planned 
training for speeding up the process 
of bringing employees on a new job 
to full production. From the author’s 
plant might be cited the case of 
training crane operators in 5 days, 
as compared with the “let them 
learn” process, which previously took 
from 30 to 60 days. 

Experience in training women as 
coremakers and mold finishers in a 
two-week program, with what can 
be considered remarkably fine re- 
sults, may be mentioned. Most 
foundries no doubt could point to 
similar experiences. However, the 
significant thing for consideration 
should be the method used to arrive 
at the objective. 

For example: To train the crane 
operators an experienced craneman, 
who seemed to possess special apti- 
tude as an instructor, was selected. 
He was given help to prepare the 
description and explanation which 
could be given as related instruction 
in a classroom; then arrangements 
were made for the use of a particular 
crane and he was helped to organize 
the steps by which the operation of 
the crane was to be taught. 

In the case of the women who be- 
came coremakers and mold finishers, 
a special program of related instruc- 
tion and actual experience was lined 
up with the aid of the local voca- 
tional school, and the trainees were 
given their two weeks of training in 
a classroom in the high school. 

In short, in each case an attempt 
was made to arrive first at the 
answers to the question “What is to 
be Taught,” “Where can it be 
Taught,” “How can it be Taught,” 
and “Who Should do the Teach- 
ing”? It is certain that these ques- 
tions must be answered in every case 
and that there must be someone 
whose responsibility it is to work out 
the answers. 


Interest in Training 

Today, in thinking of training 
crane operators, perhaps only one or 
two being necessary in a month, the 
“Where” and “How” questions would 
find an entirely different answer. 
First of all, everyone concerned with 
training, from topmost management 
to the newest assistant foreman, must 
be convinced that planned training 
is an integral part of the line organ- 
ization, in war or peace. 
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Someone must have the responsi- 
bility for directing and organizing 
specific training programs to meet 
specific needs. That someone must 
be informed fully of production 
plans and schedules which involve 
new employees for old jobs, or old 
employees for new jobs. Most im- 
portant of all, he and the entire 
organization must be made to under- 
stand that he has the full and active 
support of top management. After 
that, it is up to him. ; 

It is his job to work out reasonable 
and practicable plans for assisting 
the shop supervisors in their train- 
ing problems. He has to get the 
answers to the “What and Where 
and How and When and Who.” 
Perhaps the answer is right in the 
department, on the job with the 
foreman doing the work. It may be 
in a classroom or in a corner of the 
shop with an expert called in. What- 
ever the answers, the plan should be 
thoroughly made, properly executed, 
and adequately followed up. The 
results will show in lower costs, 
lessened turnover, quicker deliveries 
and better labor relations. 


DISCUSSION 


Chairman F. C. Cecu, Cleveland 
Trade School, Cleveland. 

Co-Chairman: W. J. Hesarp, Con- 
tinental Foundry & Machine Co., East 
Chicago, Ind 

C. J. Freunp’: 
statement which made the deepest im- 


Summary). The 


pression on me was the need for the 
manufacturers to outline in advance the 
aims and purposes of their training pro- 
gram to insure success of the program 

I believe the foundry industry made a 
serious mistake in letting too much im- 
portant foundry information accumulate 
in the minds of operating foundrymen 
and not making sufficient effort to get it 
in print for the instruction of the next 
generation of foundrymen. 

The emphasis Mr. Hebard made on 
C. R. Allen’s book shows how valuable 
a record, be it a book, file, letter, draw- 
ing, chart or graph is in training or in 
any other kind of work. 

No amount of staff work, supervision, 
special training technology, or enthusi- 
asm on the part of the training organ- 
ization will accomplish much unless man- 
agement is interested in the training 
program. 

There has not been the interest on 
the part of management in training that 
there has been in other divisions of their 
business, with many exceptions. Unless 
those exceptions can be made to grow 
and accelerate the training movement 
will not have the successful career to 
which it is entitled and which is needed 
by the industry. 


‘University of Detroit, Detroit 

















NONDESTRUCTIVE 
INSPECTION OF CASTINGS 


, Intelligent application of nondestructive test methods, ojg 

and new, by trained inspection personnel working with 
sound acceptance standards enables the foundry to determine 
exact locations of defective areas, change foundry techniques 
to eliminate them, and produce quality castings at lower cost 





Clyde L. Frear 
and 
Robert E. Lyons 


Bureau of Ships, USN. 
Washington, D.C. 


IN GENERAL, nondestructive 
testing includes any method of in- 
spection, practicable or impractic- 
able, efficient or inefficient, which 
will disclose the presence of defects 
in a part without destroying the part 
itself. When applied to castings, the 
definition may be extended to cover 
those methods which, while they 
may remove part of the casting, 
leave the final part retaining its 
specific dimensions and still usable 

Examples of such a method are 
drilling out bosses and removal of 
extraneous metal such as padding 
and risers which were added to pro- 
vide feeding, thus exposing areas 
which upon visual examination may 
give some idea of the soundness of 
the underlying metal. 

A thorough inspection of castings 
should be capable of determining 
the presence of internal as well as 
external defects, and provide a 
fairly complete knowledge of the 
extent of such defects. In the past, 
surface quality has often been an 
important factor in determining the 
acceptability of castings, and much 
development work has been carried 
out to improve the surface appear- 
ance. To the dismay of a number 


This paper was presented and dis- 
cussed at an Inspection of Castings Ses- 
sion of the Fiftieth Annual - Meeting, 
American Foundrymen’s Association, at 
Cleveland, May 6-10, 1946. The opinions 
expressed in the paper are those of the 
authors and not necessarily those of the 
Navy Department. 


of foundrymen who have prided 
themselves upon the excellent finish 
of their castings, defects have been 
disclosed upon subsequent machin- 
ing or pressure testing. 

A fine finish is important in many 
items, among which are statuary, 
name plates, medals, hardware, etc., 
but is certainly of secondary impor- 
tance when the casting is to resist 
pressure or heavy loading stresses. In 
such cases the major effort should 
be exerted in obtaining internal in- 
tegrity which, in many cases, can 
be obtained only at the expense of 
surface appearance. 

It becomes necessary then to pro- 


vide some method of inspection 


Fig. 1 


which will show just what 
the casting and permit of 
curate interpretation of th 
and extent of any discontinu 
their probable effect upon th 
serviceability of the part. For 


thy 


foundrymen have been sectioni: 


castings to determine thei: 
soundness. 
This is far from being 


destructive test and, although 


shows defects present in the 
sectioned, it does not indi 


quality in any other area 
} 


writers know of one case wher 


casting apparently was soun 
shown by sectioning, yet a 


] 


i, 


shrinkage cavity extended to wit! 


Typical arrangement of apparatus for hydrostatic testing 
and fittings (3Y%2-in. bronze angle valve under test 
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from the cut and 

relv by the section- 

is a method of 
: iry technique the 
bed was useless. 
tioning, or fracturing, 


7 1ethod of inspection 
; for the correction of 
sue, it is absolutely 
king those accidental 
' often occur despite 
ure n the foundry and the 
rd of technique. 
Nondestructive Inspection Methods 
Nondest ve inspection methods 
lered to include the 
wing 
Visu nspec tion. 
9 Sour r percussion tests. 
Impact tests 
Pressure tests 
Radiographic examination. 
6. Magnetic inspection. 
7. Electrical conductivity. 
Penetrants. 


»S iperst nics. 
\ brief description will be given 
ach method and an attempt 
itline the advantages and 
vantages of each. No attempt 
ide to list all methods 
h might be made to serve as 
ndestructive tests, nor to list many 


the newer tests which are in a 
pmental stage. All methods 


are in regular use in one or 
foundries. 
ial Examination. Visual in- 
tion constitutes the oldest and 
t widely used inspection method 
existence. In fact, it is so exten- 
ely used that many forget to list 
tas an inspection method. Its im- 
rtance will become even more 
parent when it is considered that 


the success of most of the nonde- 
structive methods described in the 
‘ollowing paragraphs depend upon 
visual inspection for interpretation. 


\s the name implies, this method 
nsists of examining the surface of 
casting with the unaided eye, 
use of a hand lens or, in certain 
ases, low-power microscopes. The 


number of surface defects which 


lay be found by a trained inspector 
ut which might not be located by 
he ordinary observer is sometimes 


surprising 


Among the types of defects which 


re found by visual inspection are 
oumed-in” sand, blows, rat tails, 
id shuts, swells, surface porosity 


‘nd suriace cracks. The hot tear is 





another important defect which is 
commonly considered as internal 
Many of these, perhaps all of them, 
extend to the surface and may be 
picked up by visual inspection, un- 
less the tear or crack is too narrow 
to be observed. 

One of the most important uses 
of visual inspection is to determine 
whether a casting is within the 
specified dimensions. No details of 
this use need be given as the subject 
has been covered by papers pre- 
viously presented to the Association 

Numerous defects which ordinarily 
are internal become exposed during 
machining. It is rather late to dis- 
cover the presence of defects at this 
point, especially if the discovery is 
made after the finish machining 
operation has been completed. A 
number of metals, of which steel is 
an outstanding example, when found 
to contain defects after machining. 
can be repaired by welding or other 
suitable means, especially if a ma- 
chining cut is still to be made. 

Welding operations usually cause 
a small amount of warpage and, ii 
the part is to be finished to close 
dimensional tolerances, every effort 
should be expended to determine the 
presence of any harmful defects and 
make necessary weld repairs before 
the finish machining operation. 

This is true even when the repair 
is made in an unfinished area of a 
casting which has already been ma- 
chined to dimension, as the heat 
from the welding operation may 
cause sufficient warpage to make the 
part useless because of misalignment 
of the finished areas. Added to this, 
stress-relief heat treatment, often 
necessary after weld repairs have 
been made, may injure finished sur- 
faces sufficiently to make the use of 
the part impracticable. 


Internal Flaws 

Valuable and necessary as visual 
examination is, it will not take the 
place of inspection methods which 
will show the presence (or positive 
absence) of internal defects. How- 
ever, it is necessary that the inspec- 
tor, to be capable of correct inter- 
pretation of nondestructive test 
results, must have thorough training 
in locating defects and recognizing 
them as such. 

Many inspectors evidently have 
lost sight of the fact that it is just 
as much their duty to accept satis- 
factory material as it is to reject 
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material which is not suitable for 
the purpose intended. It is always 
easier, when in doubt, to reject a 
part, and if such doubt does exist 
perhaps rejection is the only answer, 
at least until such time as this doubt 
can be removed 

With training and experience the 
inspector will become more certain 
of himself and will be able to accept 
a greater percentage of parts with- 
out endangering their usefulness in 
service. It should be the chief pur- 
pose of the various methods to re- 
move, insofar as possible, the doubt 
which may exist in the inspector’s 
mind as to whether a part may be 
accepted, repaired, or rejected with- 
out qualification. 

Sound or Percussion Tests. Next 
to visual testing, the sound or per- 
cussion method probably is the old- 
est method of inspecting for discon- 
tinuities without destroying the part 
A number of variations and refine- 
ments of the method have been 
made, but basically it consists of 
suitably supporting the part or sus- 
pending by chains or other equip- 
ment, permitting the part to swing 
free of the floor and other obstruc- 
tions, then tapping with a hammer 

Weight of the hammer blows must 
be selected and adjusted to set up 
vibrations in the part, thus produc- 
ing a_ certain characteristic tone 
which may or may not be changed 
in pitch or quality by the presence 
of discontinuities which tend to 
change the wave length of the 
sound produced by the blows 


Limitations 

Chis test is analogous to the test- 
ing of china and porcelain ware 
for cracks by tapping with a pencil 
or the fingernail. Such a method 
may serve to detect relatively large 
discontinuities in otherwise homo- 
genous metal, and probably would 
be successful to a certain extent with 
forgings having simple shapes and 
fairly uniform cross sections. 

On the other hand, it is not 
difficult to imagine relatively large 
internal defects which extend in cer- 
tain directions but which would not 
alter the length or quality of the 
sound vibrations set up in the piece, 
in which case no indications of the 
defect would be noted. 

Most castings are complex in 
shape, which in itself may hinder the 
production of a pure tone upon 
being struck with a hammer. The 
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NONDESTRUCTIVE INSPECTION 





orientation of the crystals will also 
tend to dampen the tone. 

Considering the harmless discon- 
tinuities which may exist in a large 
percentage of castings, all of which 
may have an effect upon the char- 
acter of the vibrations, it can be 
expected that a relatively large in- 
ternal defect might be required to 
change the tone sufficiently to be 
detectable by the ear with sufficient 
selectivity to distinguish between a 
harmful defect and one which would 
not be harmful, and to determine 
whether such a defect is located in 
a highly-stressed area. 

The use of a stethoscope for locat- 
ing abrupt changes in the tonal 
quality has been recommended, but 
even by this means it is doubtful if 
a small but harmful defect could be 
detected with certainty. In general, 
such a method would not be suitable 
with the metals having high damp- 
ing characteristics. 

Impact. As a method of nonde- 
structive inspection, testing by im- 
pact must not be confused with the 
commonly known impact tests such 
as the Charpy and Izod tests, which 
require a specimen to be broken 
during the test. One form of non- 
destructive impact test would be an 
extension of the sound test described 
in the previous paragraph, the only 
difference being that larger ham- 
mers are used and heavier blows are 
struck. 

Whether or not it may be con- 


sidered as a nondestructive test often 
depends upon the amount of energy 
expended in the blows. Another ver- 
sion of the impact test, the drop 
test, consists of dropping the casting 
from a certain specified height, usu- 
ally onto a steel or other solid plate 
of certain specified thickness and 
weight. 

The expected value of such a test 
is the hope that all castings which 
contain harmful defects will break 
and be rejected automatically, and 
that those containing no defects will 
withstand the impact of the drop 
and be passed as acceptable. 


Observations 

However, instances have occurred 
in the experience of the writers 
where castings have been acciden- 
tally dropped from heights of less 
than that specified and onto wood 
blocks or concrete floors and suf- 
fered breakage in areas having no 
defects. In other instances, castings 
have successfully passed the specified 
drop test only to be put into service 
and break under loads considerably 
lower than those exerted in the test. 

In this latter case, small defects 
already present in the casting prob- 
ably withstood the test, but increased 
sufficiently under the influence of the 
impact stresses to lower the strength 
of the part to a point considerably 
below that required to withstand the 
stresses applied in regular service. 

Another form of the test consists 
of dropping a specified weight from 


Fig. 2—High pressur 


under steam 


a predetermined heigh 
ed portions of the casti 
of test is an improve: 
regular drop test in tl 

cation of the load is 

control. 

However, this does 
the chance of breakag: 
tion of defects. It has 
few instances of breaka 
that described in the { 
make the writers believ: 
tests and other forms of j 
are not to be trusted as 
tests for castings, and in | 
may do more harm than 

In those cases where suc} 
considered necessary, the t 
be followed by others capable o! 
termining the presence of disco 
nuities which may have resulted {, 
the impact stresses. 

Pressure Testing. Pressure tests a: 
used to locate leaks and to test ¢} 
over-all strength of parts such 
valves, fittings, boilers, etc., whict 
are to carry fluids in service, and 
may be divided into hydrostati 
steam, and air tests. 

Hydrostatic testing consists of seal- 
ing all openings in the casting except 
a small opening for the introductior 
of a water pipe and another for 
vent, the latter opening being 
nearly as possible at the highest point 
in the casting. 

A vent is provided in order that 
all air may be removed from the part 
before the application of the | 
sure. The part then is complet 
filled with water and the pressu: 
gradually increased to a_ specified 
point, which usually is one and on 
half or two times the pressure for 
which the casting is designed 

For obvious reasons where leak: 
are suspected, the pressure should b 
applied slowly. Fig. 1 shows a typi 
cal set-up for hydrostatic testing 
of valve bodies and fittings. The il- 
lustration shows a 3¥2-in. bronz 
angle valve under test. 

It will be noted that the inlet and 
bonnet openings of the valve bod; 
are closed by rubber gaskets. the nec- 


essary pressure to prevent leakag 
around the gaskets being applied by 
a large screw passing through the 


photo- 


yoke shown at the top of 
t d by 


graph. This screw is 0] 
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1and wheel located 
[The outlet is closed 
j steel plate held in 






ps 
ilve shown at the top 
ned and 
he casting under test 
hand pump shown 
rht. When water flows 






water is 







at the top, showing 
s been forced out, the 





d and pumping con- 
eaks are found in the 
until the specified test 
; dicated on the gauge. 
Witl est pressure being ap- 







isting is carefully ex- 
small leaks and their lo- 
the operator has been suc- 







\btaining an absolutely 





with no leakage around 





through the pump or in 





then even a very slight 





page will be indicated by 





ing off of the pressure shown 





cre 






General Considerations 
As fluid pressure is exerted in all 






tions, the hydrostatic test gives 
neasure of the over-all strength of 
casting. Little or no chance of 
r to personnel exists should the 










ing fail under the test pressure. 
Water being almost incompressi- 
ny enlargement of the part un- 
rgoing test will cause an instanta- 
us reduction or relief of the pres- 
thus preventing shattering of 
part. For this reason, applica- 
n of pressure by a_ high-speed 
imp should be avoided. A small 
nd pump is preferred for this pur- 
In addition to testing for over-all 
ength, the hydrostatic test will lo- 
individual leaks through the 
The action of these individual 

iks has given rise to the expressive 
but not highly accurate terminology 
leakers and 





weepers, seepers, 





hydrostatic test shows over- 
| strength and the presence of leaks 
nly at the time the test is made, 
nd gives no real assurance that the 
art will continue to be free from 
Cases have been 

wn where a casting was shown to 
x sound by a hydrostatic test and, 
he pressure was removed, the 





lelects in service. 


Automatic boiler used in 


Steam tests 











casting leaked under a reapplication 
of the testing pressure 

It is well known that most found- 
ries desire, insofar as possible, that 
no machining be performed on the 
pressure parts of castings, and almost 
insist upon one unmachined surface 
in order that an unmachined skin 
will be left to resist the pressure, the 
interiors of most castings being less 
dense than the outer layers. 

Another consideration is the fact 
that most castings are considerably 
overdesigned, not only to provide a 
generous factor of safety but to ob- 
sufficiently 
heavy to be run successfully. With 
this last in mind, it is easy to under- 
stand that a shrinkage defect which 
may occupy as much as 75 per cent 
of the wall thickness might not man- 
ifest itself as a leak under the speci- 


tain walls which are 


fied pressure test. 

Many shrinkage cavities appear to 
be smooth-walled when the casting is 
sectioned, and have been considered 
harmless provided that sufficient 
metal has been left in the wall to 
give the necessary strength. 

However, close examination under 
the microscope has shown that many 
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of these apparently smooth-walled 
cavities are filamentary in charac- 
ter, and sometimes these filaments 
have the characteristics of fine hot 
tears or cracks which extend almost 
through the casting wall 


Stress Variations 

When such a casting is subjected 
to high-pressure steam or to alter- 
nate high and low pressures, the ef- 
fect of the expansion due to heat or 
the straining of the walls under pres- 
sure may sooner or later cause the 
filamentary shrinkage cracks to ex- 
tend, thus causing the defect to reach 
entirely through the wall. This phe- 
nomenon probably accounts for 
many of the leaks in pressure lines 
which have developed in service in 
parts which withstood pressure tests. 

This fact should not be considered 
as condemning pressure tests, but is 
given as one explanation of some- 
occurred many 


thing which has 


times. The writers are in favor of 
pressure tests on pressure castings, 
in conjunction with other nonde- 
structive tests, as these tests most 
nearly approach actual service con- 
ditions. They wish only to point out 
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Fig. 4—Electromagnetic radiation diagram. 


that no single test will give complete 
assurance of absence of harmful 
defects. 

Steam Tests. When fittings, valves, 
etc., are to withstand high pressure 
steam service, a steam test is often 
applied. In most ways such steam 
tests are no better than hydrostatic 
tests except that the steam, being at 
high temperature, has a tendency to 
expand the metal and open up small 
defects which might have been 
missed by the hydrostatic test. 

In addition, steam and other gases 
will pass through very small open- 
ings more rapidly than will liquids. 
Steam tests should be used only as 
adjuncts to hydrostatic tests, and 
should never be applied until the 
part has been hydrostatically tested 
at considerably higher pressure than 
the steam pressure actually applied 
in the test. 

Because of high compressibility, 
steam (and other gases) will retain 
most of its pressure after consider- 
able enlargement of the part, and 
any slight reduction in pressure may 
be built up again in a short time. 
The high pressure acting on the 
weakened walls of the part under 
test may cause breakage with suffi- 
cient violence to injure personnel by 
flying pieces or scalding. 

Figure 2 shows a steam test being 
made on a steel “Y” casting for high 
pressure steam service. Although any 
source of high-pressure steam which 
may be available is suitable for this 
purpose, the automatic boiler illus- 
trated in Fig. 3 is convenient for pro- 
ducing a continuous supply of steam 
under any predetermined pressure 
for any desired time with but little 
attention from the operator. 

Air Tests. Testing with air is an 
adaptation of the hydrostatic and 
steam test, and is conducted in the 


same manner except that air is used 
in lieu of water or steam. In gen- 
eral, it is simpler to apply and re- 
quires comparatively inexpensive 
equipment, and because of its con- 
venience is used to a great extent 
in the production inspection of small 
valves and fittings, especially those 
which are to operate under compara- 
tively low pressures. 

However, it may be used with 
larger parts, especially in those cases 
where a few pieces are to be tested 
and no regular equipment for hydro- 
static testing is available. Small parts 
are usually tested by immersion in 
water or other suitable liquid. The 
air pressure is then applied internal- 
ly and the air seeps through any 
openings in the part and forms bub- 
bles of air on the surface, thus per- 
mitting ready location of leaks. 

Instead of immersing the part in a 
liquid, which would be inconven- 
ient with large parts, soap solution 
may be spread over the surface with 
a brush. Leaks will then be found 
by observing bubbles and frothing of 
the solution where air passes through 
the wall. 

Radiographic Examination. Ra- 


diography was the first 

which provided a mear 

looking through castin 

opaque materials and 

the presence of internal 

ities and, in certain cas 
neity of the material. AJt)ough 
50 years since Roentgen 

the ability of certain ray 
trate metal, it was not until 4, 
1930’s_ that sufficiently power 
equipment was develope: 

the use of x-rays practicable for jp. 
specting castings. 

Concurrent with the developmer 
of industrial x-ray equip: ent. the 
Naval Research Laboratory dey, 
oped the use of gamma-rays emitted 
during the decomposition of radiy 
and radium salts as a means of 
spection. 

These rays, which will penetrat 
materials commonly considered 
opaque, are not mysterious if it ; 
realized that opacity to light is mere. 
ly the property of absorbing lig! 
rays to the extent that the rays ar 
not transmitted through the mat 





rial. 


Characteristics of Short Waves 

Many materials which are con- 
monly considered as opaque becony 
transparent in thin sections, a typi- 
cal example being gold. With this 
consideration in mind, opacity be- 
comes a comparative term, and it is 
readily conceivable that it might b: 
possible to generate light rays t 
which ordinarily opaque materials 
would become transparent 

X-rays and gamma-rays are elt 
tromagnetic rays having wave length: 
of approximately 10°° to 10° cm 
Light rays visible to the eye hav 
considerably longer waves, their 
wave lengths lying between approx 


Table 1 


RapiuM DECOMPOSITION PRopuUCTS 





Type of Radiation Half Life 
Name = Weak Radiation Period 
Radium Alpha (Beta and Gamma) 1,590 yr 
Radon (niton, or 
radium emanation ) Alpha 3.825 days 
Radium A Alpha 5 min 
Radium B Beta (Gamma) 26.8 min 
Radium C 99.97 per cent Beta and Gamma 17.9 min 
Radium C’ Alpha Ca “6 sec 
Radium C” . Beta 1.32 min 
Radium D (radio lead) (Beta and Gamma) yy 
Radium E. ..Beta 4.9 days 
Radium F (Polonium) .. Alpha (Gamma) days 
ed eck nn Sih tin niente 
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their 
until, 


10-* cm. 


ecome shorter 
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to ordinary 
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of emphasis it should 


at opacity and trans- 
ly relative terms. Thus 
of glass would tend to 
ue and less transparent 
er piece of the same 
is the same as saying 
k piece would absorb 
ys than would the thin- 


this reasoning, a piece 
glass or a lens from a 
eles would absorb more 
would a piece of clear 
same thickness. X-rays 
’ i-rays follow these same 
With thicker metal, more rays 
bed and fewer pass through; 
more dense the metal as 
by its specific gravity, the 
penetration of the rays. 
sider a piece of metal plate 
pparently sound by visual 


ction but is known to contain a 
ilized shrinkage defect in the cen- 


this plate is exposed to x-rays 
umma-rays, some of the rays 
g the plate will be absorbed by 
| and stopped in their path, 
iinder passing through. 


Radiographic Indications 


cause of less metal where the 
hrinkage occurs, more rays will pass 
through the plate at this spot. Rays 
assing through cannot be seen as 


invisible to the eye. How- 
they will cause a fluorescent 


to glow, the intensity of the 


wing being proportional to the 


of the rays striking the 
efore, examination of | this 
discloses the location of the 
yy the presence of a brighter 
he silver coating of a pho- 
film will absorb a certain 
of the rays passing through 
1umber absorbed being pro- 
il to the number striking it. 
absorbed rays have an effect 
film similar to that of light. 
re, if a film is placed against 
tal plate on the side opposite 
ource of the rays, the rays 
through the plate and then 


the film will affect the film’ 
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Fig. 5 


to a greater extent immediately un- 
der the defect through which the 
greater number of rays penetrated 

If this exposed film is developed, 
it will show darker in that area 
where the defect was located. It be- 
comes evident, therefore, that inter- 
nal defects in a casting can be lo- 
cated by the passage of x-rays or 
gamma-rays through the casting and 
recording the intensity of these rays 
upon a photographic film. 

Special films with an emulsion 
coating on each side have been de- 
veloped for radiography, thus per- 
mitting greater ray absorption than 
single-coated films and hence record- 
ing the presence of defects with 
greater assurance and shorter expo- 
sure time. 

Radiographic examination in- 
cludes the use of x-rays and gamma- 
rays; also, the use of a few other 
materials which emit rays capable of 
penetrating heavy materials. Wheth- 
er x-rays or gamma-rays are used 
depends upon the availability, power 
of the equipment, type and size of 
the material being tested, portability 
of the equipment, and often upon 
the ccnvenience. 
extent the two 


To a certain 


sources are interchangeable, but each 


TUNGSTEN = 


Construction diagram of simple x-ray tube 


has certain advantages and disad- 
vantages which should be thorough- 
ly understood, especially when de- 
ciding upon the purchase of equip- 
ment. 

X-rays. These rays are produced 
by the impact of electrons upon a 
target, part of the mechanical energy 
resulting from the motion of the 
electrons being changed to energy in 
the form of electromagnetic waves. 

Figure 5 shows a simple form of 
x-ray tube, which consists of a cop- 
per anode and cathode sealed into an 
evacuated, heat-resistant glass bulb. 
The inner end of the cathode is cup- 
shaped and is provided with a small, 
coiled tungsten filament, one lead of 
which is insulated from the cathode 
itself. 

In operation this filament is heat- 
ed by passing a current under an 
emf. of approximately 12 volts taken 
directly from a special step-down 
transformer or from a low-voltage 
tap from the main power transform- 
er. The passage of the current and 
heating of the filament 
build-up of electrons around the fila- 


causes a 


ment. 

Electrons are negatively charged 
and have a certain small mass or 
weight. The outer end of the anode 
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is arranged for cooling, and the inner 
end adjacent to the filament is pro- 
vided with a small tungsten insert or 
target. When a high-voltage direct 
current of the order of 50,000 to 
250,000 volts is impressed on the 
tube as indicated in the diagram, 
the negative charge on the cathode 
rejects the electrons which surround 
the filament. 

If the filament current continues 
to flow, electrons are continually 
formed and rejected by the high- 
voltage negative charge. The nega- 
tively charged electrons are held to 
a relatively straight and narrow 
path because of the opposition of 
the negatively charged cathode cup. 

After traveling across the space 
separating the cathode and the an- 
ode, the electrons strike the tungsten 
target where their motion is sud- 
denly stopped and their kinetic en- 
ergy is converted, mostly into heat 
which is conducted through the cool- 
ing fins. Remaining energy is con- 
verted into electromagnetic waves 
which, theoretically, leave the target 
in all directions. 


The X-Ray Beam 


Most of the unwanted rays are 
absorbed by the metal of the anode 
and cathode, and often by lead 
which surrounds the tube. A “win- 
dow” is provided to permit certain 
of the rays to leave the tube in the 
form of a cone or pyramid, depend- 
ing upon the shape and location of 
this window, which is designed to 
give a beam of the desired dimen- 
sions. By manipulating the tube, the 
x-ray beam can be aimed in any de- 
sired direction. 

The number of electrons emitted 
from the filament is proportional to 
the amount of current (usually 
measured in  milli-amperes) im- 
pressed across the tube, and it fol- 
lows that the intensity of the rays is 
also proportional to the current. The 
speed of the electrons is increased 
with increase of voltage (usually 
measured in kilovolts). 

As the speed of the electrons is in- 
creased the wave lengths of the 
x-rays produced become shorter. In 
short, the wave length is inversely 
proportional to the voltage. 

Sensitivity, or the ability to regis- 
ter small defects, is dependent upon 
the wave length of the x-rays, the 
greater the wave length, the greater 
the sensitivity. It would appear from 


Fig. 6—X-ray radiograph of Ye to 1 in. stepped test block. Radiogra{ 
using 185 kv. and timed for Y-in. section. Note: High contrast, 
of detail at thin section (top) and heavy section (bottom); also, 
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indicated by clear rendition of milled slots at midlength. 











R. E. Lyons 


Gamma-ray radiograph of same block shown in Fig. 6. Radiograph 
500 milligrams of radium. Note: More uniform density and 

ntrast by comparison with Fig. 6; also, decreased sensitivity in- 
dicated in less pronounced rendition of milled slots. 
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this that low-voltage x-rays should 
always be used for assurance of find- 
ing the smallest possible discontinu- 
ities, but other factors must be taken 
into account. 

Probably the most important from 
a production standpoint is the fact 
that there are limits in thickness 
that rays from a particular voltage 
source will penetrate. Equipment of 
150 kvp. (kilovolt-peak) is not of 
much use with steel thicknesses 
above one in. but is suitable for 
aluminum and magnesium of greater 
thickness. 

Equipment rated at 220 kvp. is 
suitable up to 3 in. of steel, but 
above this the exposure time becomes 
excessive. Rays from 1000-kvp 
equipment can be used practically 
up to 6 in. of steel, and often up to 
8 in. or somewhat higher. Machines 
operating at 2000 kvp. have been 
introduced on the market, and can 
be used with considerably greater 
thicknesses. 

Another difficulty is encountered 
in the use of low-voltage x-rays, es- 
pecially in the inspection of castings. 
Few castings are uniform in cross 
section, and when radiographing 
nonuniform sections the problem of 
density and contrast enters. 


Exposure Factors 

Contrast can be defined simply as 
the difference in darkening of the 
film caused by the rays passing 
through a defect as distinguished 
from that caused by rays passing 
through the adjacent sound metal. 
Up to a certain point, contrast is 
synonymous with readability. Films 
from low-voltage x-rays should have 
more contrast than those from high- 
er voltages. 

However, if a wedge '%-in. thick 
at one end and 2 in. thick at the 
other is radiographed with a single 
exposure using 150 kvp. x-rays, the 
length of exposure (expressed in mil- 
liampere-seconds) being calculated 
for the average thickness, the image 
of the thin end of the wedge will be 
too dark to be readable with any il- 
lumination of the film, while that of 
the thick end will be so light that 
no defects will show. 

Figure 6 illustrates this to a cer- 
tain extent. In this case an x-ray 
radiograph, known as an x-ograph, 
has been made of a 4x8-in. steel 
plate which is one in. thick at one 
end and tapers by %-in. steps to 
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Fig. 8—X-ray head, 140 kup. Trans- 
former is separate from head neces- 
sittating high voltage cables. 


'g-in. thickness at the opposite end. 
A slot 1% in. wide-has been milled 
across these steps to obtain a con- 
tinuous taper from one-in. to zero 
thickness lengthwise of the plate. 

In this tapered surface have been 


Fig. 9—X-ray head, 220 kup. Trans- 
former and tube are combined in 
head. Jib crane mounted. 
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milled slots measuring 0.01x0.01 in., 
0.02x0.02 in., 0.04x0.04 in., and 0.08 
x0.08 in., which serve to show the 
sensitivity which is obtained at any 
thickness along the plate. This ra- 
diograph was made using 185 kv. 
and shows best rendition of the 
milled slots midlength of the block, 
the exposure having been adjusted 
for the 5¢-in. section. 

Although the density obtained at 
the thin end of the block is not too 
great to be read by high intensity 
illumination, little or no detail can 
be noted by ordinary illumination. 
The same is true with the heavy end 
where the radiographic density is too 
low to register any but large defects. 
In the midportion of the block, the 
0.01x0.01-in. slot is easily seen on 
the original radiograph, indicating 
better than 2 per cent sensitivity. 


Increased Penetration 

By using rays with shorter wave 
lengths (those produced by higher 
voltages), this difference in densities 
between thick and thin sections be- 
comes less. In other words, the “lati- 
tude” increases with decrease in the 
wave length. Latitude and contrast 
are inverse to each othe 

If it is desired to gain latitude, 
a loss in contrast will result. In the 
radiographic examination of cast- 
ings, the x-ray equipment selected 
must be a compromise between cer- 
tain advantages and disadvantages 
and capable of operating under volt- 
ages which will penetrate the metal 
being tested in a reasonable length of 
time; also, which will give sufficient 
latitude in the range of thicknesses 
to be examined. 

Gamma-Rays. Radiography using 





radium depends upor 

of penetrating rays pr 

decomposition of radi 

salts. Table 1 shows th: 

in the decomposition . 
Alpha and beta rays »yod 

the decomposition ha 

use in radiography, as 

so short that it is dou 


ever leave the container vhict a 
radium is placed. Even if they ¢:s 
penetrate this containe: a 
ably would not reach the casting } 
ing examined, let alone penetray, 
Gamma-rays, on the other han¢ 
have very short wave lengths. an 


hence high penetrating power, 4. 
previously described under x-ray 
because of the short wave lengths jp. 
volved radiographs made with gam. 
ma-rays have high latitude, and Jit 
or no difficulty will be experienced 
in showing defects in heavy and lig} 
sections x-rayed on same fil: 

Using the same reasoning, the cop. 
trast will be lower than that o 
tained with x-rays having greater 
wave lengths, thus making it some. 
what more difficulty to distinguis, 
defects recorded on the film thay 
would be the case with the same de 
fect located by x-rays. In this con. 
nection, compare Figs. 6 and 7 

In the case of light metal casting 
and thin-walled castings having fair- 
ly uniform cross sections, the us 
x-rays is preferred. Because of the 
bulkiness and weight of x-ray equip- 
ment, it usually is necessary to trans 
port castings to a special area set 
aside for the purpose and where the 


Fig. 10—X-ray head, 1000 kv 
Combined tube head and transform- 


er. Pantograph mounted 
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rtain locations in some 
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film or an 
usually in 
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all, hermetically sealed 
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the silver capsule is not 


ring its use. 


to personnel during 


on from place to place, 


ontainer is placed in a 
provided with approxi- 
f protective lead on all 


chief drawbacks to the 


radium is the long exposure 
iired as compared with x- 


convenience 


Cases, 


es this deficiency. In other 
al castings can be radio- 


the same time with the 


of radium, which is not 


most types of x-ray 


Many of the larger castings cannot 
x-rayed conveniently with any- 
hing less than 1000-kvp. equipment 
ich, in addition to being expen- 
is very bulky and requires a 
with heavy walls to provide 
protection for operating personnel 
rom the effects of the rays. . 
Where the production of a found- 
is sufficient to cover the cost of 


' X-ray equipment, its use 


ended because of its speed, 
in radiographing heavy 
and because of its greater 
However, in most found- 


ise of radium probably will 
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the slow speed of gamma- 
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Fig. 11 

























Fig. 12 


such a manner that the exposure will 
be continued overnight, when all 
personnel, including the radiogra- 
pher, may be absent. 

It should be mentioned that such 
multiple setups are not limited en- 
tirely to gamma-radiography, as in- 
dicated by Fig. 12, where several 
castings are arranged around the tar- 
get of a 1000-kvp. x-ray. At present 
such x-ray set-ups are limited almost 
entirely to equipment capable of op- 
erating at 1000 kv. or higher. 

After several years’ experience in 
radiographing steel castings of vari- 





Twenty-two valve bodies radiographed at one time. 
on floor facilitate placing parts at correct distance from radium 









Circles painted 


center ). 









Multiple set-up employing 1000 kup. x-ray equipment. 


ous sizes and shapes, the writers can 
say that gamma-radiography has 
served the trade well in insuring sat- 
isfactory castings, and probably will 
continue in use in most foundries, 
but they recommend the 


x-rays where practicable and eco- 


use of 


nomical. 

Before leaving the subject of ra- 
diography, it would be well to men- 
tion some of its limitations. Although 
it is at present the only nondestruc- 
tive method which will show with 
certainty the presence of deep-seated 
defects and reveal the types of de- 
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fects present and their extent, it does 
fail to show many small defects 
with certainty, especially closed 
cracks, often the most harmful de- 
fects in a dynamically stressed mem- 
ber. 

With low-voltage x-rays in some 
instances it is possible to locate 
defects the smallest dimensions 
of which are 0.5 per cent of the 
section thickness. In most produc- 
tion inspection, | per cent is as much 
as can be expected, and when using 
gamma-rays, 2 per cent is about the 
best that can be obtained. 

In some cases it may not be possi- 
ble to find defects which are smaller 
than 3 to 6 per cent of the section 
thickness. Fine surface cracks are 
difficult and often impossible to lo- 
cate, particularly in heavy sections 
and other parts of castings of designs 
which do not lend themselves to 
radiographic examination. 

Magnetic Inspection. <As_ previ- 
ously stated, radiographic inspection 
often is unable to reveal fine cracks 
and other harmful defects of dimen- 
sions smaller than a certain percent- 
ave of the section thickness. 

In other cases, defects occur in 
large castings in locations which are 
of such shape and size that it is 
impossible to place the film or the 
source of radiographic energy to ob- 
tain suitable rendition of the defect 
on, the film. Furthermore, harmful 
defects sometimes occur in the most 
highly stressed sections of the cast- 
ing which, however, may be too 
heavy for radiographing. Many of 
these castings are of such design that 
to date it has not been found possi- 
ble to prevent the occurrence of 
cracks with assurance, yet these 
cracks are at times so fine or tight 
that they are difficult or impossible 
to find by visual inspection, radiog- 
raphy, or other means of nonde- 
structive testing so far described. 

General Characteristics 

It is desirable, therefore, to have 
a method of inspection which will 
locate the presence of such defects. 
Magnetic inspection serves this pur- 
pose provided the part being tested 
is capable of being magnetized. 

In general, the magnetic test con- 
sists of magnetizing the area to be 
tested and applying magnetic par- 
ticles in the form of a powder, by 
dusting or spraying with an oil sus- 
pension of the particles. If the piece 
being tested contains no discontinui- 
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ties, the magnetic lines of force will 
tend to folow a continuous path 
through the material. 

If a defect or other metallic dis- 
continuity is present, these lines are 
forced to find a path around the ob- 
struction. If the discontinuity is at 
or near the surface, some of the 
lines of force will pass through the 
air and cause the magnetic particles 
to pile up, thus making the presence 
of the defect readily apparent by 
visual inspection. 

Although a strong permanent 
magnet or an elec tromagnet may be 
used to magnetize the part under 
test, magnetization usually is more 
conveniently accomplished by _pass- 
ing an electric current directly 
through the piece. The current in 
its passage through the metal pro- 
duces circular magnetic lines of 
force in a plane at right angles to 
the direction of current flow. 


Test Methods 

The most popular procedures for 
applying the current to the castings 
are the prod and the all-over meth- 
ods. A third method, consisting of 
wrapping a conductor such as ordi- 
nary welding cable around the part 
in the fashion of a solenoid, usually 
is more convenient in testing finish 
machined parts where even slight 
arcing at contacts might burn the 
finish. 

The prod method consists essen- 
tially of pressing two conductors, 
spaced approximately 6 to 8 in. 
apart, against the surface of the 
casting at the area being inspected, 
thus placing that part of the casting 
in series with the electric circuit. 

While the current is being ap- 
plied, magnetic particles (iron fil- 
ings cloaked in colored powder) are 
dusted over the casting surface be- 
tween the prods and the excess 
powder gently removed by blowing 
obliquely over the surface by lung 
power, or preferably by a controlled 
air blast such as may be obtained by 
using a 5/16-in. I.D. air or oxygen 
hose with the air throttled to about 
2 psi. by means of an acetylene or 
other low-pressure regulator. 

Magnetizing Equipment. The chief 
requirement for magnetic powder 
inspection is equipment which will 
supply current of sufficient amper- 
age at as low voltage as practicable. 

Welding generators, when used 
with certain precautions, will serve 


to produce the requi: 
magnetic powder in 
using the prod meth: VI 
perage in excess of t! 
a single generator is 
chines may be connect 


Arcing 

When using welding 
the source of current ont 
switch should be prov 
the circuit before ri 
prods since, because of thy 
paratively high voltag: 
excessive amount of a; 
occur if the circuit is bi 
moving the prods. 

Arcing may Cause su! 


bon and alloy steels, wil! prod 
hard spots which will interfer 
machining. Arcing should be avoided 
especially on finished machined sy. 
faces. 

Storage batteries provide a r 
portable source of current. E 
storage cell will supply approximat 
ly 300 amperes and, by conn 
the cells in parallel, multiples of 3% 
amperes may be made available. T! 
low voltage (2 volts) eliminates th 
danger of harmful arcing, and there. 


fore the need for contactor switche: 
When using storage batteries care 
should be taken that individual 
tact periods be made as short 
practicable, consistent with eff 
examination, in order to prevent ex- 
cessive discharge of the cells. Be- 
cause of the rapid discharge an an 
meter should always be provided i 
the testing circuit to insure the nec- 
essary current density at all times 


Specially designed magnetic equip- 
ment is available which will provid 
a convenient means of obtaining an 
desired amperage for the prod meth 
od, all-over method, or the wrap 
around method. Although conven 
ient contactor switches are supplied 
the equipment is designed to work at 
low voltages, thus minimizing th 
dangers resulting from arcing 

The all-over method is similar | 
the prod method except that, i- 


stead of spacing the electrical con- 
tactors a short distance apart, Com 
tact is made to each end of the cast- 

osen ¢ 


ing, or other extremities | 
control the flow of the current ane 
the direction of the magnetic flu 
The whole casting between ‘h¢ 
tacts becomes magnetized 
With this greater distance 


> con- 
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n bronze casting 


n 


~ 


ial ins pe ction. 


higher currents, usu- 
housand amperes, de- 
the size and shape of 

compensate for the 
of the contacts. Mag- 
are sprinkled over the 
surface and removed 
anner as in the prod 


the all-over method is 

ipplicable to large cast- 

of speed gained in its 

but is not as sensitive as 

d method by which better 

the magnetizing current 

btained. The prod method 

found more convenient and 

for the inspection of small- 
gs weighing under 500 Ib. 


of the possibility of using 


current concentrations, the 
nethod is more suitable than 
ll-over method for locating de- 
which lie slightly below the sur- 


the casting 


General Practice 

Magnetic inspection is often lim- 
certain critical locations of 
stings. Care should be exercised 
pplying the magnetic particle 
ss operators unfamiliar with the 
types of defects and their lo- 
tion in the casting are likely to use 
test indiscriminately, requiring 
removal of metal under every in- 

tion, whether harmful or not. 
lt is not unusual to limit the use 
test to the detection of surface 
tears and cracks, other defects 


hich are indicated by the test be- 


] 


ig dressed with a grinding wheel to 


termine the depth, often recheck- 
g the ground area before chipping 
is found necessary. 
\ variation of the magnetic test 
r using magnetic particles 
vered with material which fluor- 
under ultraviolet light. As the 
produced by the glowing 


particles are much more distinct 
than those resulting from ordinary 
particles, this method is especially 
useful in testing for defects in the 
bores of cylinders, inside of tubes 
and other locations where the light- 
ing is such that the usual magnetic 
powder indications are difficult to 
distinguish. 

Electrical Conductivity. This 
method is one of the simplest yet 
probably the least used of any non- 
method known, and 
where applicable gives good results 


destructive 


which are reproducible from casting 
to casting. 
where a large number of castings of 


It is practicable only 


the same design are made within 
close dimensional tolerances and 
rather close composition control. 


Procedure 

The method consists of passing 
an electric current through the piece, 
or selected areas on the piece, using 
constant voltage. The success of the 
test lies in the fact that, if all pieces 
are of the same size and contain no 
defects, the conductivity of each 
piece will permit the same amount 
of current to pass. 

If a nonconducting defect exists 
in the casting, the actual conducting 
cross section is reduced and the re- 
sistance is increased proportionately. 
This increase in resistance permits a 
lesser amount of current to pass, 
which fact is determined by an am- 
meter in the testing circuit. 

It is evident that this method is 
applicable only in cases where a 
large number of similar castings are 
to be inspected, and requires a num- 
ber of parts which are known to be 
sound in order to standardize the 
equipment. 

Penetrants. The writers have at- 
tempted to describe the fields of use- 
fulness of radiographic and mag- 
netic particle inspection, and to 
point out that the latter method is 
the only one on which reliance can 
be placed to show positively the pres- 
ence of fine surface defects which 





Fi if Same defect under black 


) } 
licht after fluorescent oil treatment 


cannot be located by visual inspec- 
tion, radiography, or other known 
nondestructive tests 

Unfortunately, the magnetic par- 
ticle method cannot be used with 
nonferrous or austenitic alloys, al- 
though some of the latter may be 
slightly magnetic because of a small 
amount of retained alpha iron, A 
test which will locate positively the 
presence of fine surface defects in 
nonmagnetic castings is desirable 

Oldest of such tests is the one 
commonly known as the “oil and 
whiting test,” in which a thin oil is 
applied to the surface of the casting 
and allowed to remain in contact for 
a time sufficient for the oil to be 
absorbed into any openings by capil- 
lary attraction. 

If all oil is then removed from 
the surface and the part allowed to 
stand for a time, a slight amount of 
the oil will seep from the openings 
and become visible on the surface. 
lo expedite the process, the cleaned 
casting should be painted immedi- 
ately with whitewash which, when 
allowed to dry thoroughly, not only 
tends to absorb the oil from the 
opening (thus hastening seepage), 
but also shows this seepage to ad- 
vantage by the discoloration of the 
white surface. 

Instead of using whitewash, pow- 
dered talc may be dusted over the 
surface. This is not as sensitive as 
a thin coating painted on, but the 
casting is easier to clean afterward. 

A commercial process has been 
developed for the purpose, utilizing 
a highly penctrating oil in which is 
dissolved a substance highly fluores- 
cent under ultraviolet light. After 
sufficient time has been allowed for 
complete penetration and the oil has 
been cleaned from the surface, a so- 
called dusting powder is dusted or 
poured over the surface. 

This powder absorbs the oil from 
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the defect much as ink is absorbed 
by a blotter. The casting is exam- 
ined under black light (an invisible 
form of ultraviolet light), and the 
oil absorbed on the surface by the 
powder fluoresces or glows, giving a 
strong indication of the underlying 
defect. 

Figure 13 shows a tear in a bronze 
casting as seen by visual examina- 
tion. Figure 14 shows the same de- 
fect treated with fluorescent pene- 
trating oil and developing powder 
and viewed under black light. 

Like magnetic inspection methods, 
this latter method using a fluorescent 
penetrating oil shows even the finest 
suriace defect in great detail. How- 
ever, unlike magnetic inspection 
methods it dees not give indications 
of interior derects unless these actu- 
ally reach the surface, in which case 
the indication is limited to the ex- 
posed part of the defect. For in- 
terior defects, even if close to the 
surface, it is necessary to use ra- 
diography or some other method of 
nondestructive testing. 

Supersonics. The use of high fre- 
quency sound waves (pitch above 
the audible range) is at this writing 
the latest development in methods 
of nondestructive testing. If super- 
sonic vibrations are set up at one 
end of an object, the wave travels 
to the opposite end of the piece and 
is reflected back to the point of 
origin, the time of travel being meas- 
ured by an ocillograph. 

Principle 

If a discontinuity lies in the path 
of the wave, this path, and hence 
the time of traverse, is shortened, 
the wave being reflected from the de- 
fect. The wave automatically plot- 
ted on the ocillograph will indicate 
the location of the discontinuity and 
may indicate its approximate size. 

Supersonics have been developed 
to the point where they have been 
used with considerable success in 
examining forgings, rolled plate and 
other simple shapes. Because of the 
usually intricate shapes of castings 
and the comparatively rough sur- 
faces, and also because the most 
likely defects occur at locations of 
compound curvatures, it has not 
been found practicable to apply this 
method to casting inspection beyond 
a limited extent. 

In the near future the process and 
equipment will doubtless be devel- 
oped to the point where an addi- 


NONDESTRUCTIVE INSPE¢ TION 


tional and valuable nondestructive 
testing method will be available. 

It has been the intention of the 
writers to cover briefly the different 
methods of nondestructive testing as 
applied to the inspection of cast- 
ings, and to discuss the comparative 
advantages and disadvantages of 


each. 


Test Value 

The value of any test depends 
upon the ability of the inspector, 
and this probably applies especially 
to those who have the obligation to 
accept or reject castings because of 
the results of nondestructive tests. 
The writers have seen cases where 
serviceable castings have been 
scrapped, and also where castings 
have been accepted only to fail later 
in service. 

An inspector who has not had an 
exhaustive training and been able 
to prove his ability to interpret the 
results of tests correctly should not 
be permitted to pass final judgment 
upon the acceptability of a casting. 
Cases may be mentioned where new- 
ly hired personnel without manufac- 
turing experience has been placed 
in inspection departments and, after 
a few hours’ instruction, permitted 
to reject parts with finality. 

It is the writers’ opinion that a 
person cannot be a successful inspec- 
tor until he has had thorough train- 
ing in manufacturing processes as 
well as in the technique of inspec- 
tion methods and the interpretation 
of tests. 

Regardless of the inspector’s abil- 
ity in interpretation, he cannot do a 
satisfactory job of inspection unless 
he has been given standards of ac- 
ceptance to which he can work and 
which will aid his judgment in mak- 
ing decisions. It is not to be ex- 
pected that the inspector will do his 
work with constant reference to the 
standards. 

Acceptability 

Unless the foundry technique is 
poor or entirely lacking, no question 
will arise concerning the acceptabil- 
ity of good castings, and the same 
applies to those which are rejectable 
without question. Only in border- 
line cases will it be necessary to refer 
to the standards. 

As further interpretation experi- 
ence is gained, the standards will be- 
come more and more like a fire in- 
surance policy, the cost of which is 


paid willingly with th: e thar 
never has to be used 7 


It is believed that 


portant nondestructive mies 
which are currently b; Wary : 
are applicable to the ex nation ; 
castings have been discussed jp 4) 


paper. Detailed descriptions },... 
been omitted as separate arti “ap 
the literature describing de+ i] 
technique and the necessary 
ment are available. 

It must be borne in mind th» 
although an excellent job of Se, 
tion can be accomplished by the y 
of these methods, no method yet g, 
veloped is sufficient in itself to gp. 
termine with finality the presenc 
and extent of all types of defects 


Tests for Defects 

Rather, each method has its ow, 
advantages for certain types and | 
cations of defects, and each method 
usually serves best when used in cop. 
junction with one or more of th 
other tests. Constant development is 
underway with most of the methods 
to make them more sensitive. ep. 
large their field and shorten the time 
necessary for inspection. 

Foundry Use of Nondestructiv 
Inspection. Visual inspection is proi- 
ably used in all foundries. Howey: 
it has been the experience of th 
writers that many castings with sma 
surface blemishes, which would ir 
no way affect the serviceability, hav 
been rejected because visual inspec- 
tion failed to give any indication as 
to whether the discontinuity on the 
surface extended into the body o! 
the casting. 

This has been the case especial) 
with pressure castings and with struc- 
tural castings which might be sub- 
jected to severe loading and reversed 
stresses. in service where an internal 
defect would be liable to progres 
sion as a result of these stresses. In 
such cases it becomes evident that 
a test which would give proo! o! 
internal soundness would introduce 
considerable savings in the foundry 

In spite of this possibility, man 
foundries have shown hesitancy 0 
accepting these new methods of in- 
spection, probably fearing that an) 
method which would indicate the 
presence of defects not found 
previously known methods could not 
fail to increase the percentage of rT 
jected castings. 

It is true that this has }.ppened 
in a number of cases wher radiog- 
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tic inspection were 
methods began to 
of which the par- 


were unaware. 







these same found- 






r the results of this 





ermine the exact lo- 





ve areas, then chang- 





technique to elimi- 





ective areas, it was 







t of the castings could 
d out harmful defects. 
\ by ing the exact extent 








defects it became a 
design 





to suggest 





would reduce the lia- 





indness. 





ography, for instance, 





iminated the necessity 





or breaking castings to 





sundness. One steel 
rted that the cost of 
h would have been cut 








r inspection, had radiography 

tilable, had paid the cost 

radiographic inspection in that 
iry, including the cost of equip- 





jterials and personnel. 
s probable that other foundries 
ve found this to be true. It 
writers’ opinion that with the 







tion of practical nondestructive 





ting methods and with a sincere 





to improve the quality of the 
ngs, foundrymen will find that 
nd castings can be produced eco- 






cally and the use of nondestruc- 
esting a distinct asset instead of 







iability which many have con- 
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DISCUSSION 


n H. W. Warner, Allis- 

Mfg. Co., Milwaukee. 
“Chairman: E. G. LEVERENz, Amer- 
St Foundries, East Chicago. Ind. 
MemBer: Suppose you section a cast- 
















g and find no defects. You go into 
and later find that there is 
leak. What type of non- 
test should be used? The 











defect is there Sectioning did not re 
veal it 
Mr. FREAR As has alread bee! 


stated in the paper there is no singk 
type of nondestructive test which will 
show all defects which may be present 
in a casting. If the defect is a very fin 
crack, radiography might not show it, 
especially if the plane of the crack lies 
at an angle with the direction of the 
rays. If the crack is at or near the sur 
face, however, it will be found easily by 
magnetic inspection 

With the possible exception of supe 
sonics, there is no nondestructive test 
developed to date which will determin 
with certainty the presence of fine in 
ternal defects It is hoped that some 
such method will be developed. Without 
knowing the type of defect, it is difficult 
to answer the question, but probably a 
combination of radiography, magnetic in 
spection and perhaps hydrostatic testing 
would serve to locate the defect 

The hydrostatic test would be more 
effective if applied twice, that is, by 
loading, removing the load, and ther 
reloading. If the casting withstands al] 
these tests the chances are that no fur 
ther trouble will be experienced 

J. NABREZNY The author spoke of 
sounding of castings as being an obsolete 
method of inspection In the malleable 
foundry industry, in conjunction with 
visual inspection, it is one of the best 
methods of determining cracked castings 
before the castings are annealed Also, 
it is one method of determining whethe: 
a casting is properly annealed. It must 
be done by properly trained personne] 
In some industries sound inspection is 
of little value because of the material 
being inspected 

Mr. FrReEAR: We did not mean to con 
vey the opinion that the use of percus 
sion testing was obsolete, even though we 
did not like it in the majority of cases 
Of course, in those cases where a defect 
can be found by this method, it is a good 
one to use, but most castings are of such 
shape that the presence of harmful de 
fects would not be determined 

Mr. NABREZNY With visual inspec 
tion you can examine a casting carefully 
and find no cracks, but if you sound 
that same casting you will find a dead 
sound and by more careful inspectior 
you will locate the crack We have 
found castings that we have sounded 
and they sounded dead and by breaking 
up the casting we have located the 
failure. It is not 100 per cent reliable 
and even radiographic inspection is not 
100 per cent, but I think it is one of 
the best ways in the malleable industry 
for segregating cracks in the hard iron 

Mr. Frear: We must admit that in 
preparing this paper we omitted this 
very important test on hard malleable 
iron, even though one of us has used it 
on hundreds of such castings. It is an 
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CHAIRMAN WARNER \ tle 
isked mi ibout nondestructis nspe¢ 
tion of castings particularly or starting 

production rulr sometimes the 
tomer wants trom 1.000 to 5.000 cast 
ngs immediately It has becor tl 
practice under the circumstam to 
check them visually with the result that 
you find yourself ir i pred ment whet 
the customer in machining thet runs 
into segregations along the line causing 
1 leak or defective casting He tI 
find 50 per cent ol these castings de 
fective Chrough either improper gating 
irrangements, solidification of the iron 
o! steel, o1 pouring temperatures, he 
may get 50 per cent scrap out of one of 
the pieces In this case th foundryman 
is definitely t fault because visual in 
spection did not insure sound castings 

I his gentleman wanted to know 


whether it would not be advisable to test 


magnetic powder inspec 


a trial run by 
tion. It is a good idea You do not 
have to make a complete examination of 
the castings but you can take one or 
two out of every 50 or 100 pieces and 
inspect by either magnetic powder or 
X-ray In the particular job under dis 
cussion there was a defect ibout % in 
below the surface of the casting It 
would be difficult to pick it up through 
magnetic powder test unless the defect 
showed through minor outside surlaces 
Then it would show up. Otherwise, on 
that particular iob it would be neces 


sary to use x-ray examination 


Michiean Malleable Iron, Detro Michigan 
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THE THREE MAIN require- 
ments for the commercial produc- 
tion of die castings are as follows: 

1. A properly designed metal die 
to produce the desired part econom- 
ically; 

2. A machine with a means of 
injecting metal into the die at the 
proper speed and pressure and 
which will hold the die components 
in alignment under operating condi- 
tions; and 

3. An alloy which has the proper 
characteristics for casting and which 
will give the desired physical prop- 
erties to the casting. 

Die Casting Dies 

The design and construction 
of the die casting die is extremely 
important to the success of the sat- 
isfactory commercial production of 
die castings. The dies for die cast- 
ing aluminum are made from alloy 
steels nominally consisting of 5 per 
cent chromium, | per cent molyb- 
denum, and 0.4 per cent carbon. 
This steel is heat treated after 
machining and will be satisfactory 
for making 50,000 to 500,000 cast- 
ings or more, depending on the size, 
shape, etc., of the casting. 

Heat Treatment of Dies. The dies 
are heat treated by placing the 
blocks comprising the die in a heat 
treating box with a few pieces of 
charcoal, or by imbedding the 
blocks in cast-iron chips. In either 
case, the box is covered, the joint 
sealed to exclude air, and the con- 


tainer and contents placed in 
a muffle furnace where they are 
heated at a rate of about 100° F. per 
hour until a temperature of 1200° F. 
is attained. They are held for two 
hours at 1200° F. to equalize the 
temperature of the box and con- 
tents before increasing the temper- 
ature at the same heating rate to 
1600° F., at which temperature they 
are held for an additional two hours. 
The temperature is increased at the 
same heating rate to 1800-1850° F., 
at which temperature the dies are 
held for one hour per inch of thick- 
ness plus one hour. 

The die blocks are removed 
as quickly as possible from the con- 
tainer and allowed to. cool in still 
air to about 300-500°F., so as to 
minimize distortion. They are then 
tempered at 1050° F., for six hours 
per inch of thickness, removed from 
the furnace and cooled in air. Hard- 
ness should be between 416 and 460 
Brinell (444 desired) with a 3000- 
kg. load. Although little scaling 
takes place, that which occurs can 
be removed by descaling process 

It is the practice of some die 
casting plants to produce a limited 
number of sample castings from a 
die before heat treatment, but most 
plants discourage this practice be- 
cause, in the running of sample cast- 
ings, the slides and cores are apt to 
gall, and the alloy cast may “solder” 
(alloy) to the soft die walls. Heat 
checking of the die also is acceler- 
ated by this practice. 

The die steel can be nitrided 
after heat treatment to produce a 
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harder surface by treating at 9° 
1050° F. in a closed containe: 
dried ammonia gas. 

The die itself consists of | 
parts, namely, a cover die and x 
ejector die, which define th 
faces of the desired part. The 
dition of an ejector plate and eje 
tor pins behind the ejector dir 
vides a means for removing th 
casting from the die. Such a di 
shown in Figs. 1 to 4. 

Interior openings are formed 
in die castings, as in sand casting 
by the use of cores, and reductio 
of machining cost thus is obtainabl 
as might be expected. Since 
but parallel cores would interfer 
with the removal of the casting fror 
the die, cores must be provided wit! 
means for removal from the cast- 
ing before they interfere with either 
the opening of the machine or thy 
ejection of the casting. 


Casting Ejection Mechanism 


A die casting is designed to stick 
to the ejector die and is re- 
moved with the aid of pins (called 
ejector pins) which are held by th 
ejector plate. The plate can be 
moved by a rack and pinion, which 
can be operated manually, hy- 


draulically, or by means of a link- 
age to a part of the casting ma hin 
Direct connection to hydraulic cy'- 
inders also is used, as are various 
cam arrangements. 

Ejection can also be accom 
plished by means of a bar on th 
casting machine, which st the 
ejector plate as the die opens and 
so receives its name “bump ejec- 
tion.” A more recent method n- 
volves the use of tapered blocks 
which die cavities are cut. When 

for- 


these tapered blocks are m« 
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g will take place. 
metallic or non-metallic, iron, steel, 
rass, bronze, graphited bronze (oil- 
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they carry the 
them and open up in 
the taper. By this 
xternal undercuts can 
and the undercut will 
as 1t opens so that the 
be removed. 
tor plate usually con- 
| large pins, ground 
flush with the face of 
vhen the ejector pins are 
When the 


sed. these so-called “sur- 


sting position. 


’ enable the ejector pins to 
without being bent or broken 
with the cover die, and 

ays in position to eject. 

Special properties which are 
haracteristic of the cast alloy 
ently are required at certain 
ts in a casting. Under such re- 
nents the die and the part to 
cast are designed so that 
usly fabricated parts (termed 
having the desired proper- 
are anchored in the casting by 
ast metal (Fig. 5). Inserts pro- 
greater wear resistance, 
conductivity, 
ring, magnetic and spring prop- 


s, and simplify design by join- 


ng several castings into a unit when 


ring and undercuts make such de- 
s necessary. 

These inserts are usually keyed, 
undercut in such 
way that they will not turn or 
ll out of the casting, but can be 


signed so that some relative mo- 


1 between the insert and the cast- 


They may be 


ring), phenolic and other 


type resins, and even wooden in- 
verts have been used. 


Inserts may 

duced as screw machine 
ducts, stampings, forgings, etc. 
Dies designed for one impression 














only are called single dies; if for 
more than one impression of the 
same part, they are called multipl 
dies, which may yield, in some Cases 
as many as forty impressions. Dies 
can give impressions of different 
parts, so that all the castings required 
for one assembly may be made in one 
shot. Such dies are called combina- 
tion dies, which can be made so that 
some of the impression blocks can 
be replaced by others. The lattet 
are referred to as interchangeable 
dies. 

Holding dies, made by machin- 
ing cavities in the large die 
blocks into which standard small 
dies for various parts can be in- 
serted, are a variation of the inter- 
changeable die and are known as 
unit dies. Holding dies will hold 
six unit dies at one time, and each 
of which, depending on the size of 
the casting to be made, may yield 
impressions for several parts. 

The unit die method has made 
it possible to produce small parts 
economically by dividing among six 
dies the labor required to make each 
shot. Obviously, the same alloy 
should be specified for the parts to 
be run simultaneously. Where di- 
mensions must be held to the lowest 
possible tolerances, single dies must 
be used. 

Die Casting Machines 

The die casting machine can be 
considered as consisting of two 
major parts, namely, one to hold 
the die, and the other to hold and 
or inject metal into the die cavity. 
Basically, the die supporting part of 
the machine is the same, regardless 
of the method used for metal in- 
jection. It consists of a rigid frame 
and a means for closing the die, 
locking it under pressure, and later 
opening it to allow the casting to 
be removed. The schematic draw- 


} 
ejector pin plate 





Figo. 1 (left Cover and ejector dte 
blocks. Fig. 2 (right Ejector di 
block mounted on die base with 
assembled and 
ver die block 


ing of a die casting machine shown 
in Fig. 6 is self-explanatory. 

Machine Frame. The frame of 
the machine must be rigid enough 
to support without deflection the 
weight of dies which may be placed 
on it. It must be adequately mas- 
sive so that the pressure exerted on 
the injected metal does not stretch 
the structural bars and allow the die 
to open during the “shot.” This 
condition would not only make it 
difficult to maintain the dimen- 
sions of the casting across the die 
opening, also, because of the loss of 
pressure on the metal, would lead 
to decreased density of the casting. 
The liquid metal which would be 
sprayed from the die in such a case 
would be dangerous not only to the 
operator of the machine but to 
others in the vicinity. 

Although machines may be op- 
erated both vertically and _hori- 
zontally, most modern machines 
are built for operation in a _ hori- 
zontal position. This feature makes 
it easier to change dies. 

Die Actuating Mechanism. The 
devices for opening and closing the 
die are usually hydraulic cylinders 
directly acting on the movable plate, 
or in combination with a mechan- 
ical linkage or toggle. The pres- 
sures required to hold the die to- 
gether are 600 tons in many cases, 
and probably sometimes more. 

There are two methods of inject- 
ing metal in general use. They are 
the “gooseneck” method and the 
“cold chamber” method. 


“Gooseneck” Method. The older 
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or “gooseneck” method involves 
metal injection by the application of 
air directly on the surface of the 
liquid metal in a container called a 
“gooseneck.” The ‘gooseneck’ is 
supported in the molten bath and 
is refilled after each shot by dipping 
the nozzle under the surface of the 
bath. 

The steps in the 


casting cycle 


using the gooseneck machines are 
as follows: 

1. Close the die, then raise the 
gooseneck from the “at rest” po- 


te. © $3 
casting 


sition in the bath to the 
position, with the gooseneck nozzle 
held firmly in the bushing at the 
pouring gate. 


Fig. 3 


2. Make shot by 
pressure on the top of the metal in 


applying ai 


the gooseneck, forcing liquid metal 
through the gate into the cavity. 

3. Maintain this until 
the casting has solidified. 


pressure 


4. Lower the gooseneck to start- 
ing position. 

5. Open the die and eject the 
casting by moving the ejector pins 
forward. 

The process is repeated after re- 
tracting the ejector pins. A simple 
sketch of the “gooseneck” is shown 
in Figs. 7 and 8. 

Objections to 
Machines. This type of die casting 
machine _ has 


Goose neéc k 


several objections 





Die base (left) and ejector pin plate assembly. 





Fig. 4—Die mounted on machine. 


ALUMINUM ALLoy 


which have resulted 
diminishing use. Sin 


200se. 
neck and metal pot ar from 
cast iron and the goo wil 
up and down in the 


shot, the molten alu; 


dissolves iron from the arts a 
it becomes almost impo > call 
trol the iron content ir Castine 
The iron content by sp 4 
usually allowed to rise t niga 


in castings made by t 
which does not give the st pre 
erties to the metal. . 

It has not proved pract 


1O Use 
air pressures over 500 to ° psi. in 
this process, and the castings ap 


not as dense as those made by the 
newer “cold chamber” process wit! 
its higher pressures. 

The gooseneck machin 
more dangerous to operate t! 


in the 


cold chamber machine, b: 
metal may squirt out between the 
nozzle and the die. The metal. 

it enters the pouring gate, is sprayed 
into the cavity and these oxide-coy- 
ered sprayed particles trap air fron 
the gooseneck, nozzle, gate and thy 


AUS the 


die cavity in the casting. 

“Cold Chamber” Method. T| 
“cold chamber” method is now t! 
process in most general use. [1 
method, a piston operated by a |} 
draulic cylinder applies pressur 
the metal in a chamber which 
charged by hand ladling.  T! 
mechanism is used both verti 
and_ horizontally, although 
machines use the horizontal typ 

The steps in the cold chamber 
casting cycle are as follows 

1. Close the die. 

2. A ladle of the 
which will furnish just enough met: 
to fill the cavity, gates and over- 
flows, and leave a plug in t 
chamber about 3% in. to | in. thick 
is used to ladle metal from th 
holding pot to the chamber: 

3. The piston is moved forwarc 
by the hydraulic cylinder, with th 
speed controlled by a valve set t 
fit the conditions, and forces th 
metal in the chamber ‘hrougii th 
gate into the die. 

4. When the metal has solidified 
the die is opened, and since the pres- 
sure is still being exerted by the hy- 
draulic cylinder, the plunger pushes 
out the slug remaining th 
chamber and is then withdr wn ¢ 
its starting point. Cores are with- 
drawn and the casting eje: 

Objections to Cold Camber 


prope r Siz 
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howing inserts. 





Machine The objection to the 
ontal cold chamber is that the 
leeve is only partially filled 
etal, which starts to solidify 
¢ the walls of the sleeve as soon 
is poured. The advancing 
nger gathers up liquid and solid- 
= 1 metal, and the air above it, and 
them all into the die. Prac- 
considerations, such as speed 
eration, have caused the hori- 
chamber to be favored over 
vertical. The vertical sleeve does 
have the objections just cited, 
the plunger tends to stick and 
COSS 1S slower. 

Advantages of Cold Chamber 
rd Method. Since the hot metal is in 
he ntact with the walls of this cyl- 
t nder for only a short time and is 

d out of a pot which can be 
’ ted or enameled to prevent iron 

k up, the iron content of the cast- 
4 ng alloy can be controlled to a 
‘- cI wer figure than in the 

machine. Iron contam- 

n, if necessary, be kept at 
t . er cent or below. Castings 
( ide from alloy of low iron con- 
r to the die in many cases, 
this reason most specifica- 
v 1.3 per cent Fe, which 



































































causes only a slight reduction in 
physical properties of the casting 
Injection plunger speeds may 


vary from 259 in. per sec. to 5 in 
per sec. At the higher figure, the 
metal is sprayed into the die, while 
at lower speeds the 


changes to a flowing stream. Larger 


metal feed 


pouring gates are required for slow 
Slower 


used only for heavy-walled castings 


plunger speeds. speeds are 


In other words, the volume of 
metal entering the die per unit of 
time, determined by the gate cross- 
section and the pressure on the 


How - 


ever, it frequently is impossible in 


metal, is the deciding factor. 


thin-walled castings to use a gate 
sufficiently large to fill the cavity 
properly at low speeds if the gate 
must feed into too thin a section 
The pressures involved in_ this 
method vary from 2500 psi. on the 
metal to as high as 100,000 psi., al- 
though most work is done somewhat 
below 20,000. 


castings can be produced by the 


Denser and stronger 


cold chamber method than can be 
produced on the gooseneck machine 

A die casting alloy should have 
a short freezing range to minimize 
cracking of the casting in the die 
during solidification. It should have 
a composition low in contaminating 
residual impurities, and of course 
should be gas free and dross free. In 
order to achieve these purposes, it 
is necessary to start with metal of the 
desired purity, and then control the 
process so that the metal in the fin- 
ished product is unchanged 


Most die casting concerns now 
purchase their already al- 
loyed. However, all incoming metal 
should be carefully analyzed to make 
certain that it meets the specifica- 
tions under which it was purchased. 

Whenever the hourly require- 
ments for molten alloy are high- 
for example, 1000 Ib. per hr., melt- 
ing can best be accomplished in re- 
fractory-lined reverberatory type fur- 
naces. Although they usually are 
fired by gas or oil, in special cases 
coal has been used as a fuel. No 
iron is picked up by the molten 
metal. The large surface of this 
type furnace aids in securing con- 
tact between the molten metal and 
the flux, and makes drossing more 
complete. The movement of the 
metal through the furnace is slow, 
compounds present will be depos- 
ited as a sludge in the bottom of the 


metal 
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later drawn off 


furnace and 


The metal drawn out of the re 
verberatory usually is delivered in 
pre-heated bull ladles directly to the 
pots at the casting machines If 
molten metal is delivered in this 
fashion, the temperature control of 
the metal in the pots can be main- 
tained within closer limits than if 
ingots or solid scrap are added di- 
rectly to the pots 

If the demands of the casting 
room are too low to justify the use 
of a reverberatory furnace, other 
methods of melting can be substi- 
tuted. These range from horizontal 
cylindrical furnaces 


haps 1500 Ib., 
naces holding 500 Ib., to melting 


holding _ per- 
through tilting fur- 
furnaces placed at each machine, 
melted and 
ladled into the holding pot at the 


where the metal is 


machine as required 


Metal Temperature Control 


Both the melting furnace and the 
holding furnace should be tempera- 
ture controlled to avoid overheating 
of the metal and to maintain the 
temperature found by experiment 
Auto- 
matic control has been found su- 


to produce the best castings. 


perior to manual control of tempera- 
tures. 

The holding furnaces usually are 
gas-fired, designed to allow holding 
250 to 300 ib. of molten aluminum 
Either cast iron 
pots (which can be coated with 


at the machine. 


enamel or other materials to reduce 
the iron pick-up) or refractory pots 
are employed, the latter being more 
brittle than the cast iron but not 
soluble in the aluminum alloy 

In the die casting industry, gates 
and sprues represent a considerable 
percentage of the weight of an un- 
trimmed casting. Such scrap, plus 
reject castings, represents 50 to 75 
per cent of the metal melted. 

Reverberatories are operated by 
charging as much metal into the 
melting chamber as will sink into 
the bath and by repeating this pro- 
cess as soon as a charge has melted, 
until the furnace is full. Usually a 
ratio of two or three parts of gates 
and other scrap is melted with one 
part of ingots in each charge. 

A sample for analysis is taken and 
is analyzed by spectrograph, a com- 
plete analysis of a heat being made 
in 20 to 30 minutes. During this 
period, if much dross is on the sur- 
face, it is fluxed with mixtures of 
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Fig. 6—Schematic drawing of die casting machine. 
5 _ 5 


salts such as sodium fluoride, potas- 
sium fluoride, sodium chloride, etc., 
which can be mixed in the plant or 
purchased as a proprietary flux. The 
dross should be cooled as quickly as 
possible to prevent oxidization of the 
contained aluminum, which usually 
is sold to a secondary aluminum 


dealer for recovery. 


Metal Analysis Control 

When the analysis has been re- 
ceived, metal composition is cor- 
rected and the metal taken by bull 
ladles to fill holding pots as needed. 
As much as 4000 Jb. can be taken 
from a reverberatory holding 7000 
to 8000 lb. before recharging. In 
the meantime, if metal demand is 
creat, other reverberatories are run 
in overlapping cycles. 

A reverberatory can be continu- 
ously charged at one end and dis- 
charged at the other, but control of 
the metal analysis is less exact with 
the batch method of melting. 

Inasmuch as most foundries use 
more than one alloy, it is desirable 
to analyze the holding pots regularly 
to avoid mixing of alloys. The high 
magnesium type alloys usually are 
melted in small melting furnaces, as 
are alloys of high purity where the 
quantities desired are low. It is al- 
so desirable to flux or skim the hold- 
ing pots several times a day to re- 
move the dross, which may cause 
machining difficulties in castings. 

Aluminum Base Alloy Properties. 
The outstanding characteristics of 
aluminum die castings are: 

1. Low specific gravity. 

2. Corrosion resistance. 

3. Retention of luster for longer 


periods of time after polishing. 

4. Freedom from _ dimensional 
changes. 

5. Retention of properties at sub- 
normal temperatures. 

6. High thermal and _ electrical 
conductivity. 

This combination of properties 
has resulted in wide use of alum- 
inum die castings. The average spe- 
cific gravity of aluminum die cast- 
ings is 2.80, as compared with 1.80 
for magnesium base alloys. For many 
applications, especially small parts, 
this weight differential is negligible. 

The ability of a part to take and 
hold a polished luster is most im- 
portant, and advantage is taken of 
this property in the finishing of 
many die castings. 

Aluminum die castings have ex- 
cellent corrosion resistance in the as- 
cast state. When it is desired to in- 
crease resistance to attack by cor- 
rosive media, the anodizing treat- 
ment may be resorted to, since it 
greatly enhances corrosive _ resist- 
ance. 

Aluminum is one material cap- 
able of withstanding extremely low 
temperatures without affecting orig- 
inal ductility. For this reason, 
aluminum die castings have found 
extensive use in aircraft refrigera- 
tion and similar applications where 
temperatures of —60° F. or lower 
are encountered. 

Many aluminum alloys have been 
used for die castings, but most die 
casters now use three main types, 
as shown in Table 1. 

Silicon-Aluminum Type Alloys. 
Alcoa alloy 360 is a high strength 
alloy which probably will replace 


Alcoa 13 (ASTM S39). The fo, 
does not show the segregations 
primary silicon in the center 
heavy sections when cast on cert 
type casting machines. These segre. 
gations, known as eutectic ch 
flakes, are frequently found in cast. 
ings of the 12 per cent silicon alloy 
Either of these alloys is used whe: 
a fluid alloy is required to fill com. 
plicated and thin-walled shay 
where good corrosion resistance 
required. 


Difficult to Cast 

A special grade of the 12 per « 
silicon alloy (Alcoa 13x), contain- 
ing a maximum of 0.8 per cent iron 
is somewhat more difficult to cast 
than the standard Alcoa 
ASTM S9), but produces casting 
with higher ductility, shock resistance: 
and corrosion resistance. 

Copper-Silicon Type Alloy. This 
alloy is an outgrowth of World War 
II. It is based on the use of 
craft scrap, most of which has a 
per cent copper content. By eli 
inating most of the magnesiun 
the scrap and adding up to 9.5 per 
cent silicon, an aluminum alloy 
obtained which has been founé 
quite satisfactory as a die casting 
alloy. It possesses good casting 
characteristics and has excellent 
physical properties. 

This alloy was used almost ex 
clusively for aluminum ammunition 
component castings and other uses 
to such an extent that it can be 
considered a general purpose alum! 


num die-casting alloy. In_ th 


author’s opinion, this alloy ™a) be- 
come the general die casting alloy 
for post-war use, because o! ow cost 

Magnesium-Aluminum | Alloy 


The ASTM G2 alloy 1s best 
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d by casting other 
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Coy ial die castings 
ed which can be both 
ted and precipitation 
lthough die castings as 
iot be given a solution 
ent because they will 

low-tempera- 









However, a 
will result in enhanced 






rties if the alloy is normally 


ed by complete heat treat- 







Si lie castings are made in 
t is obvious that the shape 
isting must be such that it 
withdrawn readily from the 
[his is accomplished by con- 
the die without undercuts 
and with 
tapers on all surfaces. 
Taper All external 
iid be designed with a continu- 
taper, maximum at the parting 
f the die. It should be as large 
, with a minimum allow- 
taper of 0.010 in. per in., ex- 
for small depths where, if re- 
straight sides can be cast. 
nimum taper that should be 
cores is 0.015 in. per 








is noted below), 






surfaces 






possible 











signed for 





d the largest dimension must 

the base of the core. The 

for the larger draft allow- 
internal surfaces is readily 
nderstood when the large thermal 
traction of aluminum and its al- 


nsidered. 









| uts. Internal undercuts 

yr . > 
be cast only by the use of col- 
ipsible cores. Such undercuts slow 





ting cycle, cannot be con- 

led as accurately as can sections 
lid steel, and add to die cost. 
External undercuts are produced 
pieces in the die, which are 
ted with the casting and must 











be removed and replaced in the die 
for another shot by the use of 
slides, or by “angular ejection.” The 
use of these methods may 
“flash” on the 


which must be removed. and may 


lead to 
excessive casting 
result in reduction of dimension ac- 
curacy, higher die cost. 
speed of production. 


and sh wel 


Redesigning 

Therefore, before planning to cast 
undercuts, it is always wise to con- 
sider redesigning the part so that it 
will accomplish its 
simpler casting. 
cases, undercuts should be used and 
will show savings. 


purpose as a 
However, in many 


Cores. Cores should be designed 
to provide the highest possible ratio 
of diameter or thickness to length 
Long, thin cores should be avoided, 
as they have a tendency to burn out 
and bend or break, thus increasing 
die maintenance. Through cores, 
with both ends supported, should 
be used for small wherever 
possible. Interlocking cores may in- 


holes 


crease die maintenance costs 
through breakage. 

Parts should not be designed with 
through the 


The flash 


openings completely 


casting, unless required 
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that will appear around the opening 
at the far end will require an extra 
Where possible, 
maintain 


cleaning operation 
used to 
thickness and for 
They 


also be used whereve! openings are 


cores should be 


uniform section 
reduction of weight should 
to be drilled or tapped, since the 
density of metal is greater in heavy 
sections around cores than in un- 
cored heavy bosses. where shrinkage 
voids tend to appear 

Cores can be used to produce 
openings of shapes that would be 
difficult if not 


machine. Very small openings are 


impossible to 


not cored, since the cores would re- 
quire frequent replacement, and 
such openings usually can be drilled 
more economically. No opening less 
diameter should be 
length of the 
exceed four times the 
diameter. Cores of % in-1 in. di- 
ameter may have an unsupported 
length of six to eight times the di- 
ameter of the opening 

Bosses 


vided on die castings and should be 


than 3/32 in 
cast, and the core 


should not 


Bosses are frequently pro- 


cored to provide metal of sufficient 
density for tapping. Outside threads 
should not be used on bosses, but 
where outside threads are required, 


Table 1 


COMPOSITION AND PHYSICAI 


PROPERTIES OF ALUMINUM 


Dre Castinc ALLoys 


Alloy Type — a 


Copper- 
Silicon- Magnesium- 
Silicon-Aluminum Aluminum Aluminum 
Designation 
ASTM s9 SC6 G2 
Alcoa 360 A380 218 
Composition (per cent)" 
Copper ; 0.6 0.6 3.0—4.0 0.2 
Silicon 11.0-13.0 9.0-—10.0 7.5—9.5 0.3 
Iron io ‘2 1.3 1.8 
Magnesium 0.1 0.4—0.6 0.1 7.5-8.5 
Manganese 0.3 0.3 0.5 0.3 
Zinc 0.5 0.5 0.6 0.1 
Nickel 0.5 0.5 0.5 0.1 
Tin ; 0.1 0.1 0.3 0.1 
Total other impurities 0.2 0.2 0.5 0.2 
Properties* 
Tensile strength, psi. 40,000 42,000 41,000 42,000 
Yield strength, psi.(0.2 percentset) 18,000 23,000 23,000 23,000 
Elongation, per cent in 2-in. 2.0 2.0—4.0 3.0 5.0 
Charpy impact, ft. Ib.’ ne 2.0 2.0—5.0 3.5 10.0 
Specific gravity..... 2.66 2.68 2.76 2.53 
EY TPO, Bis ccinsilecesncsdsnictinisons 0.096 0.097 0.099 0.091 
Melting point, °F.. 1065 1110 1090 1160 


1 All percentages are maximum unless a range is shown. 
2 Typical physical properties on die cast aluminum test bars. T 
rties of castings but are used as a guide for engineers in design. 


the pro 


* Impact determined on Y%-in. x %-in. bars. 


These properties do not exactly represent 
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Fig. 7—Aluminum gooseneck machine in open position. 


an insert of some other material used in aluminum since they are 
should be used. Speed nuts should stress raisers, hence not desirable. 
be employed if possible. Tolerances. The basic advantage 


of die castings over other aluminum 
castings is that a die casting is cast 
to the finished size in most cases, 
with little machining required in 
other cases. The surface is smooth, 
and openings of any shape can be 
cast to precise dimensions and to 
exact spacing. 

The dimensional variation be- 


Section Thickness. A_ casting 
must have a minimum thickness of 
0.060 in. to cast well in small areas, 
and as much as 0.090 in. or more on 
long, flat sections. The usual re- 
quirement is that the thickness be 
one-thousandth of the area cast. 
Section thickness should be as uni- 
form as possible, and where changes 
in section occur they should be made tween castings from the same die is 
as gradual as possible by means of low. For example, tolerances on 
fillets. Fillets should be used at all those parts of a casting made in the 
solid die (exclusive of dimensions 
across the parting line, or across 
lines where slides join the die) are 
only 0.0015 in. per in., with a mini- 
mum tolerance of 0.003 in., al- 
though the required tolerance across 
the parting line is greater. 

Where machining to close toler- 
ances is necessary, a_ stabilizing 
treatment may be given the cast- 


changes of section and should be as 
large as practicable. 

Too great a_ section thickness 
should be avoided because, the 
thicker the section, the greater the 
tendency toward porosity. Contrari- 
wise, the thinner the section, within 
the limits of casting practice, the 
less the porosity. 

In order to avoid heavy sections, 
ribs are used to provide greater 
strength and stiffness than would be 
afforded by a flat, thin section. 
Shadow marks on the flat side over 
a rib may be avoided if the thick- 
ness of the section is great enough, 
perhaps 0.100 in. or if the rib 
width is kept below 70-80 per cent 
of the section thickness. 

Threads. Threads are not ordi- 
narily cast on aluminum die cast- 
ings. However, external threads 
have been cast by the angular ejec- 
tion method on millions of shell 
parts during the war—with a coarse 
pitch of about 12 threads per inch. 
Internal threads usually are made 
by drilling and tapping a cored 
hole. Cut external threads are not 





Fig. 8—Aluminum gooseneck machine in closing position ready to make sh 





GOOSENECK 
POSITION 


ALUMINUM ALLOy ( 


ings. This consists ix 
castings to 450° F., ar 


this temperature for to fry 
hours. The casting ar olidific. 
tion strains are relieved. and pp, 


tically no further ch 
mensions will be experienced 
Since a die casting is 


rapidly chilled metal, t! al 


is small and physical properties , 
test bars as die cast are higher thay 
test bars from the same alloy me ee 
in sand or gravity permanent | 


Size of Die Castings. At presen 
aluminum die castings do not ar 
ally exceed 15 Ib. in weight. ) 
though there is no practical reaso; 
why castings considerably large, 
could not be made if required. How. 
ever, the dies would be much mor 
expensive, and larger machine 
might be required than thos 
in general use. 

Trimming Die Castings 

When a die casting comes fr 
the machine, it consists of the cas. 
ing or group of castings conne: 
by gates to the sprue and 
rounded by overflows, flash 
ejector pin pads. These must be re- 
moved before the casting is used 
Unless the gate is very heavy, or th 
casting quite fragile, the gate 
broken off before removing other 
excess metal. When the gate car 
not be broken off, it is either sawed 
or cut off in a chopper. 

Whenever possible, the balanc 
the group is placed in a trimming 
press, operated either by foot or 
mechanically, and all excess metal 
around the parting line is removed 
simultaneously. Sometimes it } 
necessary to separate the castings 
made at one time and to triin then 


. 
} 





IN SHOOTING 














REPORT 


nd filing is avoided, 

where trimming 
be done or can be 
pletely. Small lots 
d filed. Some sur- 
nding on disc grind- 
belts 


nspection 
Rofo) aluminum die cast- 
he process of casting, 
of inspection are em- 
d ding on the end use of 
only way of non-de- 
king the internal con- 
casting is by means of 
on film or by fluoro- 


Pr pection Die casting 
lucers utilize their radiographic 
iD! luring the initial stages 
production in order to correct 
ting, overflows, etc., un- 
die is producing acceptable 
tv castings. By means of reg- 
Jar checking, quality is maintained. 
The castings may also be subjected 
percentage checks up to 100 per 
if the application requires it. 
Fluoroscopic inspection is less ex- 
than film radiography, but 
sensitive, in the author’s 
pinion, since it is only capable of 
tecting defects three to five times 
large as can be detected by film 
liography. In all cases, the end 
of the casting determines the 
xtent of inspection required. 
End Use Tests. Castings are de- 
ned for use where definite me- 
hanical properties are required. 
sts subjecting castings to loads 
| to, or greater than, service re- 
lirements are applied, insuring 


satisfactory performance. 


Castings frequently are required 
pressure applications. In such 
ses, they are pressure tested by 
pplying gas or hydraulic pressure 


specific sections. 


Aluminum Die Casting Applications 
[he applications of aluminum 
castings extend to practically all 

ndustries. A few examples of their 

se by industry follow: 
Household Utilities. Vacuum 
eepers, washing machines, ironers, 


reingerators, food mixing devices, 


king utensils, waffle molds. 


Electrical Industry. Motor hous- 
ngs, motor end shields, generator 
housir instrument cases and 


telephone, radio, radar and 
“evision parts, phonograph parts 
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Fig. 9—Sectional diagram showing the die, cold chamber, and horizontal 
ram or plunger (in charging position) of a modern cold chamber type of die 
casting machine 


and record changers Marine Industry: Portable Tools 
Optical Industry. Cameras, pro- 
jectors, binoculars, microscopes. 


Die Cast Surfaces 


Aircraft. Various starter motor Surface as Cast. A die casting 
parts, conduit boxes, airscoop, car- has a very smooth surface as cast, 
buretors, hardware. but a large flat area is difficult to 

Business Machines. ‘Typewriters, polish to a brilliant luster, hence the 
adding and tabulating machines, area usually is designed with a 
stenotype cases. raised surface. A depressed design 

Automotive Industry. Trim, car- on the surface results in high die 
buretors, generator parts, brake costs, since it requires cutting away 
shoes and hydraulic brake parts die surface to leave raised design. 











3 4 


Fig. 10—Diagram illustrating four stages in the production of cup shaped 

die castings in a cold chamber machine having a horizontal plunger: 1 

Ladling metal into cold chamber. 2—Molten metal after it is forced into die. 

3—Cores withdrawn, die opened and plunger advanced to eject casting from 

fixed half of die. 4—Plunger withdrawn and ejector advanced to force gate 
of casting from ejector half of die. 











208 


Where a number or design is re- 
quired below the surface, it usually 
is obtained by placing the design 
on a standing pad, thus forming 
raised letters on the casting below or 
flush with the surrounding surface. 

Ejector pin marks are undesirable 
therefore are frequently placed on 
pads which, attached to the casting, 
can be broken off in trimming. 


As-Cast Surface Standards 

No standards are available for 
surface finish in the die casting in- 
dustry. However, the notes below 
may prove helpful: 

Decorative Finish. This finish 
represents the ultimate in casting 
surface finish and can be attained 
with a 220-grit grease wheel at the 
parting line only, followed by buff- 
ing of the entire part. Parting line 
must be evenly matched and solid; 
shrinkage areas at parting line are 
not acceptable. Solder and waves 
are not acceptable. 

Service Decorative Finish. This 
finish is required on parts from 
which service as well as ornamenta- 
tion are expected. In addition to 
the 220-grit grease wheel at the 
parting line, spot polishing with the 
same wheel is anticipated. Slight 
solder, waves and small surface 
run marks are allowed. Parting 
line must be evenly matched, and 
shrinkage spots at parting line held 
to a minimum. Slight porosity at 
gate is acceptable. 

Commercial Die Cast Finish. 
Polishing of parting lines and spot 
polishing to start with a 180-grit 
grease wheel. Light solder, waves, 
run marks and shallow surface 
porosity are acceptable. Slight 
porosity at gate and parting line, and 
slight shrinks at parting line, are 
acceptable for this grade. 

Mechanical Finish. A finish spec- 
ified where solidity and strength 
are the prime requisites. Porosity 
cannot be accepted, but slight shrink 
spots and waves may be acceptable. 
Parting lines should clean up in die 
trimming or should be filed. 

Paint Finish. Finish specified 
where a ground coat is applied be- 
fore the finish coat. Surface im- 
perfections such as run marks, cold 
shuts, slight surface porosity and 
small shrink spots along the parting 
line are acceptable. The parting 
line should clean up when ground 
with No. 150 emery. 


Finishes for Die Castings 

Aluminum die castings are cov- 
ered with an oxide film which 
constitutes an important advantage 
from a_ service standpoint. For 
numerous applications, the ability 
of aluminum alloys to form and 
maintain this natural film is suffi- 
cient protection, and further finish- 
ing is not necessary. 

For many other applications, 
however, where a more decorative 
appearance or better resistance to 
service conditions may be desirable, 
a wide assortment of durable and 
attractive finishes is available. These 
finishes are classified as follows: 

Mechanical Finishes. developed 
by abrading or working the die-cast 
surface by mechanical means to ob- 
tain a polished or textured effect. 

Chemical Finishes, produced by 
treating the castings with chemical 
solutions to give etched surfaces or 
oxide coatings having various prop- 
erties for specific application. 

Anodic Finishes, formed by ano- 
dically oxidizing the castings in a 
suitable electrolyte to form a sub- 
stantial oxide coating, which may 
then be given supplementary treat- 
ments to seal or color it. 

Electroplated Finishes, applied by 
the electro-deposition of metals, 
such as nickel or chromium, on the 
aluminum surface. 

Paint and Organic Finishes, 
which are clear and _ pigmented 
coatings applied by spraying, brush- 
ing or dipping. 

The methods used or combined, 
in a commercial finishing procedure 
for any die casting, will depend 
upon sales and service requirements, 
cost considerations, design of cast- 
ing (size and shape) and alloy type. 
Where no background of experience 
exists, it is advisable for the user of 
aluminum die castings to consult 
with the die caster or an experi- 
enced jobbing finisher. 


DISCUSSION 


Chairman: R. E. Warp, Eclipse Pio- 
neer Div., Bendix Aviation Corp., Teter- 
boro, N. J. 

Co-Chairman: A. T. Ruppe, Bendix 
Products Corp., South Bend, Ind. 

R. C. Cornew’: I would like to ask 
Mr. Fox, if he were to buy a die casting 
machine with his own funds and put it in 
his own plant, what aluminum-base alloy 
would he use? 

Mr. Fox: It would depend on my eco- 
nomic status. I would probably use the 
cheapest I could get hold of, in which 
case it would be the 4 per cent copper, 9 
per cent silicon alloy. 


-much of the entrapped air an‘ 


ALUMINUM ALLOo\y 


Mr. Cornet: Supp 
was buying your alloy 
you use? Suppose you 
cerned with what it cost. 
the alloy which would b 
cast from the mechanical 

Mr. Fox: Generally s; 
per cent silicon alloy 
around alloy. We are now 
modification of this type 
10 per cent silicon and 0.5 
nesium for having supe: 
than the straight 12 per ce: 

A. Sucar’®: The 12 p 
alloy would be the easiest { 
standpoint, but it would not 
as far as machinability is 
that right? 

Mr. Fox: Yes, but it dep 
machining set-up. 

MEMBER: Mr. Fox mentio: 
vertical type injection system o; 
chamber die casting machine yw 
good because it was too slow. W 
causes it to be too slow? 

Mr. Fox: It requires two pistons 
you have your attendant difficulties wi 
pistons. It is a two-man operated 
chine, known as the Polak type n 
We like it because it is capable of 
ing the molten alloy in a definit: 
and you can fill up all cylinde: 
have no air space, whereas if y« 
into a horizontal cylinder you hay 
space to contend with. Until 
made economical and there is less ny 
tenance on it than on the horizontal 
chine, the horizontal machine is ger 
more adaptable. 

J. J. McCrarn*: I would like to as 
Mr. Fox if he has been able to make s 
cessfully and consistently any one typ 
die casting which can be heat treated 

Mr. Fox: We have made and M 
Cornell of Dow Chemical has 
casting which was radiographically sound 
We never tried to heat treat it. That, 
course, is the way to determine maxi! 
soundness. By a prescribed control of ti 
speed of shot, the pressure, siz 
gate, thickness of the gate, and al! oth 
variables Mr. Cornell produced a sour 
die casting. It is a tail wheel casting { 
an airplane. 

Mr. Cornet: That is right. I might 
offer a little comment on that problen 
blistering of die castings. It is not neces- 
sarily a function of the radiograp! 
soundness of the casting that you end up 
with. You can get a casting that is abs 
lutely sound but it may be made in suc! 
a manner as to cause it to blister or 
being heated above a certain tempera 
ture, whereas another casting whic! 
not sound, in fact, is quite porous, Ww! 
not blister. It is more a function, as W 
have found it, of the way you make U 
casting rather than the quality that 
end up with. In other words 
the porosity in the casting, 
speaking, which makes it blist« 

Mr. McCrarin: We of General Motors 
have analyzed die castings froin various 
sources. It is necessary to elim . 


possible in order to produc: 
graphically sound casting. It s 
our trouble in finding casting 
free from entrapped gas and a) 











REPORT 


die casting blis- 
whether you had 
eliminating that 


inless it is defi- 
ertain use requir- 
ss, is an ordinary 
a gas meter hous- 
at about 3 lb. gas 
required sound- 
ou must gate, vent, 
casting metal tem- 
ght pressurt If it is 
not usually done be- 
xpense¢ 
At Sperry Gyroscope 
id the case of some 
isting levers which 
strength. Some poros- 
by radiography. Sev- 
solution heat treated 
hed, and hardened at 
them blistered. I cited 
nd to prove it, got to- 
f castings found to be 
examination and they 
treatment 


Mf ; I think the crux of the 
ther vou want to have a 

¢ can heat treat or 
vant a casting that 1s of 


If vou want a casting 


esistant to leakage, then 


i casting. If you want 
in heat treat, that is an- 
[There are two different 
ind an effort should be 

t p them separate 
MEMBI [ would like to ask Mr. Cor- 
stering is not a function of 


ss of castings, what did you 


Mr. CorNELL: We classify the factors 
general ways. One was that 
of the casting was one indica- 
ther or not it would blister. 


speaking, a thin section would 


preference to a heavy section 
ting, and the speed of injection or the 
velocity, whichever you prefer to 


Castings 
de in thick sections which are 


s the governing factor 


d and which do not blister, but 
tter of how you make the cast- 
ot so much what you end up 
ther words, fast filling gener- 
to make 


whereas solid front filling makes 


castings which will 


ngs which will not blister. 
D. Bascu We have obtained large 
gs, in sections varying from 
t 2 down to % in. with thin fins 
tw them. We worked with Mr. Fox 
ew and the die castings not 
der a very. sensitive 
nse structure like wrought, but 
heat treated, 
without the slightest blistering 
‘ full realization of all the re- 


X-ray, 


solution heat 


»perties 
W i say about the x-ray picture 
i criterion as to whether the 
be heat treated or not is ab- 
ie. It depends on the gases 
held in equilibrium at room 
p e and which are released at 


temperature ; it is also a mat- 


you make the castings, which 
you use, what control you use. 











I think when we take the general rou 
tine of die castings used for the over-the 
counter articles, we cannot eguarant 
that the castings can be heat treated. As 
a matter of fact, in the majority of cast 
ings, they cannot be heat treated But if 
you set out to make casting which must 
be susceptible to heat treatment, which 
must pass the heat treatment without 
blistering or without any of the other bad 
effects which militate against anodizatio1 


or any other treatment, you can do it 
That is one of the MUSTS on _ the 
agenda of the die casting industry—to 


develop that. We cannot get such cast 
ings today as regular routine matter, 
but there is nothing impossible about it 
Do vou not agree? 

Mr. Cornet: You are entirely right. 
Mr Basch 

R. F. Hauser We have gone into 
that problem extensively at Bendix and 
what Mr. Cornell and Mr. Basch have 
stated is also our conclusion. The x-ray 
does not indicate the amount of blistering 
that is likely to occur upon heat treat 
ment of the castings. We have a mag- 
nesium die-casting alloy which we are 
normally heat treating at about 500° F 
and although we have produced many 
castings I have yet to see one of then 
blister 

We have found that the 
porosity that shows in the x-ray will 


amount ol 


certainly vary with the alloy composi 
tion. We find a large 
porosity is shrinkage porosity, and if it 
is eliminated you will have a sound cast- 


amount of that 


ing, but if it is not eliminated, it still 
will not have anything to do with the 
casting blistering during heat treating 

MemBer: I would like to ask Mr 
Fox whether or not he has data on 
physical properties of successfully heat 
treated aluminum die castings. 

Mr. Fox: No, I do not think there 
are data available on that. In many cases, 
the as-cast condition of the die casting 
is superior to any heat treated sand cast- 
ing except that of Alloy 220. 

Mr. Bascu: We ran many tests on a 
large number of heat treated castings and 
the physical properties of those heat 
treated castings (made of No. 356 alloy 
with 7 per cent silicon) came entirely 
up to our specifications, which required, 
in the heat treated condition, a minimum 
of 5 per cent elongation and about 24,000 
psi. yield strength. In comparing the 
same castings with the forged part made 
out of alloy No. 25-S, the over-all end 
test indicated that the die castings made 
out of alloy No. 356, heat treated, came 
within 5 per cent of the forgings in 
tensile strength. 

The way we tested them was not by 
tensile strength but in a breakdown test 
under high centrifugal force at a mini- 
mum speed of 50,000 rpm. and about a 
6'Y2-in. dia. With very few exceptions 
they withstood a long time cast at 5,000 
rpm. without failure. There were no 
cracks between the thin fins and the 
large section or anywhere. That indicates 
what you can get with die castings when 
you go about it right 

Mr. Martin: These Recommended 
Practices are being drawn up for the 
most part to help new consumers or 






oducers of d castings. I! writing 
then we should try to anti te the 
possible ways peop ew to tl ndustry 
are going to get into troubl Most new 
producers are likely to have 1 bad case 
of hard spots Further discussion on how 
to prevent hard spots should b in order 
und it is my opinion that the best way 
to minimize trouble with hard spots is to 
keep the metal = temperature above 
1200° } 

Mr. Fox [he proper use of the 


proper type of flux and degassing should 


be employed We have found that the 
magnesium in the magnesium-aluminum 
type alloy having a greater specific gravity 
than aluminum or magnesium oxide tends 
to settle and be held in suspension 

Hard spots are associated with oxide 
nclusions, particularly in that type of 
illoy. In careless handling of the casting 
machine the operator can take up of1 
ladle in some dross from the top, and 
those oxide spots are those so-called hard 
spots 

Ihe prevention of hard spots is rela- 
tively easy. If you use a cover flux on 
the molten metal after first 
cleaning the melt you will then prevent 


properly 


it from oxidizing. We have found that 
magnesium oxide in that type of alloy 
has been detrimental, especially if you 
keep the melt uncovered for long lengths 
of time 

Mr. Martin: I had in mind trouble 
from hard spots in aluminum-base alloys 
containing silicon and copper or silicon 
with fairly high iron content 


Mr. Fox It is a matter of not 
entraining that dross that accumulates on 
the top of the bath, keeping the melt 
clean, especially where you ladle out of 
that bath 

Mr. Martin: Do not hard spots of 
iron silicide start settling out when the 
metal temperature gets down near the 
melting point? 

Mr. Fox: Yes, you will get a sludge, 
but that is not generally the cause of 
hard spots. The hard spots are associated 
more with oxides. This sludge that settles 
out is of a high iron-manganese-silicon 
composition. It may run as high as 8 or 
10 per cent iron and similar amounts of 
manganese and silicon, but this seldom 
If you keep 
very lit- 


is the cause of hard spots 
the temperature above 1200° F 
tle sludge is apt to form 

W. J. Kiayer’: Mr. Fox in his recom- 
mended practice talked about 500 psi. 
maximum for the air type die casting 
machines and 30,000 lb. for the other 
type. They are not synonymous. I think 
in one you have psi. and in the other 
you have lb. on the ram 

Mr. Fox: What I was talking about 
was the difference between a gooseneck 
type casting machine and the cold cham- 
ber type machine. We meant 500 psi. air 
pressure on the gooseneck machine as 
against 5,000 psi. up to any desired pres- 
sure on the cold chamber type machine 
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CORES FOR AUTOMOTIVE 
MALLEABLE CASTINGS 


& Sound castings through good core practice 

a knowledge of the components of core js, 
gredients, proper proportions, mixing and baking 
are important operational factors. 





W. G. Ferrell 
Superintendent of Foundries 
Auto Specialties Mfg. Co. 

St. Joseph, Mich. 


AN EXACT KNOWLEDGE of the 
core sand components is important 
if good cores are to be obtained. A 
check should be made for clay con- 
tent, and then for materials that 
will burn at contact with the molten 
metal. A determination of the size 
and shape of the sand grains will 
give an indication of the amount of 
oil to use, and also how the core 
will break down during solidification 
of the metal. Cores will burn out 
more freely when made with sand 
having a rounded grain. 

Core Oils. The use of a good core 
oil is important, for it is generally 
known that a multitude of materials 
can be added to the oil, which have 
no basic value in the making of 
cores. Therefore, unless the pur- 
chaser has the necessary equipment 
for checking core oil, he must know 
the content of the oil. Chemical 
analysis of core oils will not indicate 
the quality of the cores or castings. 
The checking of core oil is a study 
in itself, and is most important to 
all foundries. 


Core Oil Composition 
However, to the average foundry- 
man, the pertinent facts are: Is the 
oil right? Will it make good cores? 
Will it make good castings today, to- 
morrow and next week at the lowest 
possible cost? Although core oil is a 
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widely used material, the actual 
makeup of its component parts is 
not generally known to the user. The 
author knows of no checking method 
that can be employed which will re- 
veal to the user the exact amounts 
of linseed oil and other materials 
that are used in the manufacture of 
core oil. 

It is possible to check the flash 
and fire points, specific gravity, 
saponification value and acid num- 
ber, but the purchaser cannot go 
back to the core oil manufacturer 
and claim a deficiency in linseed oil 
or rosin because the check made will 
not prove it. The best practice is to 
secure a reliable manufacturer who 
can be depended upon for the pro- 
duction of consistently uniform oil. 


Mixing Core Sand 

An error generally made in mixing 
core sand is in the use of too much 
oil. It is much better to use just 
enough oil to allow handling of the 
cores. A rammed core, or one that 
is properly blown, needs but little oil. 
Another common error in foundries 
is the addition of more oil to prevent 
breakage by the careless molder or 
core handler. It is the author’s con- 
tention that training employees in 
the proper handling of cores instead 
of using excessive amounts of oil will 
prevent much scrap caused by strains 
and tears, and also save expensive 
oil. The use of a minimum amount 
of core oil will aid in eliminating 
objectionable gas and odors some- 
times present in foundries. 

In this foundry it has been found 
that with the use of a high grade 
oil and a ratio of 1 part oil to 200 
parts sand, and as high a ratio as 
1 to 400, good cores for automotive 
malleable will result. By using such 


‘with the use of a lesser amount 


small amounts of oil the 

water can be increased at 

time without encountering tr 
due to the standing of cores jn 
green state. This will aid in prody. 
ing a good surface finish when usit 
corn cereal binders, du 
migration of dextrine to the cor 
face at baking time. 

In preparing a new core, basi 
formation as to size of core 
shape and size of the cavity t 
cast is available, but the prop 
amount of core oil is not know 
Therefore, to be on the safe sid 
it is common practice to us 
oil than necessary. If a good casting 
is produced on this first try, a ch 
is seldom made as to maintaining 
perhaps improving, castings qualit 


oil. A casting produced with less 

will be less liable to strains or t 
possibility of tears, in addition t 
savings resulting from the minimur 
use of expensive oil. 


Cereal Binders 

Corn Flour Binders. Use of com 
flour is a general practice in making 
cores for malleable iron castings be- 
cause of the high amount of gree! 
bond obtained without ill effects dur- 
ing casting. A number of corn flour 
binders are made by the wet-and-dn 
process. The author feels that the 
wet-process material has an advan- 
tage in that it will tolerate a greater 
amount of water at the time of mix- 
ing. This will aid the foundry having 
no drying equipment for raw core 
sand. 


It is sometimes assumed that th 
checking of cereal binders is not !™ 
portant, as there is no reas for the 
binder to contain any mat 

Ke V 


than corn; yet samples ch: 





ice. , 
re in. 
aking 










d have been found 





h as 3 per cent 


mixed with cereal 





Vixing. In manufac- 





castings it is well 





bonding material as 





author’s opinion 





of clay in core 





vill produce better 





quire less core oil, 






x decrease in scrap. 








force an increase in 





producing a core 





the way through, 





cracks and strains in 





re the need is found 





strength to prevent 





far better practice is 





res at gating points 
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Batch Components 





mixing is an important 





( ponents of each batch 





d be ascertained and 





this 1S the only means 
its can be checked. 


4 number of 






different types of 





xers are available, some 





thoroughly mixing a 






sand in 3 min., while 





long as 10 min. The 





1 -— 
thod 1S 


suggested for 





mixing time 





tl proper 






measure the sand and 






together for 1 min. Then 
and oil, total 
ture an additional 1% min. Start 


samples of sand every 2 





running 







20 samples have been 
careful to mark the 

ch. After the 20 samples 
been taken, tensile 






no 







three 








strength test are made from 
each. Bake and cool carefully, check 
each for 


cores 


core hardness, and then 
run tensile strength tests. The first 
test samples will have a wide range 
of strength, but as testing proceeds 
the range narrows until the values 
are closely grouped. Proper mixing 
time is that of the test sample de- 
veloping the highest strength, and 
mixing beyond this time is of no 
value. A few of the 


sand mixtures in the foundry 


various core 
with 
which the author is associated are 
shown in Tables 1 and 2. 

In conclusion, it is recommended 
that 
malleable iron castings observe the 
Know the 
and mixing cycles; be certain of the 
use as little 


foundries making automotive 


following points: sand 
oil and oil manufacturer: 
core oil as possible; bake cores until 
all oil is thoroughly oxidized, leay 
ing the core an even brown in color 
and the castings will be sound as 


far as the cores are concerned 


DISCUSSION 


Chairman: A. M. Futon, Norther 
Malleable Iron Co., St. Paul, Minn 

Co-Chairman: C. F. Joserpn, Saginaw 
Malleable Iron Div., Motors 
Corp., Saginaw, Mich 

Mr. Joserpu: Did you run tests on 
various core oils to determine the best 


General 


oil for use or have you just standardized 
on one oil and continued using it over 
a period of years? What is your practice 
in selecting your core oil? 

Mr. FERRELL: Over the period of a 
great number of years the picking of 
core oil was rather a haphazard proce- 
dure. We then adopted the chemical 
method of checking core oils, and that 
was not satisfactory. We then employed 
a research chemist to determine why we 
could not select a core oil 

There are three or four things which 


may be checked in a core oil. However, 











these do not always indicate exactly what 
wrong with an oil. We have found it 
ost satisfactory to purchase oil from a 
cliable manufacturer and take his word 
We buy the best core oil there is 
ind use as little 
on the 
Davip TamMor 
thing of the hardness that you 


ror it 
as possible, depending 
reliability of the manufacturer 
Can you tell us some 
obtain in 
your production cores? 
Mr. FERRELL! Che 


runs anywhere from 65 to 85 on regular 


scratch hardness 


production cores, We use a very soft core 
It may be surprising to some men why 
We malleablize 
our iron of 1.40 to 1.60 per cent silicon 

15 hi 
tinuous ovens 

Mr. TAMOR 
for extremely thin work, where you want 


we use such a soft core 
in electric roller-hearth con 


Is the 65 core hardness 
collapsibility ? 

Mr. FERRELL: 
range is fairly high 
collapsibility we encounter very thin cast 


That is right The 


Where we run low 


ings where we are in danger of getting 
cracks or tears 

E. G. Storie’ 
quipment is most satisfactory ? 

Mr. Ferre_t: We find that a fast- 
action mixer is better for core sand 

P. R, SCHILLING 
if you use such a diluted 
1:200, that you would not find it profit- 
ible to stick to straight linseed oil? 

Mr. FEerRReEL! We have not because 
Linseed oil is 


What type of mixing 


Is there any reason, 


mixture ol 


that necessitates a driet 


not rapidly oxidized. It requires an 
accelerator [The core should not be in 
the oven very long when it contains so 
little oil. If the core is in the oven a 
long time, the oil burns up leaving cores 
with no bond 
Victor Pascukis‘: Has any attempt 
been made to bake the core by dielectric 
heat? You mentioned that the time of 
keeping the core in the oven has some 
bearing, and of course the time of oxida- 
tion has. In dielectric heating, you heat 
the core all the way through, and tech- 
nically it should be superior, although it 


may not be economically possible to do so 
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Lake Sand, Ib 400 
Binder, Ib 4 
Oil, No. 45, pt 1% 
No 110, pt. am 
M , per cent 2.5 
Permeability 905 
D rmeability 253 







Strength, psi. 105-110 
. Hardness ; 60 
9 g Point, ° F 2417 
B lime, hr. ~- 


vg ae — 


ature, 





Table 1 


Core SAND MIXTURES 


Truck Differ- 


Slab Type Front Wheel ential Case, 
Gate Core Hub Core Body Core 
400 400 400 
4 4 4 
1'/ ed bal 
-- 1% 1 

2.5 
219 -~ —- 
243 — —- 
175-180 55-60 55-60 
70 - 
2467 - - 
—- 1 1 
— 450 450 





Table 2 


LAKE SAND SCREEN TEST 





Screen Retained 
Mesh No on Screen, % 
6 0.0 
12 0.0 
20 0.0 
0 0.0 
40 1.0 
50 21.0 
70 62.5 
100 14.4 
140 1.1 
200 0.0 
270 0.0 
Pan 0.0 


Grain Fineness No. 51.13 
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Mr. Ferret: We are now working 
on that, and have purchased a dielectric 
heating machine of 12 kw. size for that 
purpose. It looks as though only 3 or 4 
min. would be required to bake a core 
which formerly required 1% hr. of bak- 
ing time. 

CHAIRMAN FuLton: What type of 
core and what section of core is made 
with a 1:400 mixture? 

Mr. Ferre__: That mixture is used 
in a very thin slab core for Ford cast- 
ings. We have one particular Ford cast- 
ing that has a very thin band around it. 
We find that with 1.40 and 1.60 per cent 
silicon iron, we are forced to use prac- 
tically no oil or the casting will crack 
That is where we use the 1:400 mixture 

Eart M. Strick*; In mixing the core 
sand, is there any difference in adding 
the oil or the water first? 

Mr. Ferre_t: Our experience has 
been that adding the oil first does not 
produce results equivalent to adding the 
oil after the water. Our experience and 
tests prove that the water must be added 
before the oil to get efficient bonding 
action. Our total mixing time is 2'/ 
min. 

CHAIRMAN FuLton: Do. you start 
your mixture from a dry sand? 

Mr. FERRELL: Yes 

CHAIRMAN FuLton: Then you know 
definitely the amount of moisture? 

Mr. Ferrett: We do. We dry all 
core sand coming into the plant. 

F. L. Harris*: Have you any hot 
strength tests to correspond to the hard- 
nesses 65 to 120? 

Mr. Ferree: I think there are some 
in the paper. Are you referring to sinter- 
ing tests? 

Mr. Harris: I was thinking more of 
the hot strengths at 2000°F., in other 
words, collapsibility that you get with 
those hardnesses. 

Mr. FERRELL: I do not have them. 
All I can give you are the sintering 
points. We find sintering of the 1:400 
mixture occurs at 2467° F, 

Mr. Harris: Do you have tensile 
strengths that correspond with those 
hardnesses? 

Mr. Ferretti: We do. The potential 
strehgth.on these cores will run 110, 110, 
105, 110. Surface hardness was 6. 

Mi.ton Tititey': Would you describe 
your core-baking process? Do you put 
‘Erie Malleable Iron Co., Erie, Pa. 

*Belle City Malleable Iron Co., Racine, Wis. 


™National Malleable & Steel Castings Co., 
Cleveland. 
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all sizes of cores through the same oven? 
What are the baking time and tempera- 
ture? Do you over-bake your small cores 
and under-bake your large cores? Do 
you do all your baking in the oven, or 
does some take place outside the oven? 

Mr. FERRELL: We try to bake the 
cores completely in the oven in order to 
get rid of the smoke. We do segregate 
the large cores. It is impossible to bake 
all the cores with that small amount of 
oil in the same oven. So our baking tem- 
perature is 450° F. and our time is 1 hr. 
and 10 min. in the oven. 

O. J. Myers*: I was interested to 
learn of your test for mixing the core 
sand. Is the green bond also influenced 
by that mix, and do you get maximum 
green bond when you get your maximum 
tensile strength? 

Mr. Ferrevt: No. We are interested 
only in getting the maximum oil out of 
it, the strength in it. That is why we 
say that that method of testing is efficient 
as far as the oil is concerned. We do 
say that when you reach the end point, 
when the tensile strength of the core is 
grouped closely together, there is no fur- 
ther need of going into it. We find a 
wide range. Of course, different mixers 
will give you longer times. 

Mr. Myers: How much water do 
you use? 

Mr. Ferret: We use 1'2 to 2 per 
cent moisture. 

Mr. Myers: Is it put in only for 
green bond strength? 

Mr. FERRELL: Yes. 

Mr. Strick: Have you tried anything 
to substitute for corn flour? If so, what 
affect did it have on the collapsibility 
of the cores? 

Mr. FERRELL: The ones we have tried 
have affected it very badly. We have 
used wheat flour and other forms of 
flour. We have used other chemical com- 
pounds. We have not found one that 
produces the desired results. As a matter 
of fact, we are going back to regular 
malleable iron because the 1.40 to 1.60 
silicon iron requires very collapsible 
cores. 

G. L. GatmisH®: What happens if 
you run 1.40 to 1.60 silicon? 

Mr. FERRELL: The iron is very prone 
to hot tear, and there are certain shapes 
of castings that cannot be manufactured 
with it. It makes a good malleable iron 
after it is annealed. 


*Werner G. Smith & Co., Minneapolis. 
*Michigan Malleable Iron Co., Detroit. 


B. L. Hays”: Are n 
made on blowers? 

Mr. FERRELL: About 
our cores are made wit} 

CHAIRMAN FULTON: | 
a blown core requires 
than a rammed core? 

Mr. FERRELL: We 
much oil in the blowr We | 
the blown core gives us | 
it has greater permea 
rammed core. 

Mr. Strick: Do you 
tration caused by some 
If so, what do you do ¢t 

Mr. FERRELL: We | 
iron penetration. If we | ioe 
tration in the gates, we p 
wash there, rather than i: 
for in our condition we dare 
the oil. That would increase th, 
ness, and we must avoid that. W, 
little surface core wash when we 
penetration. 

CHAIRMAN FULTON: We assy; 
that the higher silicon content iro; 
run, the softer the core you us¢ 

Mr. FERRELL: That is correct. |; 
not possible to make the grade of hig 
silicon iron using hard cores. Our core 
are so soft we have to make special con 
tainers to handle them. They are set jy 
at the core room and carried to th 
molder in those containers. The core 
have to be handled very carefull, 

CHAIRMAN FuLToN: Do you get mar 
cracked castings due to cores? 

Mr. FERRELL: I do not think a wij 
core will cause a crack. We know that 
lack of collapsibility is the cause of tear 
Strain cracks may be caused by some. 
thing different, possibly gating 

Mr. Tamor: Would you comment 
the use of wood flour to produce 
lapsible core with thin walls? 

Mr. FERRELL: We do not use wood 
flour. We have tried it and found 
advantages. 

Mr. Tamor: I do not think there is 
much question but that wood flour 
cores gives good collapsibility. It wil 
impart it to molding sand. The reasor 
we are using corn flour is to get greer 
strength and collapsibility. Wood flow 
will give collapsibility but will not gv 
green strength in the cores, and you hav 
to use something else with the wood flour 
which probably gives you a harder cor 
and less collapsibility in the finished 
product. 


get 


Union Malleable Iron Works, E. Moline, Il 
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( ER HAS BEEN EMPLOYED 





, alloying element in many of 
so-called high yield strength, 
Jloy structural steels for a num- 

rof years. It has net been used 

lely in wrought steels for machine 
and there are no S.A.E. or N.E. 
which contain copper other 
in residual quantities. 

Although the limited supply of 

per in time of war alone could 
count for the omission of this ele- 
nt in the N.E. steels, two other 
sons exist for not using it. When 
re than 0.4 per cent copper is 

present, steels become subject to edge- 


























rea racking in the rolling operation 
gre nless the temperature is carefully 
lan ntrolled or unless sufficient nickel 
ae present to counteract this diffi- 
Mechanical Properties Affected 
The second reason is that the 
ne, Il beneficial effects on mechanical 





roperties conferred by copper are 
ore pronounced after normalizing 

and tempering than after quenching 
ind tempering, in which latter con- 
ition most of the S.A.E. and N.E. 
are used; moreover, the bene- 

ost evident when the car- 

ent is 0.20 per cent or lower, 

the S.A.E. or N.E. 
steels are used at higher carbon con- 
tents unless they are case-hardened. 
Difficulties outlined in the forego- 

ng naturally restrict the use of cop- 
per to structural steels, certain special 
Purpose steels, steels for heavy forg- 









nd most of 














ings (which usually contain appre- 
ciable quantities of nickel) and steel 
castings. Although copper has not 
been used widely in the steel castings 
industry except by the Pacific Car 
and Foundry Co. and by the Ford 
Motor Co., the excellent 
characteristics and 
properties, which can be developed 


M asting 
high physical 
in both light and heavy sections, 
should make the copper alloy steels 
of interest for postwar castings. 

Although much work has been 
done on the heat treatment and 
physical properties of copper steels 
by other investigators, it was con- 
sidered advisable to check certain of 
these results and also to study weld- 
ability, mass effect, and high and 
low temperature properties of these 
steels to determine if it was desirable 
to widen their sphere of application. 
The results which are reported 
herein were obtained before copper 
became a critical metal during the 
war. 

Brief Review of Existing Knowl- 
edge. Several outstanding advan- 
tages of copper-silicon cast steels are 
worth considering in choosing a high 
strength, low alloy steel of weldable 
grade for castings. 

From the standpoint of casting 
long, thin members, copper steels are 
unique. When sufficient . pper is 
added in combination with higher 
than normal silicon, steels become 





The opinions expressed are those of 
the authors, H. F. Taylor (now Re- 
search Associate at M.I.T., Cambridge, 
Mass.), H. F. Bishop, and R. C 
Wayne, Steel Castings Section, Divi- 
sion of Physical Metallurgy, Naval 
Research Laboratory of the Office of 
Research and Inventions, Washing- 
ton, D. C., and do not necessarily 
reflect the views of the Navy Dept. 











very fluid in the molten condition 
Finlayson’ has reported that boom 


castings with overall lengths of 


approximately 11 ft. and maximum 


thickness of % in. can be 


metal 

molded in green sand and poured 

through a single gate at one end. 
Both Kinnear* and Nehl 


early investigations upon copper cast 


made 


steels containing normal amounts of 
manganese and silicon. Kinnear was 
the first to 
advantages of the precipitation hard- 


predict the practical 
ening (aging or age hardening) of 
coppel! steels. This heat treatment 
gives maximum strength with little 
or no change in ductility over the 
annealed steels. 
lron-Copper Diagram 

According to the iron-copper equi- 
librium diagram of Norton®, iron 
can dissolve about 1.5 per cent of 
1531° F. (833° C.) but 
retains only about 0.35 per cent in 
solution below 1200° F. (650° C.). 


However, the copper dissolved in 


copper at 


excess of 0.35 per cent is precipi- 
tated only upon very slow cooling 
some of the dissolved copper being 
retained in solid solution at the cen- 
ter of heavy sections even after air- 
and it is difficult to produce 
the desired sizes of precipitated par- 


cooling ) 


ticles in the cooling cycle. 

Therefore, to obtain optimum par- 
ticle size consistently and through- 
out varying cross-sections, it is good 
practice to retain, at room tempera- 
ture, all of the copper which was in 
solution at the heating temperature 
by using the proper cooling rate and 
then precipitating the copper by re- 
heating. The control of time and 
temperature is not too critical, as 
will be shown by data which are 
included in this paper. 

Copper steels differ from most 
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other precipitation hardenable alloys 
in their capacity to increase in 
strength and hardness without a 
serious loss in ductility. This may 
be due to the fact that the submi- 
crost opic, keying partic les of copper 
precipitated upon artificial aging are 
relatively soft, and yield plastically 
under deformation. 

A high yield to tensile strength 
ratio is typical of precipitation hard- 
ened alloys; in “as normalized” cop- 
per steels, the marked increase in this 
ratio is undoubtedly due to some 
precipitation of properly-sized cop- 
per particles upon air cooling. 

Copper Does Not Oxidize 

Another advantage of using cop- 
per as an alloying element in steel 
for castings is the fact that copper 
is not lost by oxidation or volatiliza- 
tion in the melting process. Heads, 
gates, and other return scrap yield 
all of their copper upon remelting. 

A mass of data on copper steels 
has been compiled by Gregg and 
Daniloff?. Lorig and his co-work- 
ers®: ® have contributed much to the 





knowledge of copper steels, and 
other investigators have been active 
in this field. A chronological selected 
bibliography on copper steels ap- 
pears at the end of this paper. 

Specimen Preparation. The steels 
used in this work were melted in 
a 300-lb. acid induction furnace. 
Sheared S.A.E. 1015 steel and ingot 
iron were used as melting stock. 
Ferro-alloys were used for alloy addi- 
tions except nickel and copper, 
which were added as commercially 
pure metals. The steels were sand- 
cast in 60-lb. coupons of the type 
shown in Fig. 1. The projecting 
fingers were sawed from the main 
bodies of the coupons before they 
were heat treated. 

Shoulder-grip, 0.505-in. diameter 
tensile specimens were machined 
from these blanks and tested accord- 
ing to conventional methods unless 
otherwise noted. Blanks for impact 
specimens were cut from the bottom 
portions of the coupons and were 
heat treated before they were ma- 
chined to standard Charpy key-hole 








Copper increases the yield and tensile strengths and yield ratios 

of steels to which it is added. This increase in yield strength to 
tensile strength ratio makes low alloy copper-bearing cast steels par- 
ticularly useful for castings where a saving in weight is desirable. 
These improvements are obtained without materially affecting duc- 
tility. With manganese and silicon present in amounts higher than 
normal, an excellent combination of properties is obtained. 

With copper contents above about 0.6 per cent these steels can be 
precipitation hardened (aged) without liquid quenching to further in- 
crease the yield and tensile strengths. In the annealed condition a 
copper steel containing 0.15 per cent carbon with manganese and 
silicon each at approximately 1.00 per cent will have a yield strength 
of 60,000 psi., and by aging this steel after normalizing a yield strength 
of 90,000 psi. is possible. Copper steels in the aged condition have 
low impact resistance as measured by Charpy and Izod tests, but have 
good elongation and reduction of area. Because a supersaturated 
solution of copper in ferrite is obtained by even very slow cooling, 
sections as large as 8 in. can be hardened throughout by the precipi- 
tation strengthening draw after normalizing. 

Copper cast steels are best below 0.20 per cent carbon, and if kept 
within this limit have good weldability. With approximately 0.10 
per cent carbon present, these steels are readily weldable without pre- 
heating or postheating at yield strengths above 50,000 psi. The combi- 
nation of copper and 1.00 per cent or more silicon produces excellent 
fluidity in these steels. They do not become brittle at subzero temper- 
atures, and high temperature tensile tests indicate that copper steels 
containing about 0.50 per cent molybdenum show promise for service 
at moderately high temperatures. The resistance of copper-bearing 
steels to atmospheric corrosion is well known, and curves are pre- 
sented showing copper steels to be more resistant to scaling during 
heat treating than are plain carbon or carbon-molybdenum steels. 
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notch specimens unk th, 
indicated. Each phy “ 
test was made in dupli 

Effect of Copper on e Pros 
erties. Figure 2 show 
properties of a steel cor 
per cent carbon, 0.40 
con and 0.60 per cent : 
eight copper contents f; 
cent to 2.10 per cent i: 
tions of heat treatment 
and normalized and ag 

Tensile Strength Affected 

Effect of aging upon ten 
strength and yield strength beging ; 
appear when about 0.50 per 
copper is present, and th streneti 
ening effect increases with inc; : 
ing copper content until about | 
per cent is present; beyond th 
amount, little additional strengthe, 
ing occurs. By adding 1.5 pe; 
copper to the base composition a 
aging after normalizing, the yj 
strength is doubled, increasing fro; 
38,000 to 80,000 psi., while the ter 
sile strength is increased from 6 


to 100,000 psi. 


values are erratic after aging and ar 
lower than might be expected. How. 
ever, this particular base compositior 
is not well suited to the development 
of the best properties in precipita- 
tion hardened copper steels 
serves only as an illustration of the 
limits within which copper is effec- 
tive as a precipitation hardening 
agent. 

Effect of Manganese on Tensil 
Properties. Figures 3 and 4 illus 
trate the influence of manganes 
the mechanical properties of 
carbon copper steels. Manganes 
slightly improves the strength 
copper steels which are annealec 
and normalized and tempered but 
as the manganese content increases 
the steel becomes less responsive 
the aging heat treatment 

Effect of Silicon on Tensile Prop- 
erties. It has been stated that silicon 
and copper are effective in increas 
ing the fluidity of molten steel. A 
series of copper steels with increas- 
ing silicon contents was cast into test 
coupons to determine whether or not 
the increased silicon would have an) 
detrimental effect upon the physical 
properties. The results obtained from 
tests on these steels after fou! differ- 
ent heat treatments are shown 
Figs. 5 and 6. 

When both the manganese and 
silicon are about 1.00 per cent, 














ation ol propel ties 





ire 7 shows some 





silicon-manganese 





pper varying from 


per cent. 


ty of this composi- 







after normalizing 





ction of area value 





ent as well as the 





strength, while the 
This 
been noticed many 
ised by the fact that 
the aged tensile bar 





ses slightly. 








in a localized area 





onounced “necking.” 





yn. Since copper is 





rite, the precipitation 





t is most pronounced 





steels. Copper steels 





ontain over 0.25 per 






nd preferably the car- 
hould be less than 0.20 
only because the best 







of physical properties is 





thin this range, but also 





steels are weldable, as 





r in this paper. 


Stress Relieved 
In tl tress relieved condition, 






by annealing or normaliz- 

nd tempering, a copper steel 
0.15 per cent carbon, as 
Fig. 8, has a yield strength 
f 60 psi. with excellent ductility 
ct resistance. When this 

steel is normalized and aged, 
yield strength is raised to almost 
(00 psi., as shown in Fig. 9, and 





reduction of 
The impact 


xood elongation and 





a are maintained. 
tance of 
ps considerably on aging. 





copper steels always 






he curves of Fig. 9 show how 
ecipitation strengthening effect 
carbon. 








ses with increasing 
With 0.10 per cent carbon the yield 
rength of a normalized steel is in- 
eased by 20,000 psi. due to the 
recipitation hardening draw, while 

teel containing 0.25 per cent car- 









s an increase of only about 
si. Figure 10, taken from 
rk by Williams and Lorig*, shows 
same behavior for rolled steels 







ver a much greater carbon range. 
Cumulative Effect of Copper, 
Manganese, and Silicon. It was 
ind that in order to obtain the 
nbination of strength and 

tility in copper steels either the 
langanese or silicon contents or both 
hould be about 1.00 per cent. Low 
arbon copper steels containing 1.00 
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and 1.25 pet 


I 


per cent manganese 
cent silicon have been used in mak- 
ing commercial castings with verv 
good results. This alloy presents no 
melting probl ms, and has excellent 
fluidity, and high strength and duc- 
tility. 


Table 1 lists the 


plain carbon steel and also a copper 


properties of a 


steel of the same carbon content but 
with 1.25 per cent silicon and 1.00 
lable 2 


lists the improvements in tensile and 


per cent manganese present 


yield strengths which are caused by 
the copper and the excess silicon and 
manganese over, that present in the 
base steel: the effec t of each element 
is determined separately by increas- 
ing the amount of one element in 
the steel and holding the other two 
constant. 

The sum of improvements due to 
each element on the yield and ten- 
sile strengths of the steel is 17,000 
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Fig. 1 


Views of test coupon 








Table 1 
COMPARISON OF PLAIN CARBON AND 
Copper Beartinc Cast STEELS 
Nor ] d } ; ( 
l d ZU I 65 ( 
‘ f 
( \fr .) ( 
\ Re 
B ) U0 UU 
J il Prog 
I g Redu 
, ti j 
7 } { f {rea 
. Sire } j pe 
\ 86. { 62.000 28 0 57.0 
B t 0 36.000 20 56.0 


26,000 +0 1.0 


and 14,500 psi., respectively, while 
the improvement due to the combi- 
nation of these elements, as shown 
in Table 1, is 26,000 psi. in yield 
strength and 18,000 psi. in tensile 
tre ngth 

This increase in the yield strength 
is not accounted for when the effects 
ol each element are added together, 
the cumulative effect being roughly 
twice the total effect of each element 
considered separately. It has recently 
been shown that the 


effect of alloy additions is obtained 


cumulative 


by multiplying factors for each ele- 


ment in the alloy rather than by 


adding these effects directly 


Copper Affects Yield Strength 

Tables 1 and 2 show the marked 
influence of copper on yield strength. 
High yield 


ratios are 


yield strengths and 
characteristic of 


Che data presented 


copper 
bearing steels 
ui these tables are for normalized 
and tempered steels. By aging these 
steels, further increases of between 
20,000 and 30,000 psi. can be ob- 
tained 


Aging Time and Temperature. 
The tensile properties obtained by 
steel at 870° F. 
500° C.) 


time are 


aging a copper 

165°C.) and 930° F. 
for varying lengths of 
shown by the curves of Fig. 11. By 
aging at 930° F. (500°C.) makxi- 
mum streneth is reached in about 3 
hr., and the strength decreases after 
about 6 hr. when the over-aging 
effect becomes pronounced. 

When aging takes place at a low- 
er temperature, 870° F. (465° C.), 
rapidly, with 
maximum strength reached 
after about 8 hr., and no marked 
over-aging is apparent even after 16 
hr. For commercial practice, a good 


changes occur less 


being 
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Fig. 7 
of copper steels Com position, per cent 
Mn, 0.96; Si, 1.07; Cu as shown 


Effect of copper on mechanical properties 
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Fig. 9—Effect of carbon on mechanical properties 
of copper steels. Composition, per cent 
Si, 1.0; Cu, 1.75; C as shown. 


Mn, 1.0; 


























218 


Table 2 


Errect or Copper, MANGANESE, AND SILICON ON CoppER STEELS 


Normalized 1700° F. (930° C. 


Tensile Yield Elongation, Reduction 
Composition, per cent — Strength, Strength, per cent of Area, 
Cc Mn Si Cu ps. pst. in 2 in. per cent 
0.17 1.21 0.97 1.50 87,000 66,000 30 61 
0.17 1.21 0.97 81,000 57,000 31 63 
Increase caused by raising 
Cu from 0.0 to 1.5 per cent 6,000 9,000 —!] —2 
0.08 1.00 1.00 1.75 78,000 63,000 33 67 
0.08 0.70 1.00 1.75 77,000 62,000 33 68 
Increase caused by raising 
Mn from 0.70 to 1.00 per cent 1,000 1,000 —! 
0.12 0.83 1.25 1.85 82,000 62,000 31 67 
0.12 0.83 0.35 1.85 72,000 57,500 31 69 
Increase caused by raising 
Si from 0.35 to 1.25 per cent 10,000 4,500 a 
otal of Increases 17,000 14,500 1 —5 
Table 3 


) Tempered 1200° F. (650° C.) 


— - -Pro perties———— ——— 


WELD Properties Ustnc Tee BENpD TEs1 


(Test pieces annealed after casting. ) 


Angle Angle 

at at 
Max Max Frac- 
Load, Load, _ ture, 


Heat Composition, per cent— 
lo. C Mn Si Cu Mo Test Piece Heat Treatment lb. degrees degrees 
B- 0.21 0.75 0.40 Cast Fillet As Annealed 8.400 71 
Weld Fillet As Welded 8,100 62 
Weld Fillet 1200° F. (650° C.) 8,800 71 
1 hr. AC 
G 0.17 0.61 0.44 0.51 Cast Fillet As Annealed 10,300 73 
Weld Fillet As Welded 7,850 56 
Weld Fillet 1200° F. (650° C.) 8,100 75 
1 hr. AC 
M_ 0.11 0.63 0.92 1.79 Cast Fillet As Annealed 8,250 68 92 
Weld Fillet As Welded 8,000 55 55 
Weld Fillet 1200° F. (650° C.) 9,350 65 over 
4hr. AC 120 
D 0.16 0.78 0.45 2.02 -— CastFillet As Annealed 9,300 72 
Weld Fillet As Welded 9,150 29 
Weld Fillet 1200° F. (650° C.) 9,600 63 
1 hr. AC 
H 0.16 0.90 1.11 1.67 Cast Fillet As Annealed 10,500 66 
Weld Fillet As Welded 8,700 30 
Weld Fillet 1200° F. (650° C.) 8,700 53 
1 hr. AC 
L 0.15 1.08 0.96 1.77 - Cast Fillet As Annealed 9,750 60 66 
Weld Fillet As Welded 8,150 29 29 
Weld Fillet 1200° F. (650° C.) 9500 65 75 
4hr. AC 
F 0.20 1.12 1.12 1.95 Cast Fillet As Annealed 11,250 63 
Weld Fillet As Welded 8,950 20 
Weld Fillet 1200° F. (650°C.) 10,000 45 
1 hr. AC 
J 0.24 1.12 1.05 1.70 — Cast Fillet As Annealed 11.5600 71 75 
Weld Fillet As Welded 7,100 20 20 


Weld Fillet 1200° F. (650° C.) 8,500 36 36 


aging treatment for copper steel cast- 
ings is 900° F. (480° C.) for 5 hr., 
which is midway between the two 
extremes shown in the curves. 

This aging time and temperature 
are not very critical, as the curves 
are fairly flat at maximum strength 
values, and varying the time at tem- 
perature an hour more or less, or the 


4hr. AC 


temperature by + 25° F. (15°C.) 
will not appreciably affect the prop- 
erties obtained. With castings of 
light section, the upper limit of ag- 
ing can be used due to the fact that 
thermal equilibrium in the casting is 
reached quickly, while for heavy 
sections more uniform properties 
throughout the casting are obtained 
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by aging at a lower 


such as 870° F. (465° « 


Copper Steel in H, y 
An advantage of th 
precipitation hardenin 
that drastic quenching j 
prior to aging. Cast cy 
tions up to 8 in. in d 
found to respond to thi 
ment after air cooling. 
and hardness at the cer 
6, and 8-in. sections are sh 
graphically in Fig. 12. As the oe. 
tion size increases, the i: 
in strength on aging is reduced } 
cause, since the cooling rate fro; 
solution temperature is slower. | 
copper is retained in supersaturay; 


solution. 


Nevertheless, with these steels 
strength at the center « 
section can be increased by 
psi. simply by aging after nor 
ing. The 2-in. cylinders increas 
in strength about 18,000 psi 
aging. Hardness surveys across ; 
of the sections tested showed thy 
hardness to be quite uniform 
though the hardness level became 
lower as the section size incre 


Cylinders Water Quenched 

A series of these cylinders wa 
also water quenched from 1700°F 
(930° C.) and subjected to 
aging treatment. Hardness survey: 
were then made across disks 
from these cylinders in both the “a 
quenched” and in the quenched and 
aged condition. The hardness acros 
these sections after quenching was 
not as uniform as it was after nor- 
malizing, but decreased from th 
surface to the center. 

In Fig. 13 the hardness at th 
center and surface of these cylin- 
ders is shown before and after aging 
Whereas after air cooling from the 
solution temperature the aging effect 
diminished as the section size in- 
creased, when these sections ar 
water quenched the aging effect be- 
comes more pronounced as the 
section size increases to 8-in. diam 


In the small sections a certain 
amount of hardening is present upon 
quenching due to the carbon presen! 
and, when these steels are aged, the 
increase in strength due t iging is 
superimposed upon the softening 
due to tempering. The large 8" 
section, although water ¢ ienched 
cools at a rate which is comparable 
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ces brought about by precipitation hardening 
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d Williams and Lorig, “Metals and Alloys,” 
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to the cooling rate of an air cooled 
one-in. section. 

The hardness at the center of the 
2-in. section increased by 5 points 
on the Rockwell B Scale, whereas 
hardness at the center of the 8-in. 
section increased 10 points. When 
strength in large sections is desired 
it can be secured economically by 
quenching a copper steel and aging, 
rather than by obtaining sufficient 
hardenabiilty by means of more ex- 
pensive alloying elements. 

Fluidity of Copper Steels. Figure 
14 shows fluidity curves of a copper 
silicon steel and also of a plain car- 
bon steel as measured in the spiral 
fluidity mold developed at the Naval 
Research Laboratory’*. For any 
pouring temperature the copper sili- 
con steel flows from 6 to 8 in. far- 
ther in the spiral fluidity mold than 
does the plain carbon steel. 

Low Temperature Properties. It 
was thought that these steels would 
be desirable for use in ships’ castings 
because their high yield strength 
would make it possible to design on 
a higher strength basis with a cor- 
responding weight reduction of the 
castings. Thus it would be necessary 
that they exhibit good properties at 
low temperatures. 


Impact Tests 

Low temperature impact tests were 
made on a copper steel, and the re- 
sults are compared with those ob- 
tained from a plain carbon and a 
2.90 per cent nickel steel which is 
noted for its low notch-sensitivity at 
low temperatures. These steels were 
all normalized and tempered at 
1200° F. (650° C.), and contained 
0.15 per cent carbon. 

The nickel steel, as shown in Fig. 
15, is superior in impact resistance 
at low temperature, but the copper 
steel is distinctly better than the 
plain carbon steel. Tempering at 
1200° F. (650° C.), which is well 
above the age-hardening tempera- 
ture, places the copper steel in its 
softest condition. Aged copper steels 
have low impact values, and these 
steels in the aged condition would 
undoubtedly show poor impact prop- 
erties at sub-zero temperatures. 

High Temperature Properties. The 
curves of Fig. 16 show the results 
of short-time tensile tests made at 
temperatures as high as 1400° F. 
(760° C.) with 0.313 in. diameter 
specimens. All specimens were an- 
nealed before testing. A well-insu- 


lated furnace was used and temper- 


atures were held within + 5° F. 


(3° C.) by means of an accurate 
controlling pyrometer which was 
checked regularly with a portable 
potentiometer. 

Temperatures were measured with 
chromel-alumel thermocouples spot- 
welded to the specimens. The tests 
were not started until each specimen 
had been held at temperature for 
Y% hr. and the rate of loading was 
low; at least 5 min. were taken to 
load each specimen. 


Curves Plotted 

Stress-strain curves were plotted 
from the loads indicated by the test- 
ing machine and extensions read 
with an optical extensometer accur- 
ate to 0.0002 in. Platinum reference 
lines were used on the specimen at 
a gauge length of 1% in. and sight- 
ings were taken through quartz- 
covered slits in the furnace. 

It was thought that, since molyb- 
denum has been used to improve the 
high temperature characteristics of 
carbon steel, it might act similarly 
in copper steels. This would be de- 
sirable because of the greater inher- 
ent strength of copper steels and be- 
cause of their good behavior in the 
foundry. 

Each point on the curves of Fig. 
16 represents results from two tests 
which did not vary by more than 5 
per cent. The copper steel shows 
consistently higher proportional lim- 
its and tensile strengths than does 
the carbon-molybdenum steel. The 
coper-molybdenum steel has the 
highest tensile strength of the three 
steels at all temperatures, but the 
proportional limit is initially lower 
than it is for the plain copper steel. 


Indication of Tests 

Although these tests serve only a 
superficial purpose, they do indicate 
that copper-molybdenum steels have 
promise for service at moderately 
high temperatures. Their high pro- 
portional limits and tensile strengths 
make them worthy of consideration 
for service at temperatures below 
750° F. (400° C.). 

Scaling Resistance of Copper 
Steels. The beneficial effects of 
small amounts of copper for increas- 
ing the resistance of steel to atmas- 
pheric corrosion are well known. 
The curves of Fig. 17 show that the 
presence of copper in steel also in- 
creases its resistance to oxidation in 
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furnace atmospheres 
treatment. These resu 
tained on small machin 
of identical shape; e: 
weighed slightly less 






" 

The specimens~ were d + : 
previously ignited c: nd > 
placed in a furnace with norma) ., x 
mosphere at 1600° F. (870° ¢ > 
. N 

After an exposure of he - . 

‘ 


pieces were cooled in $i 
and weighed. Without removing 4. 
oxide scale, heating, c ye 
weighing were repeated several time 
to obtain the data shown in Fig. 7 
The increases in weight of th speci- 
mens are due to the oxygen whic} 
combined with the iron to forn the 
scale and may be taken as a measyy: 
of the relative amounts of scaling 
on carbon steel, carbon-molybde; 
steel, and copper steel. 


4 


The copper steel showed a con. 
sistently greater resistance to oxida. 
tion than did the carbon and carbon. 
molybdenum steels, which oxidized 
at about the same rate. An interest. 
ing difference in the steels was 
the type of scale formed 


Scale Formed 

That scale which formed on th 
carbon and carbon-molybdenw 
steels blistered and flaked off leaving 
a fresh surface for further oxidation 
while on the copper steel the oxide 
layer was more dense and tight) 
adherent. A copper-rich film is left 
beneath the scale which is extremely 
resistant to oxidation, and this prob- 
ably is the greatest factor in prevent- 
ing scaling of copper steels. 

In larger scale tests on sandblasted 
castings which weighed approxi- 
mately 5 Ib. each, the plain carbon 
steel gained 1.25 per cent in weight 
at 1700°F. (930°C.) for 18 hr. 
while the copper steel gained onl; 
0.96 per cent by weight. 

Weldability of Copper Steels. The 
weldability of copper steels was 
studied by means of the tee-bend 
test. In this test two castings were 
made, as shown in Fig. 18, for each 
composition tested. One casting was 
made with square corners at the 
junction forming the tee, and the 
other was made with filleted corners 
The plates were annealed after cast- 
ing and a weld bead was laid along 
each internal corner of the unfilleted 
plate so that the two plates liad the 
same shape, one with cast fillets and 
the other with weld fillets. 

The plates were then sectioned t 


BisHop AND R. C. Wayni 

















2910OF 


2790F 
4600°C 


‘SOO *C 


POURING TEMPERATURE 


f a plain carbon and a copper 
measured by fluidity spiral. 


CWARPY IIPACT-MEVHOLE 77 LES 














TEMPERATURE °F 


Fig. 15—Lou 


Qo -FO ww 


temperature impact properties of 


plain carbon, nickel and copper steels. Heat treat- 


ment—double normalize and 


1200° F 


lem per 





z 
YY 
) 
DN 
.) 
*- 
& 


\. “Ss 
_ + 
\.| & , 
“ ; 
" a 
» 
hn, * 
Fa» 


< ‘ 
: oy ss 
ee ot 8 
[S48 =T— 


¥ 


~ 
~ 


_it———-x Ca S78EL 
*----0Cu-Me STEL 
Littt APTI ti i isitiis 
o% 400°C 600°C 
32% 752° Maer 
TESTING TEMIARRATURE 


i 


Quick tensile properties of copper and 
-molybdenum steels after full anneal. 


hé 





GAIN IN WEIGHT - PERCENT 









































| 
| 
og (6 





2 a 


TIME AT TEMPERATURE-HOUFRS 


Fig. 17—Gain in weight of three steels due to 
oxidation in heat treat furnace at 1600° F. 











229 


obtain 134-in. strips and each strip 
was tested either in heat treated or 
“as-welded” condition, with no fur- 
ther machining. By comparing the 
properties of the welded specimens 
with those of the cast filleted speci- 
mens, the effect of welding on the 
base metal was determined. The 
welds were made with E 6010 type 
of electrode by using a current of 
175 amps., an arc voltage of 26, and 
a speed of travel of 4 in. per min. 
All variables were automatically con- 
trolled. 

Each 1%4-in. specimen was tested 
in the jig, as shown in Fig. 19. The 
specimen was held securely to pre- 
vent shifting and to cause bending 
to occur uniformly at each fillet as 
pressure was applied to the back of 
the specimen by means of the plung- 
er operated by a hydraulic testing 
machine. The angle through which 
the specimen, was bent at maximum 


load was measured. This angle is the 
supplement of the angle made by 
the legs of the tee. 

The results of the tee-bend test 
are shown in Table 3. The angle at 
maximum load is generally accepted 
as a reasonable measure of weld- 
ability, and an angle of 45 degrees 
may be considered to be satisfactory. 
The results provide a comparison 
between plain carbon and copper 
steels. 


Copper Steel Weldable 

It is indicated that a copper steel 
containing 0.11 per cent carbon is 
quite weldable and can be used in 
the “as-welded” condition if neces- 
sary. This steel has an angle at 
maximum load in the “as-welded” 
condition of 55 degrees and, by tem- 
pering, the ductility of the specimen 
is raised to that of the annealed 
specimen with cast fillets. 


Table 4 


PuysICAL PROPERTIES OF SOME Low-CARBON 
Copper STEELS IN NORMALIZED AND ANNEALED CONDITION 


Elonga- 
tion, Reduc- 
Composition, Yield Tensile per tion of 
Heat ———per cent——-—— Heat Strength, Strength, cent Area, 
No Cc Mn Si Cu Treatment pst. pst. in 2in. per cent 


1706° F. (930° C.) 
2 hr. Air Cool 
1706° F. (930° C.) 
2 hr. Air Cool 
1742° F. (950°C.) 
2 hr. Furnace Cool 


1706° F. (930° C.) 
2 hr. Furnace Cool 


23 0.12 0.83 0.79 1.85 
24 0.12 0.83 1.48 1.85 
73 0.11 1.04 1.23 1.74 


33 0.08 0.77 1.00 1.95 


Table 5 


68,500 84,500 26.1 59.6 
64,000 81,000 261 49.6 
64,000 81,000 31.0 56.0 


53,000 71,000 34.4 64.9 


PrysicAL PROPERTIES OF WATER QUENCHED STEELS 
Elonga- 4 
Draw Yield Tensile tion, Reduction Brinell 

Steel Temperature, Time, Strength, Strength, percent of Area, Izod, Hardness 
No. “> "© hr psi pst in 2 in percent ft.-lb No 
1000 538 20 102,000 116,500 17.2 404 27 245 
l 900 482 20 106,000 122,000 19.6 41.6 26 270 
1 800 427 7 138,000 155,000 16.0 $2.9 9 340 
1 650 343 14 145,000 156,000 13.5 32.0 9 350 
3 1200 650 7 117,000 127,000 18.5 49.2 32 255 
3 1150 621 7 112,000 123,000 20.3 49.2 32 255 
3 1075 580 7 151,000 158,000 164 43.0 20 ‘a 
3 1000 538 20 155,000 163,000 16.4 42.6 18 330 
3 900 482 20 160,000 166,500 14.1 38.8 12 340 
3 900 482 l 182,000 185,000 9.4 30.3 370 
5 1075 580 7 111,000 126000 176 395 29 255 
5 1000 538 20 119,000 133,000 16.4 37.6 17 275 
5 900 482 20 127,000 139,000 15.2 36.2 19 295 
5 800 427 7 160,000 173,000 12.5 28.0 11 360 

Heat Treatment (all specimens) 

————Composition, per cent. —Temperature— Time, 
Cc Mn Si Cu Mo we °C. hr. 
1 0.17 0.92 1.14 1.94 — Homogenize 2000 1093 7 
$ G15 @80 118 1.75 OS Normalize ~- 1700 980 2 
5 Gz 0.91 1.19 1.71 _- Water Quench...... 1650 900 l 
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When the carbon i: 
is 0.15 or 0.16 per cent 
D, H, and L, it beco: 
to stress relieve after 
der to obtain satisfact 
As welded, these steels | 
at maximum load of 
grees but, by stress re! 
comes approximately 6 

A 0.20 per cent ca 
steel can be restored t 
of 45 degrees bend by 
1200° F. (650° C.) fo, 
in the 0.24 per cent car! 
ductility of the welded 
not restored to a  suitabk 
even after tempering 
(650° C.) for 4 hrs. The 
in these tests contained mor 
ganese and silicon than is no; 
used in cast steel, which would te: 
to impair the weldability of the « 
due to their effect of increa 
hardenability. 


However, it can be definitely 
cluded from these results, that co; 
per steels containing less than ()2 
per cent carbon can be welded wit! 
no deleterious effect if given a str 
relief treatment after welding 


Satisfactorily Welded 

The fact that copper steels con- 
taining approximatly 0.10 per cent 
carbon can be welded satisfactorily 
without preheat or postheat becomes 
significant when it is also realized 
that remarkable physical properties 
are obtained from this alloy upon 
full-annealing or normalizing with- 
out any aging treatment whatsoever 

Thus, such a composition can be 
readily welded at tensile strength 
and yield strengths above 70,0 
and 50,000 psi., respectively. In 
Table 4, the physical properties o! 
several steels which have approxi- 
mately the foregoing composition 
are listed. 

Water Quenched Copper Steels 
Table 5 lists some properties of cop- 
per steels as quenched and tem- 
pered. All tensile blanks were 
Ix1x4-in. specimens and were heat 
treated in this form. An excellent 
combination of strength and ductil- 
ity is obtained by water quenching 
and tempering copper and copper 
molybdenum steels in one-in. sec 
tions, which indicates that these 
steels may be used in small gears 
and structural parts requiring yield 
strengths of over 100,000 psi 

Copper Steels Compared to Plai 
Carbon Steels. Fig. 20 shows the 
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Obtainable Properties 
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Fig. 18 V iex 5 of “Tee-bend” test 
plates A) square cornered plate 
and (B) cast fillet plate. 


0.50 per cent carbon steel, and the 
yield point of the copper steel ex- 
ceeds the yield point of the 
quenched and tempered carbon steel 
by more than 10,000 psi. The re- 
duction of area and the elongation 
of the copper steel compare favor- 


“Tee-bend” specimen. 








223 


ably with the corresponding proper- 
ties of the carbon steels. 
Conclusions 

Steels containing 1.5 to 2.0 per 
cent copper, with silicon and man- 
ganese contents of approximately 1.0 
per cent eac h, have excellent casting 
characteristics as proved by spiral 
fluidity tests and by production cast- 
ing operations. 

With copper steels, it is possible, 
by using a properly balanced com- 
position and suitable heat treatment, 
to obtain strength values which can 
be attained in carbon steels only by 
raising the carbon content to the 
upper part of the medium carbon 
range and fully quenching and tem- 
pering. . 

Precipitation hardened copper 
cast steels have unusually high yield 
strength to tensile strength ratios. 
Such ratios are 0.8 or above as com- 
pared to normalized and tempered 
carbon steels at 0.6 or below, and 
normalized and tempered alloy steels 
at 0.6 to 0.7. Quenched and tem- 
pered steels have ratios of approxi- 
mately 0.8, but such steels must 
be sufficiently alloyed to harden 
throughout the section being 
quenched 

By precipitation hardening, almost 
full strength is developed in copper 
steels at the center of fairly heavy 
sections. After 
aging, the tensile strength at the 
center of an 8 in. diameter cylinder 
was only 15 per cent less than that 
at the center of a 2 in. diameter 
cylinder of the same material which 


normalizing and 


was similarly treated. The corre- 
sponding decrease in yield strength 
was 12, per cent. 

Heat Treating 

Heat treating for precipitation 
hardening does not require critical 
time or temperature control. In the 
solution treatment, the copper is sat- 
isfactorily dissolved by any commer- 
cial austenitizing treatment such as 
is used for annealing, normalizing, 
or hardening, and is retained suf- 
ficiently at all rates of cooling equal 
to or faster than that which occurs 
upon air cooling of moderately 
heavy sections. 

Aging for maximum strength re- 
quires somewhat closer control of 
time and temperature. For com- 
mercial practice, it is considered 
advisable to age at 900° F. (480° C.) 
for 5 hr. so that the danger of over- 
aging is less than is encountered by 
attempting to age at higher tem- 
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Fig. 20 (left)—Range of properties obtainable in copper steels without liquid 
quenching. Fig. 21 (right)—Range of properties obtainable in plain carbon 
steels in water quenched and tempered condition. 


peratures for shorter periods of time. 
Copper steels can be welded easily. 
When the carbon content is less 
than 0.15 per cent, weldments have 
sufficient ductility to be used in the 
“as-welded” condition; at approxi- 
mately 0.10 per cent carbon, these 
steels have yield points above 50,000 
psi. and can be welded without pre- 
heating or postheating. Above 0.15 
per cent carbon, stress-relieving is 
necessary for satisfactory ductility. 
For purposes of good weldability 
and development of optimum physi- 
cal properties in copper cast steels, 
the carbon content should be low, 
preferably below 0.20 per cent. 
Copper steels have excellent ten- 
sile properties at sub-zero tempera- 
tures in the normalized, normalized 
and aged, and normalized and tem- 
pered conditions. Likewise, they 
have less notch sensitivity at low 
temperatures in the normalized and 
tempered condition than do carbon 
steels of the same general compo- 
sition and heat treatment condition. 
It is indicated from short-time 


tensile tests that copper steels con- 
taining molybdenum are potentially 
useful for high temperature applica- 
tions. Scaling tests show that copper 
steels are more resistant to oxidation 
at high temperatures than are car- 
bon and carbon-molybdenum steels. 
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FUNCTION 


ACCIDENT PREVENTION AS A 
OF MANAGEMENT 








' This paper is fundamentally a review of some 
of the basic functions of management in the 
planning and execution of an effective accident 


prevention program. 


lt is intended as an en- 


deavor to assist in the strengthening and better- 


ment of the foundry industry. 





UGH DISCUSSION of 
vention, as a function of 
requires first the estab- 
broad and long range 
its purpose and scope. 
te from the too com- 
ted notion of accident 
a minor undertaking 
vith the safeguarding of 


ars, etc., and begin to 


t as a broader activity hav- 
with the welfare of work- 


utilization of manpower, 
nt of industrial and pub- 
we encounter some of 


hallenging phases of man- 


t activity. 
1t prevention, planned and 
ted on a broad scale, can con- 
naterially to the solution of 
current managerial problems. 
s the goal of all management to 
rganize operations so that there is 
inimum of injury to workers, in- 


in production, 
The signifi- 


wastage 


ind value of accident preven- 
a factor in creating and 
taining safe and efficient work- 
onditions, has been fully dem- 
1 recent years. 


Merits of Plan 


ny industrialists are squarely 
as to its merits and scores 
ient plants exist where an ac- 


organized accident 


rogram is a tangible fattor 
ntaining the smooth flow of 


iper was presented at a Joint 
Plant Equipment and Safety 
ene Session at the Fiftieth An- 
Convention of the 
ien’s Association in Cleveland, 


American 





All industrial accidents tend to do 
There 


are, of course, variations in degree 


damage, disrupt, or destroy. 


in the ultimate effects of accidents 
but basically they are all of negative 
value producing nothing of worth 
and invariably causing some type of 
harm, loss, or wastage 

Accident prevention can be ap- 
plied to all types of industrial occu- 
pations when a recognizable hazard 
to life or property exists. Manage- 
ment has the prime responsibility in 
determining these hazards and in 
planning the corrective steps indi 
cated. To obtain maximum accom 
plishment it, therefore, is necessary 
for management to establish a defi- 
nite policy, to develop a program 
and to take an active part so that 
adequate and managerial 
stature is provided. 


proper 


Success of Program 
Management must encourage a 
broad conception of the benefits of 
accident prevention among supervis- 
ors and employees. The success of a 
program depends upon the under- 
standing and cooperation of the per- 
sons involved. Simplified to an ex- 
treme degree, the prevention of ac- 
cidents may be considered basically 
as an attitude of mind or a direction 
of interest. On this basis, it ic neces- 
sary for management to take positive 
action in the creation of this attitude 
among all personnel. 

Production in some form is the 


only purpose of any industrial un- 
dertaking. 
to discuss accident prevention as it 
has a bearing on production. A safe 
place to work and a safe method of 
working is inherent in effectiveness. 
On this basis, management may well 


It is, therefore, essential 








take the development of this rela- 
tionship of accident prevention to 
production as a major project. As 
long as accident control is looked 
upon as a supplementary activity 
an extra—to be super-imposed on 
production, it is cumbersome to ap- 
ply and difficult to carry on success- 
fully 


Safe Working Conditions 
Integrated accident prevention 
has substance and practicality and 
it Can prove its worth to supervisors 
and workers. It can be built into 
the layout or arrangement of a 
foundry, included in the design of a 
piece of shop equipment or made a 
part of a method. This approach 
brings it into contact with the prob- 
lems of shop operations and pro- 
vides a frame work on which to de- 
velop safe and efficient working con 
ditions essential to the best interests 
of everyone concerned 

If this relationship is not accept 
ed, worthwhile and continuing ac- 
cident prevention is not likely to be 
achieved. In its place, a “hit or 


miss” program develops. Situations 
are apt to arise where there is false 
or seeming conflict between produc- 
accident 


tion and prevention §re- 


quirements. In the majority of in- 
stances, it is not difficult to work 
outa best method from both pro- 
duction and safety standpoints. In 
some cases, however, a great deal of 
effort and ingenuity is required 

It is not idealistic to say that to 
an increasing degree the selection of 
a production method, where alter- 
natives exist, is being made more 
commonly on the basis of the least 


hazardous. Management will be 
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called upon to make decisions of 
this kind and, in so doing, will give 
evidence in a very concrete manner 
of the significance placed on acci- 
dent prevention. 

Many near or minor type acci- 
dents often take place before the 
right combination of circumstances 
occur which set the stage for a seri- 
ous accident. The correction of the 
cause of a near or minor type acci- 
dent is, therefore, one of basic fac- 
tors in accident prevention. The 
cause of a minor type accident will 
often be disclosed as a defect in a 
production method. 


Illustration Cited 

There are countless illustrations 
of this situation. Assume for exam- 
ple, that a group of workers are 
using wheelbarrows—moving loose 
dry material to a mixer. In one sec- 
tion of distance travelled there is a 
faulty floor condition. Workers after 
a few trial runs lay a loose plank 
over this section. The workers are 
obliged to exercise special effort to 
cross the plank. 

In the course of time a wheelbar- 
row slips off the plank and is over- 
turned. There is no injury to worker 

no accident in one sense of the 
word—but a certain amount of pro- 
ductive effort was lost in reloading 
the spilled material and cleaning up. 
Several near slips take place and 
then after a time one worker stum- 
bles, as his wheelbarrow gets out of 
control on the plank, and _ he 
wrenches a leg severely. 

The faulty floor condition was as 
much a “production hazard” as it 
was an “accident hazard.” Repair- 
ing the floor was no more an acci- 
dent prevention step than it was 
one of production maintenance. 

To carry on an accident preven- 
tion program, management will or- 
dinarily delegate some portions of its 
responsibility and authority. This 
means that management must or- 
ganize and make assignments in the 
same manner that supervision is 
planned for other shop procedures. 
The type of the organization de- 
pends primarily on the size of the 
foundry but, regardless of the size, 
there must be specific assignment of 
responsibility for safe conditions. 

There must be manpower avail- 
able to carry on the program. Each 
person involved should understand 
that his part in the program is a 


significant portion of his duties and 
will require a definite share of his 
time and effort. 

Management’s part in the plan of 
operation, as always, should be to 
furnish the overall guidance, stimu- 
lation and direction necessary to 
keep the program active and efh- 
cient. 

As an outline to be used in evalu- 
ating an existing program or as a 
guide in developing a new one, the 
following items may be taken as 
covering the basic requirements of 
a complete program: 

1. Sustained management support 
and direction. 

2. Adequate safety organization. 

3. Active participation by shop 
supervision. 

4. Effective employee education. 

5. Control of accident hazards: 

a. Safeguarding of machines 
and equipment; 

b. Establishment of safe meth- 
ods and good practices; 

c. Control of occupational dis- 
ease exposures—where they exist; 

d. Provision of personal pro- 
tective devices—where no other 
form of safeguarding is practical. 

6. Regular inspections—to detect 
unsatisfactory working conditions. 

7. Investigation of accidents—to 
make certain that corrective meas- 
ures are taken. 


8. Proper first-aid facilities. 


Minimum Requirements 

These eight items are actually 
minimum requirements. There are 
supplementary features which have 
a direct or indirect bearing on acci- 
dent prevention that might well be 
added. The eight items, however, 
have the most immediate bearing 
on the general problem and are the 
factors to be considered first and 
foremost. They provide a base on 
which to plan and build a sound 
program. 

The American Foundrymen’s As- 
sociation, through the activity of its 
Industrial Hygiene Codes Commit- 
tee, has developed several codes of 
recommended good practices which 
are comprehensive guides for the 
furthering of practices in the 
Foundry Industry. These codes 
have been carefully worked out to 
meet the actual requirements of the 
Foundry Industry and as codes are 
outstanding in their completeness. 

They are more than codes in the 


ACCIDEN 


conventional sense in 

tain definite recom: 

specific conditions an ar 
cident prevention is « med. 
can properly be taken ith 
tive standards. Th Amer , 
Foundrymen’s Associat aa 
formed an _ outstandi: CLVi 
the Foundry Industry 


aration and_ sponsors! 


codes. 

In Section. IV “Safety Pracs; 
of the code, “Recommended ¢ 
Safety Practices for the Prot, 
of Workers in Foundries,” ther, 


a complete outline for use of map. 
agement to evaluate an existing 
cident prevention program or to de. 
The writer hig} 
recommends wider use of AFA 
Codes prepared by the 
Ilygiene Codes Committe: 


velop a new one. 
Industria 


After management has adopted 
policy and has established : 
quate plan and organization for co; 
ducting an accident prevention pro. 
gram—it must continue to furnis 
guidance and stimulation 

Operating supervisors, foremer 
and_ sub-foremen 
quently contacted by management 
concerning progress being made. | 
is essential that it be demonstrated 
regularly that management feels ac- 
countable for the success of the pro- 
gram. Shop supervisors are, in th 
long run, the key men in getting 
the specific details worked int 
shop operations. If there is slacken- 
ing of management’s concern, thes 
men are the first to feel the effect 

In some foundries, safety depart- 
ments or safety committees are doing 
worthwhile work. However, in many 
instances, these groups, because 0! 
a lack of authority, are only par- 
tially effective. Whenever a safety 
group is established, management 
should make certain that sufficient 
authority is assigned to carry out 
the work delegated to it. 


should be fre. 


Psychological Condition 
Once such a group begins 
in accomplishment, a poor Psy 
chological condition arises whereb 
its efforts are lessened and its 
standing or prestige among ‘oremen 
and workers becomes of little conse- 
quence. Management mu:t make 
sure that when it delegates respo? 
sibility in accident prevenuon, " 
also delegates sufficient authority © 
achieve results. 


to fail 








tting 










wise to 


would be 


| way to take part 





itine accident pre- 
s which are put in 
example, it is im- 
agement be present 
represented at all 
ed as a part of the 
evidence of support 
| go a long way ‘in 
eetings worthwhile. 













+ Data Reviewed 
erience data must be 
ntly so that pertinent 
n be passed along. It 
t poor accident expe- 

' ports or investigations 

‘dents be discussed thoroughly 

! on as current operat- 
nrob When the record is 
jually important to rec- 

ve the good work of those re- 
onsible so that interest and co- 
tion will be kept alive and 
















Reports of shop inspections, if 
should be reviewed and fol- 
up by management. The 

rpose of inspections is to 
t unsafe conditions so correc- 
measures can be undertaken. 
pt action, however, by man- 
nt in remedying unsatisfactory 
tions disclosed by such inspec- 
another means whereby its 
terest in accident prevention is 
sed in tangible form. Sugges- 
for the betterment of shop 
tices are oftentime encouraged 
forward looking managers. 

There are other ways, of course, 

h management can use defi- 

ely to associate itself with the 

tual working out of an accident 
prevention program—awards, con- 
bonus plans and bulletins, but 
regardless of the method, if it serves 
onvince the shop personnel that 
nagement is in back of the pro- 
gram, it is bound to succeed. 





























\ sizable percentage of reported 
oundry accidents are the most com- 
n types found in all industry— 
imps, falls, strains, bumps and 
oruises—resulting from hazards aris- 
ing irom poor housekeeping condi- 
and unsafe methods of han- 
ling materials. 










As a sort of dual project it is rec~ 
mmended that good housekeeping 
and good materials handling meth- 
ds be used by management as the 
‘ramework on which to create im- 








Poor 
housekeeping and inadequate han- 
dling methods 
the number of exposures to accident 
hazards and the minor hindrances 
to production. 


proved foundries conditions. 


invariably increase 


Housekeeping alone can accom- 
plish a great deal in accident pre- 
vention in that it acts as a sort of 
catalyst. Once improved housekeep- 
ing is started, it stirs up interest in 
better maintenance and improved 
arrangement. An orderly foundry is 
well on the way to being a safe and 
efficient work place. 

Management has a problem in 
planning for good housekeeping. 
There are several phases to be re- 
viewed in setting up a program— 
storage facilities, maintenance, house 
cleaning procedures, waste disposal, 
etc. If such factors are not consid- 
ered with the idea of simplifying 
housekeeping, housekeeping may be- 
come unnecessarily costly. As man- 
agement takes steps to establish im- 
proved housekeeping methods, it 
becomes evident to all concerned 
that a real importance is attached 
to this part of shop practices. 


Housekeeping Procedures 

Many foundries today have estab- 
lished excellent housekeeping pro- 
cedures. It would, no doubt, be 
found that it took considerable time 
to develop these programs. I be- 
lieve it would also be found that as 
the programs were worked out the 
interest and cooperation of workers 
increased steadily. Housekeeping is 
an activity in which everyone work- 
ing in a foundry can take part. It 
depends basically on selling the idea 
that orderliness produces benefits for 
all. Management will succeed in this 
task to the degree it demonstrates 
its faith in the worth of good house- 
keeping by providing and maintain- 
ing means and methods of carrying 
it on effectively. 

The control of dust, fumes and 
smoke may be taken as a part of 
housekeeping although its signifi- 
cance is such that it is often very 
properly singled out for special treat- 
ment. 

The methods of control required, 
of course, depend upon type of oper- 
ation but, in any event, management 
is obligated to evaluate the signifi- 
cance of the exposure and to organ- 
ize the control procedures. A com- 
prehensive and adequate dust con- 
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trol setup in some foundries involves 
considerable effort and expense but 
it produces commensurate benefits 
in improved working conditions 

At this point it is probably in or- 
der to discuss the more or less com- 
mon conception of a foundry as a 
“tough” place in which to work. 
There are, of course, legitimate 
methods of becoming dirty and tired 
in most industrial plants and a 
foundry is no exception. 

In the past, in many foundries it 
was generally accepted that working 
conditions were on the rugged side 
and no real attempt was made to 
lighten things. The significant fac- 
consider is that in the 
some 


tor to 
“rugged” 
factors such as heavy manual lifting, 
pushing, and pulling which can be 
replaced by labor-saving methods or 
equipment with marked advantage 
from both production and accident 
prevention standpoints. Mechaniza- 
tion is not necessarily restricted to 
complete mold and sand handling 
units. 


element there are 


In certain shops some hard sur- 
faced gangways and a lift truck 
would handle the bulk of the heavi- 
est work. A few lengths of roller 
conveyor or a span or two of mono- 
rail in other instances would elim- 
inate the worst strain hazards in the 
shop. In the foundries where 
mechanized handling units are not 
warranted or adaptable, manage- 
ment is faced with a challenge to 
utilize miscellaneous and partial ap- 
proaches to reduce the amount of 
heavy manual labor required. 


Materials Handling 

From an accident control angle, 
materials handling is a major prob- 
lem in many industrial undertakings. 
Where manual effort is required to 
handle heavy loads regularly, there 
is bound to be an _ outstanding 
hazard. Over a period of time the 
inherent hazards of such lifting are 
sure to result in accidents. 

In some instances definite limita- 
tions exist with respect to the extent 
to which labor saving devices can be 
warranted based solely on accident 
prevention considerations. But here 
again, the close relationship of acci- 
dent prevention and efficient pro- 
duction methods will oftentimes 
provide the solution. By studying 


the two factors together, the benefits 
of reduced handling costs and elim- 
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ination of accident hazard will be 
found adequate to justify the indi- 
cated action. 

The following items describe situ- 
ations where investigations of ma- 
terials handling methods originating 
from accident prevention approach 
are indicated: 

1. When an analysis of accident 
occurrence shows that there is a 
high frequency of accidents arising 
from handling of a particular type 
of material or object (kegs, bags, 
flasks, patterns, pig iron, scrap, cast- 
ings). 

2. When more than one person is 
regularly required to lift or move 
an object and there is severe poten- 
tial hazard (of strains, bruises, 
burns) which might result in an ac- 
cident owing to human failure, un- 
safe practice or improper working 
conditions. 

3. Where one person is required 
to lift or move regularly a load that 
is in excess of 70 lb. for a man or 
25 lb. for a woman. (These figures 
of 70 lb. and 25 lb. are not intended 
to have any authoritative signifi- 
cance as to what constitutes a safe 
maximum weight for anyone to lift. 
The weights were taken only as a 
starting point with the idea that 
some top limit be established as a 
point at which on regular lifts im- 
proved methods would be consid- 
ered. The speed or frequency, dis- 
tance of transport, shape of object, 
position and reach height of lift are 
all factors which must be taken into 
consideration in analyzing the haz- 
ards accompanying a particular lift.) 


Material in Process 

4. Where congestion of material 
in process is causing unsafe working 
conditions with accompanying acci- 
dent hazards. It is often possible to 
clear up cluttered areas by provid- 
ing equipment which makes it pos- 
sible to use remote storage areas, to 
handle material in process in smaller 
lots with less floor area consumed at 
work stations for temporary storage, 
in disposal of scrap and waste, etc. 
Improved housekeeping often may 
be obtained only by better materials 
handling procedures. 

5. Whenever there is excessive 
manual rehandling of an object be- 
tween process steps. As the amount 
of handling is reduced, the exposure 
to accidents is cut down. The sim- 
ple ideas should be studied first— 


use of platforms and benches so that 
material can be kept off the floor, 
platform skids (for hand or power 
lift trucks) so units of material can 
be moved about easily and kept 
ready for transport between process 
operations, etc. 

This procedure of “spotting” acci- 
dent hazards in materials handling 
is similar in approach to that of job 
analysis, methods planning, and mo- 
tion study in straight production 
work. When it is adopted and used, 
hazards are cleared out along with 
certain production interferences. In 
many foundries, management will 
find that improved housekeeping 
coupled with application of better 
materials handling will turn the ac- 
cident frequency curve downward. 


Accident Probability 

The probability of an accident 
arising from some particular opera- 
tion conceivably could be eliminated 
entirely by 100 per cent safeguard- 
ing, in other words, as the saying 
goes, the job made “fool-proof.” 
However, the bulk of the hazards in 
foundries cannot be handled in this 
manner. The complete safeguarding 
of workers depends rather on a com- 
bination of safe conditions and safe 
practices. Safe working conditions 
are primarily concerned with tangi- 
ble physical conditions which can be 
approached as an engineering prop- 
osition. This is a relatively simple 
problem with a definite beginning 
and an end. 

The establishment of safe prac- 
tices is more involved. It might be 
described as an undertaking in hu- 
man engineering. While one of the 
inherent instincts of man is that of 
self-preservation, it appears that un- 
der certain industrial activity, an 
indifference to certain type hazard 
develops which ultimately is the 
fundamental cause of an accident. 
Safe practices, therefore, funda- 
mentally are concerned with the 
creation of patterns of thinking to 
build up defenses against this indif- 
ference and lack of understanding. 

In any apprentice or training pro- 
gram, therefore, it is essential that 
accident prevention be stressed as 
fundamental factor in becoming an 
efficient foundryman. The hazards 
of the business must be pointed out 
and, at the same time, the safeguards 
necessary for the worker and his fel- 
low workers must be explained and 
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sold as the right way 
a hazard is known 
ticipated, it can be 
accidents prevented. 

Management must. 
ercise a continuous s 
practices to detect u etd 
of working. Supervi ice: . 
front line responsibility. § 
men must be on the 
thorized short cuts, isa 
and failures to follow approved p 
cedures. It is often jj prone 4 
make a charge of carelescn: 

a man is injured because of 
to follow good practic: 

There is invariably 
sounder reason—lack of und; rstand. 
ing of hazard, lack of instruction 
a misconception of the ultima 
benefit to himself and to his em. 
ployer in accident prevent 
Management, as a step to foster 
practices should, therefore, be 
record with approved method: 
carrying on hazardous operatio: 
shop rules for the guidance 
supervisors and workers 

Another major responsibility 
management in the control of a 
dents is the proper placement 
individual workers. There are u 
ally basic physical requirements for 
a job or an occupation and if qual 
fied persons are assigned to thes 


jobs, the probability of accident 
reduced. A definite review of p! 
ment routine is in order in any siz 


foundry. Physical capabilities should 
be matched up with job demands 


Job Analysis 

To obtain maximum benefits, it i 
often desirable to develop a proce- 
dure of physical demand job analy- 
sis. With such analyses availabl 
and a method of utilizing them, it » 
possible to place workers with a de- 
gree of certainty that there will > 
a minimum of misplacement and ac- 
companying liability to accident 

The foundry industry looks for 
ward to a future in which technical 
developments in the casting 0 
metals will make possible an out: 
standing contribution by the indus 
try to the industrial growth of th 
nation. This result, however, is ¢ 


pendent upon manpower for actual 
fulfillment. 

The industry must, therefore, ™ 
terest and attract men to carry 


the work to be done. This is 4 re! 
and tangible problem whic! is being 








¢ amount of at- 
It is a respons! 
nt to take action 
that the foundry 
better known for 
interesting, prol- 
factory place in 
velihood. 
ntion, in that it is 
the creation and 
od working con- 
ide to play an im- 
this undertaking. 
employee welfare 
a new public no- 
work. An “open 
ne foundries have 
splendid oppor- 
uaint potential em- 
ther interested people 
ictices 
\ evention is not a static 
tricted activity if considered in 
tentialities. New ap- 
etimes carry accident 
considerable way be- 
nventional acceptance of 
For example, a program in- 
lustrial preventive medi- 
uch. Workers in good 
ndition are better pre- 
vork safely and effec- 


procedures, taking into 

nt the physical conditions of 
n be expected to produce 
results in the control of 
Health maintenance, in- 

in nutrition, and after 

are factors in the han- 


ng ibsenteeism. These and 


projects are all of long range 
m to management in assuring 
and well being of those 
in our foundries. 
conclusion, it can be said that 
nt prevention has proven its 


rth and is generally recognized as 


nection of management. To be 
tive, it must be based on ac- 
f its real significance and 

nized as an integrated part of 
perations. It requires the un 


tanding and participation of all 
nnel. Successful accident 


prevention conserves human life and 
skills, expedites production and pro- 
motes good working conditions. It 
tends to create good morale among 
workers and in so doing is of in- 
terest and concern to the public 

For the ultimate good of the 
foundry industry and the welfare of 
those engaged in it, management 
may properly expect to achieve last- 
ing gains through its efforts in the 
prevention of accidents. 


DISCUSSION 


Chairman: James THomson. Con- 
tinental Foundry & Machine Co., East 
Chicago, Ind 

Co-Chairman C. P. Gurion, W. W 
Sly Mfg. Co., Chicago 

D. Tamor': While it seems that in 
most cases management is definitely sold 
on safety, what means would you adopt 
to combat human failure on the part of 
workers and the general violation of 
safety rules? 

Mr. Metcs: As I get it, management 
is sold but they cannot sell the employees 

Mr. Tamor: Not quite that. In 99 per 
cent of the cases, management is sold, 
but you do have human failures. You 
might set up a rule on the use of leg- 
gings, spats, or goggles and nine men 
wear them and one man will not and 
that one man who will not wear them 
demoralizes the other nine. How can you 
get away with a selling program? What 
would you do if you happened to be 
Assistant Foreman or Foreman of a Pour- 
ing Gang? 

Mr. Meics: The whole point is that 
if management really accepts safety, they 
must work to get it across. For years it 
has been recognized that an educational 
program, a program of stimulation, a 
program of educating people in safety, 
was a part of a complete safety program 
Now if you have the situation where 
one man does not wear leggings and 
nine do, I would say you had an easy 
problem. The most common situation 
would be where you had much less co- 
operation than that. You have the thing 
boiled down so it is a small problem to 
work on that one man 

Mr. Tamor: What do you do with 
that one man? 

Mr. Meics: Without getting mixed 
up in labor relationships, I know of 
places where they would not let him 
work. It depends upon how important 
safety is considered. If you do not want 
to let him disrupt your whole program, 
you must stop him. 

Mr. Tamor: But you may have a 
labor relations problem there. 





Mr. Meics You may hav te switcl 


round to a program of leading them 


r 


ip the sawdust trail. I do not thin] 
situation is going to last very long. I 
think as safety becomes more generally 


accepted, in the shops where they have 


put on an earnest program they have 
been astounded by the success they hav 
had 


MemsBer: Where you have 99 per cent 
of the pe ople observing safety rules and 
one man 1s careless, I have found it effec 
tive to take that one person off to the 
side and have a heart to heart talk with 
him. That way vou reduce that care 
lessness I have found that procedure 


very effective 


G. R. Carpenter’: It might help to 
get the unions to endorse the safety pro- 
gram You can put more pressure on the 
fellow who does not cooperate. In many 
cases, the union will endorse the pro 
gram or will go along on the general 
principle, and in that event the non-co 
operator has no backing for not support- 
ing it 

CHAIRMAN Qurion: In fact, the unions 
are more or less insisting on safety being 
a part of the labor contracts as I un 
derstand it 

Mr AMOR Both expedients have 


been tried. That is, the man has been 


given a heart-to-heart talk and, in addi 
tion, we have had the cooperation of the 
union. The fact that 90 per cent of the 
men do abide by the safety rules and 
regulations is enough evidence that the 
union is back of us. But the I. Q. of the 
men in certain divisions of the foundry 
is so low that it is difficult to give them 
a sales talk. We actually have a replica 
of the eye up on the display board, with 
all its functions, and we try to give the 
man a story on how important it is to 
keep his eyes, but the problem still does 
exist 

The problem also exists that experi- 
enced pourers or weight shifters are difh- 
cult to get. If you in your foundry do 
not have that problem, you are fortunate ; 
and if you have a good selling campaign, 
you are fortunate, too At one of our 
plants, even a salesman could not get in 
without glasses I was there recently 
and one man in the foundry grinding 
room did not wear goggles and I heard 
the foreman call up the safety director 
and ask him how far you can go with 
the rule. So you do have a labor rela- 
tions problem there. You can not upset 
an organization and yet you can not 
stand the chance of disruption of a safety 
program. 

1American Chain & Ceble Co., York, Pa 


?Minneapolis- Moline Power Implement Co 
Minneapolis 











EFFECT OF HEAT TREATMENT ON THE 
ENDURANCE LIMIT OF 
ALLOYED GRAY CAST IRON 


By T. E. Eagan, Chief Metallurgist, 


The Cooper-Bessemer Corp., Grove City, 


Pa. 





S far as the author can deter- 
mine, Moore and Picco’ are 
the only ones who have re- 

ported any results of the effect of 
heat treatment on an endurance 
limit. They ran endurance limits 
both in reverse bending and in tor- 
sion on specimens taken from a 7-in. 
I.D. cylinder with a 1%-in. wall 
thickness, both in the “as-cast” and 
in the heat-treated condition on a 
gray cast iron of the following 
analysis: total carbon, 3.07; silicon, 
1.26; manganese, 0.90; sulphur, 
0.08; and phosphorus, 0.15 per cent. 
The results that they obtained are 
shown in Table 1. 


It will be seen that although they 
obtained a 58 per cent increase in 
tensile strength, there is only a 19 
per cent increase in the endurance 
limit in reverse bending and a 30 
per cent increase in torsion. The 
endurance ratio (endurance limit 
divided by tensile strength) is actu- 
ally reduced both in bending and in 


torsion. 


In the development of materials 
which would serve for cast crank- 
shafts, the possibilities of obtaining 
high endurance limits by heat treat- 
ment were investigated. This paper 
covers this investigation. 


Two crankshafts were cast of a 


*All of the material used for this inves- 
tigation was manufactured under license 
of The Mechanite Metal Corp. 





This paper was presented at a Gray 
Iron Session of the Fiftieth Annual Meet- 
ing, American Foundrymen’s Association, 
at Cleveland, May 10, 1946. 


processed cupola iron* of -he follow- 
ing analysis: total carbon, 2.84; sili- 
con, 1.40; manganese, ').67; phos- 
phorus, 0.11; sulphur, 0 059; nickel, 
1.69; chromium, 0.16; molybdenum, 
0.46; and copper, 0.)5 per cent. 
(The chromium and the copper 


was done was determined by , 
thermocouple inserted in the mold 
cavity before pouring. 

The crankshafts cast were of such 
a design that a number of test se. 
tions 634-in. O.D. by 3-in. LD. } 
914-in. long could be «ut. The 3-in 





Table 1 


ENDURANCE Limits For IRONS TESTED 





Static 
Condition Tensile Endurance Limits, psi.— Endurance Ratios*— 
of Strength, 
Specimen psi. Bending** Torsion** Bending Torsion 
AS CaSt veces. 48,000 21,000 16,500 0.44 0.34 
Heat treatedf........ 76,500 25,000 22,000 0.33 0.29 


*Ratio of endurance limit to static tensile strength. 


**Completely reversed cycles of stress for unnotched specimens. 
tPreheated slowly to 1000° F., then heated to 1600° F., quenched in oil and reheated to 1000° F 





were not added but were residuals 
in the scrap. The nickel and molyb- 
denum were added to the charge in 
the cupola and not to the ladle.) 
One of these crankshafts was 
allowed to cool to room temperature 
in the mold. The other was shaken 
out of the mold when it reached 
1600° F. and allowed to cool in still 
air to room temperature. The tem- 
perature at which the shaking out 


I.D. was a cored hole, which gave a 
metal section of 17-in. thickness 
A sufficient number of test spec 
mens were obtained from the crank- 
shaft that cooled in the mold to 
carry on the various heat treatments 
given in the following. The shaking: 
out of the crankshaft at 1600°F 
and allowing it to cool in air is con- 
sidered as one type of heat treat: 
ment, so the results are included. 





® Considerable information is available on the heat treating of grey 
cast iron to increase the tensile strength. However, the effect 
this heat treatment on the endurance limit has been more or less ¢ 
neglected subject. Furthermore, the effect of size of section and 
original microstructure on the final heat treated tensile strength and 
endurance limit is apparently an open field for investigation. 
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practice in this 
a stress-relieving 
° F. to all cast 
shafts, therefore, 
atment before the 
ere cut from them. 
ndition used in this 
t the pieces were 


heat treatments, 
1» + yn of heat treatment 
to the test sections 
the cast crankshaft. 


Heat 7 ent A. 


Heat slowly 
600° I ld 2 hr. Quench in 
Reheat 50° F.—2 hrs. Cool 

Heat 7 ment B. Heat slowly 
1600° I old 2 hr. Oil quench 

F. Hold at 900° F.—16 hr. 

( n all 
Heat Treatment C. Heat slowly 
(600° F., hold 2 hr. Oil quench 
f F. Hold at 650° F.—16 hr. 
Cool in ait 
Heat 7 tment D. Cool in mold 
(600° F. Then strip from mold 
air cool, then stress relieve at 
; 
Heat treatment A is the usual 
len and temper” treatment 
1 to produce high tensile strength 


nd high hardness. The tempering 
of 1050° F. was given 
:pproach the maximum hardness 
t could be machined. 


erature 


T 


Flinn and Reese*, working with 


nolybdenum alloyed gray 
ns with total carbon of 2.50 per 
nd silicon of 2.50 per cent, 
shown that high 


sical properties may be obtained 


extremely 


f the matrix structure of the iron 
They have also shown 
this acicular structure is an 


stenite 


icicula’r 


transformation product 
vhich is formed at temperatures of 
rom 900° F. to 500° F. provided 


t the material is austenitic when 








Fig. 2—Endurance testing machine capable of handling |-in. diameter specimens. 


it reaches this temperature range. 

Some time must be spent in this 
temperature range to produce the 
desired structure. In other words, 
if the rate of cooling of the mate- 
rial is sufficiently fast to bring it 
past the nose of its isothermal trans- 
formation curve (S curve) and then 
held in the range of 500-900° F., an 
acicular structure will be formed. 

Mold cooling is so slow that it is 
practically impossible to form an 
acicular structure in unalloyed gray 
iron. The addition of nickel and 
molybdenum shifts the nose of the 
curve to the right, giving a longer 
nose time. This allows the retention 
of the austenite down into the range 
of 500-900° F. where, if the mold 
cooling rate is satisfactory, the acicu- 
lar structure will be formed. 

Flinn and Reese? also have point- 
ed out that the combined carbon in 
the matrix must be eutectoid compo- 
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I—Sketch showing design of endurance test bar. 


sition to form a truly acicular struc- 
This 


0.70-0.90 per cent. In order to pro- 


ture. range of carbon is 
duce this eutectoid composition in 
an; given section, a proper balance 
between the total carbon and silicon 
must be maintained. 


Heat treatments B, C and D are 
attempts to produce the acicular 
structure in the section cast and with 
the analysis previously stated, which 
by microscopic examination was 
proved to be almost eutectoid in 
composition. Since the formation of 
the acicular structure is really a 
function of the cooling rate, it was 
believed that this cooling rate could 
be controlled by heat treatment, and 
thus the acicular structure could be 
produced. 

As no “S curves” were available 
for the composition of metal in- 
volved, oil quenching was consid- 
ered to be sufficiently fast to cool 
past the nose of the 
method was available for determin- 
ing the temperature at which to 
remove the test section from the oil 
and place it in the furnace for 
holding. 

This temperature had to be esti- 
mated, so it is very possible that it 
was above or below the holding 
temperatures of 900° F. and 650° F. 
used. All that is certain is that both 
test sections were below 1000° F. 
when taken out of the oil. 


The holding temperatures of 


curve. No 
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Fig. 3—Photomicrograph showing graphite size and distribution, 
Heat No. 4615. Unetched, 


900° F. and 650° F. were arbitrarily 
chosen. Other temperatures would 
have been tried if there had been 
sufficient material to do so. The air- 
cooling treatment was one that had 
produced promising results on previ- 
ous experiments, hence it also was 
tried. 

Sufficient material was available 
in each test section to obtain tensile 
tests, impact test and endurance 
limit bars. Microstructure specimens 
were cut from the threaded end of 
the tensile test bars. Standard 


diameter were cut from the 
tions so that the center of 
bar was at the center of the 
The endurance limit bars and im- 
pact test bars were also located 


testing was done on approximately 
» metal which was located at the 
same position in the section thick- 
ness of the test section. 


Fig. 5—Same as Fig. 4 except given heat treatment A. Fig. 6—Same as Fig. 4 except given heat treatment B 








Fig. 4—As-cast microstructure of Heat No. 4615. Etched, hydro 
chloric and picric acids in alcohol. 1000X 


chined to the dimensions 

Fig. 1. It will be noted 
diameter of the section 
1.000 in. instead of the smaller 
pieces which are usually 
0.300 in. 

All of the testing was do 
Baldwin Southwark endurance: 
ing machine capable of handii 
the one-in. diameter specimen 
testing in reverse bending. T! 
machine is illustrated in Fig. 2. 1 
ends of the specimen hav 
shrunk onto them, which ar 


Same as Fig. 4 except given heat treatment C. 


S OF 


Hardness 


PHYSICAI 


Brinell 


217 

11 
248 
255 
248 


2.84; Si, 1 


ENDURANCE LIMIT 


Bar No 


PRopEeRtTy TESTS IN Heat No 


Izod, 
ft -lb 


18 
16 
15 
21 
18 


4) 


Test RESULTS ON Heat No. 4615 


Mn, 


Table 2 


Endurance 


Endurance 
Limit, 
pst. 
17,500 
18,000 
17,500 
22,500 
21,000 


0.67: 


Stress, 
pst. 
21,000 
18,000 
17,500 
17,000 
16,000 


Endurance 


18,500 
18,500 
18,000 
17,000 
16,000 


P, 0.11; S, 


Ratio, 


Limit: 
Tensile 
Strength 

0.35 
0.270 
0.28 
0.32 


0.32 


Limit 


Endurance Limit 


20,000 
18,000 
17,500 


Endurance Limit 


25,000 
23,000 
22.500 
22,000 


Endurance 


22,000 
21,500 
21,000 
20,000 


Endurance 


Limit 


Limit 


0059 Ni 


Tensile 
Strength 
Ine réaseé 
by Heat 


Treatment, 


per cent 


1.9 
25.4 
40.6 

40.8 


Cycles for 
Fracture 
420.000 
652,000 
10,102,000 
13,713,000 
10,725,000 
17,500 psi. 
1,387,000 
1,312,000 
12,296,000 
10,191,000 
10,218,000 
18,000 psi. 
829,000 
3,172,000 
17,466,000 
17,500 psi. 
375.000 
619,000 
13,966,000 
10,160,000 
22,500 psi. 
586,000 
1,830,000 
10,287,000 
18,184,000 
21,000 psi 


0.16 


1.68; Cr 


Fig. 8—Same as Fig. 4 except given heat treatment D 


1615* 


Endurance 
Limit 
Increase 
by Heat 
Treatment, 
per cent 


9a 


None 
28.6 
20.0 


Mo, 0.46 


Remarks 
Broken 
Broken 
Not broken 
Not broken 
Not broken 


Broken 
Broken 
Not broken 
Not broken 
Not broken 


Broken 
Broken 
Not broken 


Broken 
Broken 
Not broken 
Not broken 


Broken 
Broken 
Not broken 
Not broken 


turn, bolted to the spindles of the 
machine. The speed of operation of 
the machine is 3475 rpm 

The Izod impact used is one that 
has been recommended in England 
and employs an unnotched speci- 
men of 0.798-in. held 
that it projects 1'%-in the 
holding The standard 120 
ft.-lb. Izod tup was used to break 
} and 


diameter so 
above 
jaws. 
the specimen (see references 
4 for a complete desc ription with 
dimensions of this test 

This type of impact test has been 


temporarily adopted in the author’s 


information 
this test is 
however, the 
be- 


least 


Sufficient 
of 


available; 


laboratory 
the evaluation 


not as 


for 
yet 
obtained are included 
cause it is felt that they at 
indicate relative trends. 

A complete micrographi 
was made of all the sections tested. 
Only pertinent photomicrographs 
are reproduced in this report. 

The results of the physical prop- 
erty tests, including the endurance 
limit obtained on the various test 
sections, are shown in Table 2. The 
endurance test results are shown in 
Table 3. The ratio of endurance 
limit to tensile strength been 
calculated, as well as the percentage 
tensile strength and 
endurance limit caused by heat 
treatment lable 2) 

The photomicrographs of the as- 
cast structure are shown in Figs. 3 
and 4. Those obtained in the heat- 


results 


study 


has 


increases in 


also shown in 
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Table 4 
Test Resutts ror Heavy Sections (24%4-1n. Tu1ckness) Ni-Cr-Mo A.LLoyep Gray Ir: 
Ratio, 
Endur- ! ed by H 
/ Chemical Analysi Tensile ‘anes Brindt Lima: *°™%, pore 
Heat : a Shemicai Analysis, per cent——— vas 6 6h wae Same: Endy 
No. T.C. Si Mn P S Ni Cr Cu Mo Cotten “ES SS Ee, iam 
3364 3.06 1.40 0.91 0.11 0.071 1.54 0.30 0.49 As cast 46,800 16,000 197 0.34 = 
ie ah taoe , 1600° F.—2 Hr. (Oil) 
d 9 0. a ea ° ; ‘ 
3364 3.06 1.40 0.91 0.11 0.071 1.54 0.30 0.49 1130° F__9 He (Air) ©3400 15,000 255 0.23 
3397 3.09 1.74 0.93 0.068 0.051 1.40 0.28 0.58 As cast 52,000 17,000 207 0.33 _ . 
as P - P 1600° F.—2 Hr. (Oil) 
9 i : 93 0.0 0.0! ; 2 0 : 
3397 3.09 1.74 0.93 0.068 51 1.40 0.28 0.58 1025° F—2 Hr (Air) 79,750 15,500 293 0.20 
3913 2.94 1.32 0.99 0.089 0.055 1.39 0.30 0.50 As cast 49,000 16,500 217 0.34 7 
3913 2.94 1.32 0.99 0.089 0.055 1.39 0.30 0.50 * 58,500 16,500 277 0.28 195 
*1600° F.—10 hr., quenched in oil to 900* F. Held at 900° F.—16 hr. Air cooled. 











treated condition are shown in Figs. 
5 to 8, inclusive. 

The as-cast condition of the metal 
was given a thorough investigation. 
The graphite size and distribution, 
Fig. 3, is a random flake (A.F.A. 
GrapuiTe Cuart, Type A, Size 4). 
The matrix structure is almost pure 
pearlite, Fig. 4, but an occasional 
spot of ferrite could be detected and 
one such spot is shown in the photo- 


the structure obtained by such a 
heat treatment of an alloyed gray 
iron. Higher tempering tempera- 
tures would change this structure 
to sorbite with a corresponding drop 
in hardness and tensile strength. 
However, no further testing was 
done along this line because of lack 
of material. 

Heat treatment B, which is one 
attempt to obtain an acicular struc- 


the tensile strength to 63.300 , 
an increase of 25.4 per cent: hoy. 
ever, the endurance limit remained 
the same, 17,500 psi. 
The microstructure for heat tres. 
ment B is shown in Fig. 6, Thi 
structure is what Flinn and Rees 
call acicular ferrite. The impact re. 
sistance is lowered by this treatment 
In fact, this was the lowest impac 
value obtained in any of the heat. 





micrograph. ture by allowing the transformation treatments. 
Examination at lower diameters to take place at 900° F., increased Heat treatment C, wher 
showed the matrix to have a slight 
amount of primary cementite. The a 
photomicrograph of this is not 
Table 5 


shown in this paper. This structure 


was considered to be almost truly ENDURANCE Limit Test RESULTS ON Heats No. 3364, 3397 anp 39! 
pearlitic. tees . nm Cycles } 
Oh. . teeth, atin . _— ea ar Tess, aycles for 
‘ Phe te nsil¢ stre ngth of the as-cast No. Heat Treatment No. pst. Fracture Remarl 
billet was 50,500 psi. and the — 3364 As Cast 2 18,000 843,000 Broken 
durance limit was 17,500 psi., which 3 17,000 1,187,000 _ Broker 
Se . “eo imi 4 16,500 5,507,000 Broken 
gave a ratio of endurance limit to 6 16°250 4'805°000 Broke: 
tensile strength of 0.347. This ratio 1 16,000 10,101,000 Not broke: 
is somewhat lower than _ usually Endurance Limit—16,000 psi 
shown for gray iron, but it is within 3364 1600° F.—2 hr.—Oil 1 20,000 380,000 Broken 
> ie 1130° F.—2 hr.—A 2 19,000 370,000 Broken 
the range the author has usually ex- a 3 17,000 1,272,000 “ve sa 
perienced with sections of this size. 5 16,000 1,685,000 Resken 
“he rec > at. 6 15,500 1,541,000 Broken 
The normally recommended treat 4 15°000 10°532,000 Not broken 
ment for gray iron to improve the Endurance Limit—15,000 psi 
tensile strength is to oil harden and 3397 As Cast 2 20,000 1,175,000 Broken 
temper. That was done, of course, ; rey te py hy mac om 
in heat treatment A. It will be noted 5 17,000 11:439.000 Not broken 
that this treatment increased the l 16,000 _ 10,249,000 —_ Not broken 
tensile strength from 50,500 psi. to : Endurance Limit—17,000 psi 
OR.000 id om inctennt of S55 0b 3397 1600° F.—2 hr.—Oil | 18,000 802,000 Broken 
> Pe, SS ee SS ee 1025° F.—2 hr.—Air 2 16,000 3,039,000 Broken 
cent. 5 15,500 10,003,000 Not broken 
However, this increase is not re- : ayo ype + — 
flected in the endurance limit, which Endurance Limit-—15,500 psi 
in this case was raised from 17,500 3913 As Cast 1 20,000 726,000 Broken 
psi. to 18,000 psi., or 2.9 per cent. 7 yt Lota ne 
An increase is also noted in Brinell 5 16500 Byte Not coil 
hardness. The impact resistance is 3 16,000 10,213,000 Not broken 
lowered from 18 to 16 ft.-lb. Endurance Limit—16,500 psi 
sthigare : - p= 3913 1600° F.—10hr.—Oil_ 1 20,000 696,000 Broken 
The microstructure obtained by cooled to 900° F.,held 2 18,000 1,110,000 Broken 
this heat treatment A, as shown in 16 hr.—cooled in air. 4 17,000 2,666,000 Broken 
Fig. 5, is what may be considered : yoo Hayton won a 
sorbo-martensite and is typical of Endurance Limit-——16,500 psi 





crograph showing graphite size and distribution, 
100X. 


Heat No. 3364. Unetched, 


was allowed to take 
F.. gave a _ tensile 

1,000 psi., an increase 
nt. The endurance limit 
psi., an increase of 28.6 
Che Brinell hardness was 
is lower than the hard- 
tempered material. An 
ie of 21 ft.-lb. is the 


pact value obtained. 


ostructure for heat treat- 
This 


not purely acicular but 


shown in Fig. 7. 


hes of free ferrite present. 


Heat treatment D, which is an 
air cool from 1600° F., 
1050° F.. 


strength; an increase of 30.8 per 


tempered at 
gave 66,000 psi. tensile 
cent. The endurance limit was in- 
creased to 21,000 psi., an increase 
of 20.0 per cent. The Brinell hard- 
ness was greater, being 248, but the 


impact resistance was exactly the 


same as in the as-cast condition 

The microstructure obtained for 
this heat treatment is shown in Fig 
8. It will be seen that this structure 
is pearlitic with some patches of the 


|\—As-cast microstructure, Heat No. 3364. Etched, hydro- Fig. 12—Heat No. 
chloric and picric acids in alcohol. 50X. 


Fig. !0—Photomicrograph showing graphite size and distribution, 
Heat No. 3397. Unetched, 100X. 


acicular structure. However, the 


pearlite is extremely fine, hardly be- 
ing resolved by the mucroscope It 
resembles an as-cast structure that is 
frequently observed in sections much 
thinner than those tested 

All of the foregoing testing was 
done with one analysis of material 
with one basic (as-cast) microstruc- 
ture. This material was chosen for 
the test because the microstructure 
was pearlitic. However, it must be 
acknowledged that 


based on such a test may be mislead- 


conclusions 


3397—Structure of as-cast material. Etched, 
hydrochloric and picric acids in alcohol. 50X. 








Fig. 13—Heat No. 3364—Same as Fig. 


ing. With this in mind, further test- 
ing was carried on using material 
not so ideal in basic structure. 
Chree test sections were obtained 
from three experimental crankshafts 
cast from three different heats of a 
nickel, chrome, molybdenum alloyed 
gray iron. The size of these test 
sections was 8-in. O.D. by 3'%-in. 
I.D. (cored hole) by 9'%-in. long. 
Che section thickness was therefore 
2'\4-in. The castings were mold 
cooled and, because they were cast 
for other experimental work, they 


were not treated to relieve stresses. 


Fig. 15—Heat No. 3364—Structure of heat treated material. Etched, 
hydrochloric and picric acids in alcohol, 50X. 
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The heat treatment, the analysis, 
tensile strength, endurance limit and 
Brinell hardness of each of these 
test sections is shown in Table 4. 
The endurance test results are shown 
in Table 5. It will be noted that 
testing was done in both the as-cast 
and in the heat-treated condition. 
The testing procedure previously 
described was also used for this test, 
including a complete metallographi 
study. 

It will be noted that two of the 
test sections, Heats No. 3364 and 
3397, were given the normal harden 





ig. 14—Heat No. 3397—Same as Fig. !2 except |000X 


and temper treatment, the diffe: 
being in the tempering temperatur 
used. The special heat treatment 
given to Heat No. 3913 will b 
cussed separately. 

It will be noted from Tab 
that heat treatment increases 
tensile strength of Heat No 
from 46,800 psi. to 65,400 psi 
increase of 39.8 per cent, but 
endurance limit has been reduced 
from 16,000 psi. to 15,000 psi 
reduction of 6.2 per cent 

In the case of Heat No 
heat treatment raised the tens 


Fig. |6—Heat No. 3397—Structure of heat treated material. Etched 
hydrochloric and picric acids in alcohol, 50X. 
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Fig. 17—Same as Fig. 15 except 1000X. Fig. 18—Same as Fig. 16 except 1000X. 


2.000 psi to 79.750 was made of these two heats. Figur that both of them show considerable 
crease of 55.5 per cent; 9 shows the graphite distribution of amounts of primary cementite. It 
ndurance limit is reduced Heat No. 3364 and Fig. 10 shows also will be noted that the matrix 

psi. to 15,500 psi., a re- that of Heat No. 3397. The graphite shows what, for want of a better 
8.8 per cent. In these distribution is random flake (Type name, may be called a pseudo-den- 
hardening and tempering A) in both heats. Heat No. 3364 dritic pattern. 
ery substantial increase in shows approximately 60 per cent It is believed that this pseudo- 
trength; but there is an Size 3 and 40 per cent Size 4, and dendritic pattern is an indication 
juction in endurance limit. Heat No. 3397 shows 40 per cent of combined carbon segregation 
case of Heat No. 4615, Size 3 and 60 per cent Size 4 when that is,-areas higher in combined 
y described, the harden and compared to the A.F.A. GRaApPHIT! carbon etch darker than those of 
treatment did not reduce CHART. lower carbon content, thus reveal- 
rance limit; instead, a very Figures 11 and 12 show th ing the original dendritic pattern 
crease was experienced. etched structures of these two heats of the metal. When carbon is dif- 
plete metallographic study at 50 diameters. It will be noted fused more evenly throughout the 


19—Photomicrograph showing graphite size and distribution. Fig. 20—Heat No. 3913—Structure of as-cast material. Etched, 
Heat No. 3913. Unetched, 100X. hydrochloric and picric acids in alcohol, 50X. 
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Fig. 21|—Heat No. 3913—Structure of as-cast material. Etched, 
hydrochloric and picric acids in alcohol, 1000X. 


matrix, no such pattern can be seen. 

Figures 13 and 14 show the struc- 
ture of the matrix at 1000 diameters. 
It will be noted that the matrix is 
pearlitic, but in the case of Heat 
No. 3397 the pearlite has begun to 
spheroidize. Attention is called to 
the structure around the primary 
cementite particles, which is pearl- 
itic, but etches darker than the rest 
of the matrix. This is believed to 
be an indication of carbon segrega- 
tion. 

The structure of the matrix at 
90 diameters after heat treatment is 
shown in Fig. 15 for Heat No. 3364; 
and in Fig. 16 for Heat No. 3397. 
It will be noted that the pseudo- 
dendritic pattern has been accentu- 
ated by the heat treatment. 

The structure of the matrix at 
1000 diameters for Heat No. 3364 
is shown in Fig. 17, and for Heat 
No. 3397 in Fig. 18. After heat 
treatment, Heat No. 3364 is sorbitic 
in structure; while Heat No. 3397 
may be called sorbo-martensite, 
somewhat like the structure of Heat 
No. 4615 (Fig. 5). 

Attention is again called to the 
difference in structure around the 
primary cementite particles. This 
structure is entirely different from 
the rest of the matrix and is be- 
lieved to be due to the carbon segre- 
gation around the cementite parti- 
cles. 

The heat treatment given to Heat 
No. 3913 was an attempt to break 





up the cementite particles and allow 
a better diffusion of the carbon 
throughout the matrix. Holding 


gray iron at 1600° F. for 10 hr. is 


not normally recommended, as 
graphitization of the matrix usually 
takes place, lowering the combined 


Fig. 22—Heat No. 3913—Structure of heat-treated material. Etched 
hydrochloric and picric acids in alcohol, 50X. 


carbon content, with 
lower physical properties. 
The holding at 900° F. was 
attempt to form the acicular struc. 
ture. The results obtained were be- 
lieved to be of sufficient interest t 
include them in this report of tests 


subst quent 


Fig. 23—Heat No. 3913—Same as Fig. 22 except 1000X. 
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\bserved that the ten- 


It 4 : 
as been increased from 


sile stre! 
$9, 0U' 
of 19. 
increase 
Brinel! 
from 2 
The structures obtained are 
Figure 19 shows the 


500 psi., an increase 
cent, but there is no 
endurance limit. The 
ness has been increased 
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ald- 


of inte 
graphit 
proxinl ! 
other materials used for this later 

90 shows the structure 
ist material at 50 diame- 
primary 


tribution which is ap- 
the same as that of 


test. Fi 
of the as 
ters. 
cementit 
dendrit! 
Figure 


ture 


again shows 
particles and the pseudo- 
structure. 
shows the as-cast struc- 
1000 diameters. Again it 
will be seen to be pearlitic, with 
darkened areas around the primary 
mentite particles. Figure 22 shows 
t-treated structure at 50 
It will be observed that 
holding time at 1600° F. 
ompletely broken down the 
ntite particles. 
pseudo-dendritic pattern has 
broadened, which is believed 
be caused by the diffusion of the 
rbon through the matrix. The 
ht areas are acicular ferrite, which 


n be seen better at a higher mag- 
nification, Fig. 23. 


Structure Gradations 

This photomicrograph shows an 
interesting transition; the outer 
matrix is acicular ferrite, but there 
are several gradations of this through 
the truly acicular to an almost mar- 
tensitic structure around the cemen- 
tite particles. It will also be noted 
that there is a considerable amount 
of spheroidization of the primary 
cementite. 


Any conclusions that may be 
the data offered in 
this paper must necessarily be con- 
fined to the nickel-molybdenum and 
nickel - chrome - molybdenum alloyed 
gray cast irons. They must also be 
confined to section sizes which have 
cooling rates analogous to those used 
for the test. 


drawn from 


Furthermore, because of the many 
types and methods of heat treatment 
available today, conclusions must be 
confined to the heat treatments used. 
It also is realized that seven endur- 
ance tests are not necessarily suffi- 
cient to definitely prove the points 
ottered. Nevertheless, it is believed 
that trends may be indicated. With 


this in mind the following is offered: 

1. That, in general, heat treat- 
ment to obtain high tensile strength 
does not give a proportionate in- 
crease in endurance limit. This is 
shown by Moore & Picco" and con- 
firmed by the work offered here. 

2. That the normal harden and 
temper heat treatment to attain high 
tensile strength does not necessarily 
produce any increase in endurance 
limit. Under certain conditions the 
endurance limit may be lowered by 
such a treatment. 

3. That the original as-cast struc- 
ture has a profound influence on the 
endurance limit obtained after heat 
treatment. Unfavorable structures 
in which the combined carbon is 
segregated, apparently can give a 
lower endurance limit than the 
original as-cast condition. 

4. That the nickel-molybdenum 
and _ nickel - chromium - molybdenum 
alloyed gray irons in which no great 
amount of free cementite is present, 
can be heat treated to the acicular 
structure with an increase in en- 
durance limit; however, the increase 
is not in proportion to the increase 
in tensile strength. 
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DISCUSSION 


Chairman: H. Bornstein, Deere & 
Co., Moline, Illinois. 

Co-Chairman: V. A. Crossy, Climax 
Molybdenum Co., Detroit. 

Dr. R. A. FLINN’ (written discussion): 
Mr. Eagan’s paper provides an important 


correlation of fatigue properties with heat 
treatment and tensile strength. It indi 
cates strongly that increase in tensile 
streneth by heat 
improve 


treatment does not 
necessarily fatigue or impact 
properties 

In the first set of experiments, higher 
endurance limit was only obtained when 
the heat treatment was adjusted to pro- 
vide fine acicular structures at the 650 
F. level or by accelerated cooling of the 
casting. Tempered martensitic structures, 
as obtained by the conventional quench 
and draw, or coarse acicular structures of 
the 900° F. level showed negligible im- 
provement. 

The experiments do not include the 
fatigue properties to be expected from as 
cast, fully acicular specimens or tem- 
pered, cast acicular structures. We realize 
that the alloy content required to pro- 
duce a fully acicular structure in the 
heavy castings of this experiment might 
be an objectionable expense but we would 
like to indicate that better properties 
might be obtained. In lighter sections, 
the use of alloy in place of high tem- 
perature heat treatment is generally 
preferable. 

Some improvement might have been 
obtained if the acicular structures were 
tempered after air cooling to room tem- 
perature in treatments BC. The ground- 
mass of the acicular structure always has 
some retained austenite which is best 
removed by tempering after cooling to 
room temperature. We assume the re- 
heating to 1050° F. was considered neces- 
sary in A and D; a lower draw tempera- 
ture might have given better properties 
in general. 

Ihe second set of experiments using 
0.30 per cent chromium iron with nickel 
and molybdenum indicate the deleterious 
effect of free fatigue 
strength after heat treatment. Since the 
material of the first experiments con- 


carbide upon 


tained 0.16 per cent chromium and some 
free carbide could this small amount also 
be operative in reducing heat treated 
fatigue strength previously discussed? An 
alternative solution is that the particles 
may be the complex molybdenum phos- 
phide discovered by Rote. 

As matters of general information we 
would like to know the reason for the 
selection of the large fatigue specimens, 
the correlation of results between large 
and small specimens, and any available 
combined carbon analyses of the speci- 
mens. 

J. E. Coturns’: I would like to have 
more detailed explanation on the surface 
finish of the fatigue specimens. Were 
they simply machined surfaces? There 
is some thought that is not necessary to 
polish cast iron. 

Mr. Eacan: As to the finish of the 
specimens, they were all polished. That 
is true that a lot of people think it is 
not necessary to finish a cast iron speci- 
men because it is not notch sensitive but 
these specimens were polished. They 
were not longitudenally polished. We 
used 2/0 metallographic paper with oil. 
The finish was considered good 

J. H. Scwnaum’®: You place much 
blame on this dendritic structure for not 
being susceptible to increases in endur- 
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ance limit when heat treated. I do not 
believe that in your heat treatment you 
obtained a complete acicular structure. 
Is it possible to get a completely acicular 
structure in this dendritic type iron? If 
you did get it, would it not show a 
corresponding increase? 

Co-CHAIRMAN CroOsBy: I wish to 
congratulate Mr 
paper on a subject that adds 


Eagan on a well pre- 
pared 
materially to our fund of information 
concerning gray cast iron 

I was somewhat of the opinion that 
better ratios (tensile to endurance 
could have been obtained with an iron 
which was more homogeneous in struc- 
ture, i.e., acicular plus graphite, instead 
of acicular plus carbide plus ferrite plus 
graphite. It has been our experience that 
structures exhibiting such heterogeneity 
are usually disappointing in _ physical 
properties 

Mr. Eagan’s observations that it is not 
easy to produce castings with 100 per cent 
acicular structure appears to be sound 
and the further we 
ventional test bars the more difficult the 
problem becomes. The formation of an 
bainite) is the result 


depart from con- 


acicular structure 
of the transformation of austenite at tem- 
perature ranges of 900° F. to 600° F., 
and in the areas adjacent to the gates 
or risers, the cooling rates are very slow 
and we have some high temperature 
products of austenite 
taking place. 


transformation 
pearlite or possibly ferrite 
The structure may well be acicular in 
sections removed from the gates or risers 
where the cooling rate is faster. 

In regard to the apparent inability of 
Mr. Eagan to show a _ corresponding 
increase in the endurance limit by 
heat treatment which increased tensile 
strength, I am wondering if there might 
be some correlation between his find- 
ings on ratio of tensile to endurance and 
the fact that deflection and impact prop- 
erties are not increased by a quench and 
temper treatment [his latter investiga- 
tion was made by G. A. Timmons and 
reported in a paper entitled “Some Fac- 
tors Involved in Hardening and Temper- 
ing Gray Cast Iron” by G. A. Timmons, 
V. A. Crosby and A. J. Herzig appearing 
in TRANSACTIONS, American Foundry- 
men’s Association, vol. 47, p. 397 (1939). 

Comparing the properties after the 
quench and draw treatment producing 
the maximum strength with the original 
properties, the following are 
found: a) higher strength, (b) higher 
hardness, (c) same transverse strength, 
d) reduced deflection, and 
duced impact. Comparing the quenched 
and drawn irons of the same hardness 
as the “as cast” iron the heat treated 
found to possess: (a) 
lower transverse, 


as cast 


(e) re- 


irons will be 
higher strength, (b 


c) lower defléction, and (d) lower im- 
pact 

Mr. EAGAN (author’s closure I defi- 
nitely blame the pseudo-dendritic struc- 
tures that were in heat numbers 3364, 
3397, 3913 for the poor results we ob- 
tained as brought out by Mr. Schaum 
Heat treatment apparently does not al- 
low sufficient time for the combined car- 
bon to migrate throughout the matrix 
Thus, instead of having a uniform struc- 
ture we have a great number of struc- 
tures depending on the combined carbon 
at any one spot. 

The tensile test on such structures 
indicates an increase of considerable pro- 
portions; however, the endurance limit 
is apparently that of the weakest part 
of the structure and no doubt is af- 
fected by the notch effect condition set 
up by these various structures. The heat 
treatments given heat numbers 3364 and 
3397 are those usually recommended for 
commercial castings. The one giver, heat 
number 3913 was an attempt to allow a 
redistribution of the combined carbon so 
as to eliminate the  pseudo-dendritic 
structure and then to attempt to produce 
an acicular structure. It of course was 
unsuccessful. 

I hold no brief for the original as-cast 
structures of these three heats ; however, 
they are what may be expected when 
we alloy gray iron in an attempt to pro- 
duce high physical properties in heavy 
sections without taking into account the 
proper carbon and silicon balance. Such 
structures are not uncommon. 

The only attempt at producing an 
acicular structure was with heat No. 
4615. This heat was chosen because 
it had a matrix which was almost 100 
per cent pearlitic, free of excess car- 
bides, and had no combined carbon 
segregation 

In answer to Mr. Crosby’s discussion, 
heat No. 4615 was in our opinion a 
pearlitic matrix iron produced in a com- 
mercial casting of relatively heavy sec- 
tion. What I wished to show with this 
heat was that with the normal oil quench 
and temper treatment you can obtain a 
good increase in tensile strength but a 
poor increase in endurance limit. The 
best increase in endurance limit is that 
obtained by producing an acicular struc- 
ture which was almost obtained in heat 
treatment “‘C” 

By shaking out the casting hot you 
can also produce a relatively high en- 
durance limit (heat treatment D). How- 
ever, designers usually use the tensile 
strength as the criterion for endurance 
limit and if they use the usual 0.5 ratio 
they would surely not be on the safe 
side for heavy sectioned castings. 

In answer to Dr. Flinn’s discussion, 
we have done considerable work on pro- 


ENDURANCE LIMIT 0 


ducing the cast acicula: 

same sections as reported 
The best we have been 
a 95 per cent acicularity 
endurance limit to tensil< 
proximately the same as 
by heat treatment but 

limit has varied considera} 
to other things than the 
as micro-shrinkage . | 
these results later on. 

We did not attempt 
acicular structures at 50( 
felt that the long hold at 
sufficient to allow the trar 
go to completion. The t 
perature of 1050° F. is nor 
mercial heat treatment to 
machinable hardness so it 
Obviously to do enduranc: 
properly, a number of diff: 
ing temperatures would be d 
expensive. We were limite a 
amount of material availabl: 

Both Mr. Crosby and Dr. } 
about the reason for selecting 
fatigue specimen. We have fi 
time believed that the use of t} 
diameter specimen for testing ¢ 
was undesirable. Our reasoning 
this was that with such a heterog 
material as cast iron any small, 
insignificant flaw which could | 
iron would affect the result 
far more than it should. | 
graphite flakes may do this 

Secondly, when testing heavy 
it is not possible to have the full 
in the endurance test bar, hence ir 
cases the section actually tested is 
center of the cast section. Small dia: 
test bars therefore do not represent 
ficient material, whereas the larger d 
ter bars take in more territory and sh 
give a better representative test 

Furthermore, high tensile streng 
iron is difficult to machine, th 
machining the small diameter sp: 
there is some chance of flexing th: 
men which of course may affect the 
sults obtained. The chance of da 
ing the larger diameter specimen 1s 

As to the correlation of th 
diameter and the large diamete: 
bars, we have run one test and fi 
that with the small material we ob 
an endurance limit of 25,000 
the small specimen and 21,500 
the large specimen. One test 
good criterion for judging; howe 
felt that at least it was on the 

We do not have the combined 
analysis on any of the heats re] 
this paper. 


1American Brake Shoe Co., Mah 

2Du Pont de Nemours & Co., Inc., W 
ton, Del. 

®Naval Research Laboratory, Washi! 



















sTEEL CASTINGS AND WELDMENTS 
RESIDUAL STRESS RELIEF 








DUAL STRESSES are elas- 
vhich exist within a body 


f non-uniform plastic 


n which may have been 

thermal gradients, phase 

tion gradients, and hot or 

rking during fabrication or 

rvi They are present in all 

tures regardless of how 

fabricated, but their inten- 

vary and may at times be 

| from immeasurably small 

ly high values depending 

the material, the fabrication 
ind the prior service. 

Residual stresses are known to 

undesirable dimensional 

in fabrication and service 

1 at times to affect adversely the 

properties of structures. It is 

study the 

thods of controlling and reducing 


re important to 


lual stresses 
Residual stresses may be relieved 
removal of stressed metal 
h usually results in deformations 
the release and rebalancing 
residual stresses (the cause of 
hining instability) ; (2) conver- 
N "he statements or opinions ex- 
erein are those of the authors, 
R. Jelm, formerly associate metallurgist, 
wn Arsenal, Watertown, Mass., 
5. A. Herres, Captain, Ordnance 
ent, Watertown Arsenal, Water- 
town, Mass., and do not necessarily ex- 
pr views of the Ordnance Depart- 
Presented at a Steel Session of 
riltieth Annual Meeting, American 


Foundrymen’s Association at Cleveland, 
May 8, 1946. 
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sion of the elastic stress to plastic 
strain which can be accomplished by 
appropriate deformation under ex- 
ternal loading and by thermal treat- 
ment. 

The first method has no impor- 
tant commercial application as a 
means of 
blasting, tumbling, peening, hydro- 
static and proof loading, or limited 
cold work are utilized in certain 
The most im- 


relieving stresses. Shot 


special applications. 
portant and the most widely applied 
means of relieving residual stresses 
is by the thermal treatment. 

The purpose of this report is to 
review and correlate test methods 
and available data on the thermal 
relief of internal stresses and to indi- 
cate the factors involved in selecting 
the most practical thermal stress re- 
lieving cycles. 

It has been known many years 
that internal stresses did exist and 
did affect the fabrication and serv- 


ice characteristics of metals’? *¢ 


and that their elimination was in 
many cases essential to secure ma- 
chining stability and to prevent 
warpage or distortion and premature 
failures in service, but no reliable 
quantitative data on their magnitude 
or relief were developed until com- 
paratively recent times 

Barrett’? in a review of the meth- 
ods of internal stress measurement 
and their history reported that Kala- 
kuzky® in 1889 made the first quan- 
titative determinations of internal 
stresses in iron cylinders; somewhat 
later Heyn and associates*® and 
Howard’ in the period 1910-1915 
developed similar methods of calcu- 
lating the stresses in simple ob- 
jects by measuring the dimensional 
changes on, machining. 

However, work by Sachs* in 1927 
showed that the calculations of these 
investigators and others who used 
their systems were considerably in 
error due to certain erroneous as- 


sumptions. It was, nevertheless, be- 





Available literature and data on the relief of residual stresses by thermal 
treatment have been reviewed and analyzed. Three basic methods have been 


utilized in determining the effects of stress relief annealing: (1 


determination 


of the residual stresses or movement upon machining an actual part or struc- 


ture before and after annealing; 


(2) determination of the remnant elastic 


extension or bend after annealing suitable specimens prestressed in a jig, such 


as a bolt fixture, or a strip specimen bent to a predetermined radius; (3 


9°) 


determination of a stress-time curve by loading a tensile specimen at an 
elevated temperature and reducing the load to maintain the gage length 
constant at the initial extension. The relief of stresses during annealing is due 
to the combined action of the reduction in yield strength of the material on 
heating to elevated temperatures and creep under decreasing stress. This 
latter effect decreases at temperature with decreasing stress level. 

Analysis of the available stress relief data indicates that at the present time 
(i.e., within accuracy of present test methods) the percentage relief of residual 
stresses, brought about by stress relieving in the temperature range of 750° 
to 1300° F., appears independent of steel type, composition, or yield strength. 
However, the higher the original residual stresses the higher will be the 
remnant stresses after a given thermal stress relief treatment. 
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fore this time that the relation be- 


tween internal stresses and “season 
cracking” of brass was determined 
and a method for its prevention by 
thermal treatment developed®*®*?. 

Several papers on the thermal re- 
lief of residual stresses were pub- 
lished prior to 1930 ** 41% 227, but 
for the most part these qualitative 
discussions failed to amplify or clar- 
ify existing concepts on the relief of 
stresses in ferrous materials which 
were established prior to the turn of 
the century. Quantitative data when 
presented were likely to be mislead- 
ing. The results of several quantita- 
tive investigations and reviews'® 
have been presented in the past few 
years but the need for more and ac- 
curate data on the thermal relief of 
stresses is apparent from the paucity 
of the existing reliable data. 
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One of the chief difficulties in the 
study of the relief of stresses has 
been the development of suitable 
test methods which would permit 
simple accurate determination and 
control of the initial and final resid- 
ual stresses and a comparison of the 
efficiencies of various stress relieving 
cycles which could be translated into 
the service or fabrication require- 
ments of the individual application. 


Structure Tests 

There are three basic methods 
which have been used and are being 
used at the present time. For lack 
of better annotations these will be 
termed for the purpose of discussion 
“structure tests,” “simulated struc- 
ture tests,” and “constant gage length 
tests”; they are discussed in detail 
in the subsequent paragraphs. 

Structure Tests. Perhaps one of 
the oldest and most common meth- 
ods of obtaining data on the relief 


on i 2 a 2 mom 
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Fig. 1—Schematic diagram of stress- 
ing jig (Stewart Method). 
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of internal stresses and the one 
which is most readily applicable to 
specific individual problems is the 
“structure test.” This test method 
consists of subjecting an “as stressed” 
structure, such as quenched or cold 
drawn or rounds, tubing, castings, 
simple welded structures, etc., to de- 
sired thermal treatments and subse- 
quently determining the dimensional 
changes upon machining in an ap- 
propriate manner. By comparing 
these measurements, or the cal- 
culated stresses, to those of the 
“stressed” structure the efficiencies 
of the different cycles can be deter- 
mined. 
Stress Calculations 

Because of the relative simplicity 
of the stress calculations in rounds 
and cylinders, the use of this type 
of structure has been popular. Heyn* 
in 1912 obtained quantitative data 
on the thermal relief of stresses in 
cold drawn rounds by this method, 
and it has since been employed and 
refined by other investigators**~**. 
Cold drawn and heat-treated tub- 
ing **-°* have been used, as have ring, 
hoop, wheel and hub and other spe- 
cifically designed castings****. Sim- 
ple welded structures have been 
tilized in some instances?” **, X-ray 
determination of surface stresses in 
cold drawn and annealed wire was 
conducted by Faggiani** ; this method 
of stress determination has been dis- 
cussed by others*® *°. 

Except for parts identical to those 
under investigation, the relief data 
obtained by this method are not gen- 
erally applicable unless special pre- 
cautions are taken. In the first place, 
the determinations of the actual 
stress values are difficult and tedious 
to perform in other than the most 
simple shapes** ** and are very likely 
to be only approximate. 

In several of the investigations 
only single deflection measurements 
were made, such as in the slitting of 
rings**-*8, tubing**, spokes of hub 
and wheel castings*’*? or other 
similar structures*®**, Stress calcu- 
lations in such cases are very likely 
to be in error and may be entireiy 
misleading. 

When the percentage reduction in 
movement upon sectioning is deter- 
mined as a function of annealing 
temperature and time, the results 
are probably an approximation of 
the relief of stresses in that structure, 
but they cannot be interpolated to 


other structures unles 
stress magnitudes are 
before and after anne 

Not only is the dete: 
stresses in structures < 
control of the magnitu 
tribution is virtually 
They must generally be 
they develop and exist. A 
of residual stresses depen 
tain extent upon their 
shown later, the data obt 
one initial stress magnitud 
tribution cannot be readily 
to another structure wher 
ditions are not the same. It is, the; 
fore, evident that the “structure tes,” 
is difficult to perform and the dat, 
difficult to apply to other than spe. 
cific applications. 

Simulated Structure Tests. Owing 
to the difficulties and disadvantage: 
of the structure tests, other tes 
methods have been developed which 
afford greater control of the original 
stresses and an easy determination of 
the residual stress values. Benson 
and Allison*’, Moore and Beckinsal; 
and others*®** have developed such 
methods. 


Naval Research Method 

The method developed by Stew- 
art*® at the Naval Research Labora- 
tory, and later applied by Beyma 
and Cunnick and McDowell’ 
probably the most convenient and 
readily interpretable of the group 
This consists of a simple yoke jig and 
an ordinary tensile specimen 
shown in Fig. 1. By tightening th 
nuts at either end of the specimen 
any desired tensile strain can be ap- 
plied (it may be desirable to key 
the specimen to prevent the estab- 
lishment of torsional stresses 

The assembled jig is then placed 
in a furnace and subjected to 
stress relieving cycle. After allowing 
the assembly to cool completely to 
room temperature, the nuts are loos- 
ened and the amount of residual 
elastic strain is determined. Since 
the initial and final elastic strains 
are known the percentage relief can 
be easily calculated and the actual 
stress values can be determined by 
multiplying by the elastic modulus 

Slightly modified forms of this test 
have been used by other investi 
gators*” 5*. Benson and Allison*’ ap- 
plied the initial stress by shrinking 
the specimen from an elevated tem- 
perature over a closely m™ hined 
two-section sleeve. Mochel® used @ 
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the large yoke to 

cimen. 

test method certain 

ns are necessary to 
First, the 

should be 


results. 
specimen 
m the same materials 
id differences in the 
ients of expansion; a 
all as 0.5 X 10° in. 
F., such as can easily 
two types of steel, may 
rror of the true stress 
OU psi. after cooling 





heating and cooling 
assembly must be slow 
no significant tempera- 
es develop between the 
nd specimen. 
ratios of the cross-sec- 
of the specimen and 
should be properly adjusted 
rrangements are possible which 
ist chance of introducing 
litional variable due to the dif- 
rates of relief of the different 
in the two sections: (a) the 
f the specimen and yoke ap- 
ately equal, and (b) the area 
yoke many times larger than 
of the The latter 
ndition approaches the stress dis- 
ition in welds where high ten- 
stresses exist in and along weld, 
nced by comparatively low com- 
ion stresses outside weld zone. 


specimen. 


structure tests 
isted chiefly of strip specimens 
tically bent to a desired radius, 
wed, and subjected to a thermal 
e after which the remaining elas- 
bend, or “spring back,” was de- 
mined on unclamping. The max- 
m initial and final stresses were 
ilated from the following beam 


Other simulated 


kt ¥ Et 
S ae 
2(r'—r)/rXr 
§ and S' are the initial and 
t the thickness of the 
nd r and r’ the radii of the 
s bent and upon unclamping. 
type of test with modifying fea- 
s has been used by many investi- 


resses, 


‘his latter simulated structure test 
appear as simple as the 
method, but may be more 
nvenient in special cases. Similar 
ns have to be taken in the 
clamping materials to avoid 
iferences in the thermal coefficient 
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Fig. 2—Representative stress-time curves (Constant Gage Length Method). 


of expansion, and the thickness and 
radii of the strip have to be closely 
determined. The formulae for the 
calculation of the initial and final 
stresses assume that the stress distri- 
bution within the strip varies linear- 
ly from maximum tension at the 
outer fibres to maximum compres- 
sion at the inner fibres. 


Stress Relieving 

If the initial applied stress ex- 
ceeds the elastic limit, the calcula- 
tions are no longer valid; and, in 
any event, after stress relieving, the 
assumed condition is no longer pres- 
ent as the higher surface stresses are 
relieved more rapidly than the lower 
stresses in the center of the strip de- 
stroying the linear distribution as 
pointed out by Scott®°. 

Constant Gage Length Tests. As 
the structure and simulated structure 
tests require an extensive number of 
tests to investigate the effect of hold- 
ing time on the relief of residual 
stresses and involves a variable fac- 
tor in the heating and cooling rates, 
a third test method has been devel- 
oped. Briefly, this method of testing 
consists of loading a suitable tensile 
specimen to a desired stress (or ex- 
tension) at an elevated temperature 
and subsequently reducing the ap- 
plied load to maintain the gage 
length constant by reducing the elas- 
tic strain to compensate for the plas- 
tic extension due to creep. Two 
stress-time curves are shown in Fig. 2. 


This type of test was conducted 
by Mailander**-®* in 1931 in studies 





on two Cr-Ni steels and has since 
been used extensively in the study of 
the relaxation of stress in bolts®*** 

** and occasionally in the study of 


1,64 Detailed descrip- 


stress relief 
tions of the apparatus used in this 
test are given by Boyd®* and Nadai 
and Boyd**. A modified form of the 
test was used by Betty, MacQueen 
and Rolle® in the study of nickel 
alloy springs. 

The advantages of this method are 
evident; it offers close control over 
the applied stress and the residual 
stresses are simply and continuously 
determined with appropriate appa- 
ratus. Only a single test need be 
run at one temperature and stress 
level to determine the effect of time, 
whereas several tests of either the 
structure or simulated structure types 
would be required. Finally, the data 
are more readily interpreted quanti- 
tatively, as will be discussed later. 

The disadvantages are that in 
order to translate the applied and 
residual stresses at the elevated tem- 
perature to similar room tempera- 
ture conditions, the modulus of elas- 
ticity of the material at the testing 
temperature should be known; this 
property is difficult to determine at 
high temperatures. Secondly, changes 
in the density or specific volume of 
the material may introduce a con- 
siderable error in the results as re- 
lated to the stress relief of a struc- 
ture; a change of as little as 0.0002 
cm.* per gm. in the specific volume 
during the test will cause a change 
of about 6,000 psi. in the remnant 
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tress. Similarly, small changes in 
the modulus of elasticity will alte: 
the results. 
Changes in the properties of the 
steel during the test may have an 
effect on the relief of the stresses, 
and their determination may be nec- 
essary for complete interpretation of 
the data. 
gage length tests all relief occurs at 


Finally, in the constant 
the testing temperature while in 
actual stress relieving cycles a great 
portion of the relief occurs over a 
range of temperatures during heat- 
ing; to apply the constant gage 
length test data to the specification 
of thermal cycles it must be assumed 
that the temperature of relief on 
heating does not effect the rem- 
nant stress values as determined by 


this method. 


Data Compilation and Correlation 
Data on the effect of annealing on 
the residual stresses in steel are sur- 
prisingly meager; Figs. 3, 4 and 5 
represent a compilation of most of 
the existing data on thermal stress 
relief. The soaking times of 1, 4 and 
8 hr. were chosen because more data 
were available for holding 
times than for others. Data existing 
for other miscellaneous soaking pe- 
riods would have added little to 
this presentation; reference has been 


these 


made to these investigations previ- 
ously and they are noted in the 
bibliography. 

There is considerable scatter in 
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Fig. 4- Effect of stress relieving for 4 hr. 


the plotted data. Most of this can 
be accounted for by variations in 
the heating and cooling rates among 
different investigators, discrepancies 
between actual and recorded temper- 


atures and times at temperature, 


errors in strain measurements and 
stress calculations, etc. 

As the plotted data include the 
results of many different types of 
steel varying in alloy composition 
and strength, part of the variation 
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Fig. 3—Effect of stress relieving for 1 hr. 


may be due to differences in 
steels, as well as to the differen: 
types of stress measurements 
methods of investigation. However 
analysis has indicated that both th 
mild steel and the alloy steel data 
are distributed approximateiy equal- 
ly between the extreme values oj 
the data. All the values fall withi: 
a range of + 15 per cent maximu 
to + 5 per cent at the higher stress 
relieving temperatures and _longe: 
holding times. 

Both the meagerness and the scat- 
ter of the available data prevent th 
establishment of any reliable conclu- 
sions on the effect of alloy content 
on the thermal relief of residual 
stresses in steel at the present tim 
The need for additional accurat: 
data obtained under controlled anc 
reproducible conditions is apparent 
For these reasons it is believed that 
at the present time, the most uselu 
summation of the data is a plot o! 
the mean paths of the data of Figs 
3, 4, and 5 as shown in Fig. 6. 0: 
the basis of the present knowledge 
this figure represents an approximat' 
working basis for the specificatio! 
of thermal stress relieving cycles lo! 
most structural ferrous mate! 

Different materials may beha\ 
somewhat differently, but ‘a king 
specific information on the steel ane 
structure under considerati Fig 
6 can be used as a guide with a 
surance of its accuracy within th 
limits cited previously. Mos: of the 
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Certain amplification is, however, 
In Fig. 6 the effect of 
time of stress relieving is evident; 

; varies somewhat with tempera- 


equivalent to increasing the tempera- 
annealing 
F. this same 
s equivalent to raising the tempera- 
ture to 1200° F. Further increasing 
of hold from 4 to 8 hr. is 
ughly equivalent to raising maxi- 
um temperature of cycle 20° F. 

[he total effect of increasing the 
time of hold from one to eight hr. 
r the temperature 55° to 70° F. is 
the stresses an additional 
} per cent at 900° F. and 5.5 per 
nt at 1150° F., a relatively small 
‘actor when it is considered that the 
total reduction in the residual stresses 
temperatures is 65 per cent 
per cent, respectively. The 
effect of increasing the time 
ling decreases with increas- 
peratures, 
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FIGURE 5 
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nted were secured on are not the same. If two structures 
iaxially stressed parts or speci- built of materials of 30,000 to 60,000 
service structures the in- psi. yield strengths with internal 
ernal stresses are generally multi- stresses approximating these values, 
xial. The effects of this condition are stress relieved to eliminate 50 
n the relief of stresses have not been per cent of the stress (825° F. for 


4 hr.), it is obvious that the first 
will have a maximum remnant resid- 
ual stress of 15,000 psi. and the lat- 
ter 30,000 psi., equal to the maxi- 
mum initial stress of the former. 


F. increasing the soak- To illustrate this condition more 


from one to four hours is 
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effectively, Fig. 8 has been prepared 
from the data of Fig. 4, plotting the 
maximum residual stress values as a 
function of stress relieving tempera- 
ture (4-hr. hold) for three different 
classes of steel having yield strengths 
of 30,000, 50,000 and 70,000 psi. and 
initial residual stresses approximate- 
ly equal to these values. If, for ex- 
ample, it is desired to reduce the 
maximum residual 10,000 
psi., it would be necessary to treat 
the 70,000 psi. yield strength steel 
at 1070° F., the 50,000 psi. yield 
strength steel at 1020° F., and the 
30,000 psi. yield strength steel at 
only 920° F. 


Reduce Residual Stress 

The difference of 150° F. in the 
maximum stress relieving tempera- 
ture is worth considering. This ef- 
fect has also been considered as a 
function of soaking time in Fig. 7- 
to reduce the residual stress in 
50,000 psi. yield strength steel to 
10,000 psi. maximum, eight hours 
are required at 990°F., four hr. at 
1020° F., and only one hr. at 
1055° F. Similar calculations can be 
made for other desired stress condi- 
tions and steels from Fig. 6 data. 

It must be recalled that the fore- 
going data and discussion have re- 
ferred only to residual stresses which 
were initially approximately equal 
to the yield strengths of the mate- 
rial. In welded structures, quenched 


stress to 
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sion heretofore has been ioo L 7 i 1 ree B 
onf to the percentage relief of eco 700 ase ose aed 
tresses and not to actual stress — 
values; it is apparent that the two Fig. 6—Effect of temperature and time on the relief of residual stresses, 
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Fig. 7—-Effect of stress relieving temperature and time on the residual stress 
of a 50,000 psi. yield strength steel. 


parts, structures quenched or rapidly cycle, limited, of course, by the yal- 
cooled from the tempering tempera- ues which can be calculated from 
ture, and some “as cast” structures Fig. 6. 

generally approach this condition. In the usual stress relieving range 
This is readily apparent when it is of 1000° F.—1200° F. in the illus- 
realized that a temperature dif- trated example (Fig. 10), though 
ferential within a structure of only 
200° F., established at a sufficiently 


the initial stress differe; 
psi. the final stress dj 
only 1,500 psi. In gene: 
the stress relieving tem 
the longer the soaking 
be the effect of initia! 
on the final stresses. 

The relief of interna 
thermal treatment can by i 
due to the transformation of elast 
strain (stress) to plastic strain. Th; 
is accomplished by the combined a¢. 
tion of reducing the yield (foy 
strength of the material on heating 
to an elevated temperature aad 
creep. These two actions, though re. 
lated, can be most convenient) 
considered as two distinct factor: 
Except under conditions of cop. 
straint or suitably combined stresse; 
a material will not support stresses 
either external or internal, in exces 
of its yield strength (as measured jn 
plastically. 

On heating, the yield strengths of 
most materials are lowered appreci- 
ably as shown in Fig. 11, and as a 
result the internal stresses are low. 
ered due to the decrease in th 
elastic strain. Also, as is generally 
known, metals at elevated tempera- 
tures (some even at room tempera- 
ture) flow plastically under stresses 
which are considerably less than 
their yield strengths—this behavior 
is known as creep. In stress relieving 
this occurs in a somewhat different 





high temperature so as to be initially % 
stress-free, will cause a final residual /* 
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stress at room temperature of about = < - 
45,000 psi. 
st , 70,000 PS! YIELD STRENGTH 
There are, however, many in- ste. ———_> 
stances when the residual stresses erent Seay | 
are less than the yield strengths of | 
the steels. Unfortunately, insuffi- | = 
cient data are available to present $0,000 PSI YIELO STRENGTH 
a quantitative analysis of the effect erent — 
of initial stress level, but its effects 
are illustrated in Figs. 9 and 10, de- 
rived from the data of Mailander™. 
Two stress levels, 30,000 psi. and 
50,000 psi., for a Ni-Cr steel are rep- 
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resented. Fig. 9 shows that the per- 
centage relief of stresses is greater 
in the specimens with the higher 











initial stress, and Fig. 10 that the 
actual remnant stress values are also 





























higher. It can be qualitatively ex- 
pressed that the higher the initial $00 700 
stress the greater the percentage re- 
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lief, and the higher the residual ig. 8—Effect of stress relieving for 4 hr. on the residual stresses of and 
stress values after any given thermal high strength steels. 
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rmined in the creep 
| strain, not the load, 
essentially constant 
in a continual reduc- 

jue to the plastic flow 

The phenomena of 
creasing stress has been 
xation.” It occurs on 

nto the creep range 

500° F. in most steels) 

r at temperature and 
ng from the annealing 





The :mount of stress reduction 
h s due to relaxation in a 
e depends upon their rate 
| maximum temperature, 
holding time, and the rate of 
[he higher the temperature 
d nger the time spent in 
ting and cooling and at tempera- 
we the greater is the relative ef- 
fect of the relaxation. As tempera- 
ture is one of the chief determining 
ors of the rate of relaxation, the 
of cooling from the annealing 
temperature will have only a small 
fect on the relief of the stresses as 
e stresses have been reduced to such 
point by heating to and soaking 
t temperature that further relaxa- 
tion can only take place to a very 
mited extent. 
If the structure is held at the an- 












nealing temperature for any reason- 
able length of time, the rate of heat- 
ing becomes relatively unimportant 
as the stress reduction due to relaxa- 
tion which occurs in any normal 
heating-up period would also occur 
in a few minutes while holding at 
the maximum temperature. The ef- 
fect of holding at temperature can 
be most readily discussed with ref- 
erence to Fig. 2. The relaxation of 
the stresses is initially quite rapid 
but the rate decreases rapidly as the 
stress is reduced, and after a rela- 
tively short period of time further 
reduction is limited. In Fig. 2, the 
12,000 psi. initial stress has been re- 
duced to about 5,000 psi. in 2 hours; 
holding an additional 10 hours at 
temperature will reduce the stress 
only another 1,500 psi., a negligible 
amount considering the time factor 
involved. 

At higher temperatures the relaxa- 
tion curves are steeper and the lev- 
eling off occurs in a shorter time. 
For example, at 1200° F. one hour 
accomplishes most of the relief, and 
at 1380° F. 15 to 20 minutes is 
ample. 

The effect of holding time on the 
relief of stresses can be quantitative- 
ly analyzed from relaxation data. 
Rominski and Taylor™ suggested 
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that the rate of relief could be ex- 
pressed as a function time such that 









dS 
mt" 
dt 
which when integrated gave 
t 
Ss A) log - 





; 






dS . : ——" 
where — is the rate of relief, § the 
dt 


stress, ¢ the time and m, So, to ap- 






propriate constants. This analysis 





appears approximately to represent 





the data but extrapolation of the 






stress-time formula to zero time (the 





beginning of the test) shows that the 





initial stress would be infinitely large 





and in the other direction that the 





internal stress is eventually complete- 





ly effaced; an impossibility as indi- 





.52, 56, 58, 61 


cated by other investigators’ 
There appears to be no physical 







basis for considering the rate of re- 





laxation as a function of time as the 





properties of the material remain 






substantially the same throughout 
the test. The fact that the relaxation 
tests of Rominski and Taylor™ at 
the higher temperatures completely 
relieved the applied stress can be 









accounted for by the insensitivity of 
the apparatus. 






It appears more feasible that the 
rate of relief would be a function of 
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Schematic representation of the effect 
of temperature on the tensile properties of steel. 








THE RATE OF RELIEF as 
FUNCTION STRESS LEVEL 
AND INITIAL STRESS 

FIGURE 12 
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STEEL 1025 CAST 


DERIVED FROM DATA OF 
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Fig. 12 (right)—Rate of relief as function stress level 


and initial stress. 


the applied stress. The stress-time 
curves of Fig. 2 are replotted in Fig. 
12, where the log of the rate of relief 
is plotted vs. the log of the stress. It 
will be noted that the best repre- 
sentation of the data is a straight 
line. This line can be represented 
by the equation 

=. = KS (1) 

dt 


where is the rate of relief at 


dt 

stress, § the stress, and K and n are 
constants, n being the slope of the 
line. The remainder of the data of 
Rominski and Taylor®™ can be inter- 
preted by this formula as can the 
data of other investigators** ** °. 
Bailey®®*, Robinson®’ and others in 
the study of the behavior of bolts 
similarly developed this rate-stress 
relationship. 

Integration of this relationship 
gives the stress as a function of time 

1 

§ =[(n—1) Kt + $7] (2) 
where § is the stress at time ¢ and §; 
is the initial stress, K and n being 
the same constants as before. In- 
sufficient data of the proper nature 
are available at the present time to 
evaluate completely the effects of 
time and steel composition and 
treatment on the constants of the 
equation, but if and when such data 


LOG 


does become available the stress re- 
lief behavior of various steels can be 
readily compared by a consideration 
of these constants. Analyses of the 
data of Mailander®* and Rominski 
and Taylor®*, however, indicate that 
n, the principal shape factor of the 
stress-time curves, decreases rapidly 
with increasing temperature. 

Another effect of heating on the 
elastic properties of metals which 
effects the relief of stresses is also 
illustrated in Fig. 11; i.e., the modu- 
lus of elasticity decreases with tem- 
perature. The effect of this is to de- 
crease the stresses existing at the ele- 
vated temperature even if no plastic 
deformation has occurred. For ex- 
ample, if the elastic modulus is de- 
creased 50 per cent, the internal 
stresses also would be reduced 50 per 
cent as the strain remains constant. 
Unfortunately, this effect is reversi- 
ble, and if no plastic flow occurs due 
to other considerations the stresses 
will return to their original values 
on cooling the structure or specimen 
to room temperature. 

In interpreting stresses applied or 
existing at an elevated temperature, 
as in the constant gage length tests, 
it is necessary to multiply them by 


E 

a factor ne where E, and E, are 
E, 

the elastic moduli at room and ele- 


STRESS ( PSI.) 


vated temperatures respectively™ in 
order to obtain the corresponding 
stresses which would exist at room 
temperature under similar strain con. 
ditions. Determinations of 
moduli at elevated temperatures 
above 900° F., are difficult and ar 
not reliable unless obtained dynami- 
cally. 

The size or thickness of the struc- 
ture does not affect, as is occasion- 
ally inferred, the relief of residual 
stress. The only consideration as ti 
soaking time that need be given to 
size is to insure that all portions are 
heated to the desired elevated tem- 
perature. With large sections the 
soaking time to insure temperatur 
uniformity is naturally greater, but 
once the structure is at temperaturé 
its size need not be considered a: 
affecting the relief of stresses. 


elastic 


Application of Data—Principles 

The most common thermal treat- 
ment to accomplish the relief of in- 
ternal stresses® is to heat the struc- 
ture uniformly to 1100°-1200° F., to 
hold at temperature one hr. per in 
of thickness of the heaviest section, 
and subsequently to cool slowly in 
the furnace. Reference to Fig. 6 in- 
dicates that anywhere from 85 to 9% 
per cent of the interna! 
should be removed by this treatment. 


stresses 














. S. A. HeRREs 


vi 





been found to be ade- 
applications, and in 

have been more than 

| in the previous sec- 
four variables in the 
cycle: Heating rate, 

perature, time of hold, 
ate; and three variables 

ire material and prior 

ction size, and residual 

The heating and cool- 

rat not significantly affect 
sidual stresses but must 

1 because of other con- 


Heating Rate 


With plicated and heavy struc- 
the rate of heating must be 
ugh to prevent cracking and 
desirable distortion due to non- 
orm expansion of the structure. 


the rate of cooling from 
ling temperature should be 


ough to prevent the establish- 
of new harmful residual 

ses. The size of the structure 
loes not affect the relief of stresses 
nust be considered in establish- 
heating and cooling rates and 


lding times to insure temperature 
niformity throughout the structure 
t the annealing temperature and to 


revent any harmful thermal gradi- 


Therefore, for a given structure 
material and stress pattern) the re- 
of the internal stresses depends 
rincipally upon the maximum tem- 
perature and the time at tempera- 
ture. The effect of time and tem- 
perature on a highly stressed struc- 
ture may be evaluated approximate- 
y from the data summary of Fig. 6 
[he present available data do not 
ndicate any significant or consistent 
ferences in the percentage relief 
stresses with different steel com- 
sitions and types (additional accu- 
rate data are necessary). However, 
is discussed previously, the maxi- 
mum remnant stresses increase with 
the strength of the steel. 
The relief of internal stresses is in 
many instances not the only effect of 
nnealing at elevated temperatures. 
Softening’® and tempering or pre- 
pitation hardening may occur de- 
ending upon the material, anneal- 
ing temperature, and time. In weld- 
hardened heat-affected zone which 
may have developed in welding and 
may partially release any absorbed 


nents annealing will also soften any 





vases These and other effec ts, 
though they may slightly alter the 
stress relieving characteristics of the 
material, should not be considered 
as the predominant factor in the de- 
termination of the stress relief cycle 
Nevertheless, a compromise may 
often be necessary to secure the opti- 
mum physical properties and maxi- 
mum stress relief. 

A commercial copper bearing pre- 
cipitation hardening steel offers an 
excellent illustrative example"; to 
obtain the maximum strength a 3-hr. 
treatment at 900° F. is required and 
only one hour at 1050° F. Figure 6 
indicates that 19 per cent greater 
stress relief could be achieved by the 
latter treatment with only slight re- 
duction in the maximum strength. 
Similarly, the effect of temperature 
and time on the properties of othe: 
materials must be considered in spe- 
cifying stress relieving treatments. 

The elimination of residual stresses 
is desired for three principal reasons: 

1) Machining or service stability; 

2) improvement in static strength; 
and (3) improvement in resistance 
to shock restraint, progressive, and 
When 


stress relief annealing is conducted 


other ‘“‘non-static” failures. 


to secure machining stability, the 
amount of relief necessary obviously 
depends upon the degree of stability 
desired. 
Machining Stability 

The machining tolerances and the 
clearance tolerances for operation in 
service, the magnitude and distribu- 
tion of the residual stresses in rela- 
tion to the sequence and amount of 
machining to be conducted, the ge- 
ometry of the structure and other 
miscellaneous factors affect the de 
gree of stability required, and the 
proper minimum thermal stress re- 
lief treatment will therefore depend 
upon the individual application. 

The minimum thermal treatment 
necessary to secure adequate ma- 
chining stability for the particular 
application can be approximated in 
several ways. One of the more direct 
ways would be to machine the “as 
stressed” structure to determine the 
amount of undesirable ‘walkout,’ 
estimate the required reduction in 
“walkout” to meet the machining 
tolerances or other requirements, and 
finally, select from Fig. 6 an approx- 
imate thermal cycle to give the de- 
sired relief. If thermal stress reliev- 
ing is already being performed, the 










evcrity ot the thermal cycie can in 
some cases be reduced: the amount 
of existing “walkout,” the required 


tability, and the relief data of Fig 
8) permut a determination of a more 
favorabl reduced cvcle 


Even if machining stability is ob- 


tained the influence of residual 
stresses on service instability must 
still be considered for certain appli- 
atuions where the service is such that 


1 combination of service loading and 
residual stresses may produce dimen- 
sional changes which interfere with 
proper functioning of the structurs 
For such applications a degree of 
thermal stress re'ief greater than that 
need d for mach.ning stability alone 


is required 


Static Strength 

The effect of residual stresses ca 
the static strength of the structure 
are somewhat conjectural. It is true 
that the proportional limit of the 
structure is lowered considerably by 
their presence, but this has little re- 
lation to the usual design figure of 
yield strength at 0.1 per cent offset 
which is generally not appreciably 
affected'"®. 
high internal stress in welded and 


Further, the region of 


other structures in most cases repre- 
sents only a small portion of the sup- 
porting dimension; therefore the im- 
provement to result from stress re- 
lief annealing in this respect is at 
best small 

If improvement is sought by stress 
relief annealing in the resistance to 
shock, restraint, progressive, or other 
types of failure accompanied by a 
brittle fracture, consideration must 
be given to the direction, distribu 
tion, and magnitude of the residual 
tress existing in relation to the 
stresses that are to be imposed dur- 
ing service and the ability of th 
material to withstand these condi 
tions. Residual stresses can be both 
favorable (as evidenced by peening 
f parts subject to fatigue stresses 
and the cold working of gun tubes 
and unfavorable to failures of this 
type depending upon these condi 
tions. 

Without proper consideration 
stress relicf annealing may actually 
make the structure more prone to 
failure. Discussion of stress relieving 
for improvement in these cases in 
the light of present knowledge of 
their mechanism would be hypotheti- 
cal. However, again it should be 
emphasized that each application 
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represents a special case in itself 
and that no are generally 
applicable. 

The reason for the desire to mini- 
mize stress relief annealing treat- 
ments is entirely economical. Aside 
from the obvious savings in time 
and fuel, a more important consid- 
eration is arising in the development 
and use of high strength structural 
steels with yield strengths of 70,000 
psi. and above. 

With the general practice of stress 
relieving in the range of !100° to 
1206° F. these high strengths can be 
secured only by the use of higher 
carbon and/or alloy additions and 
consequent greater fabrication difh- 
culties, regardless of whether “hot 
rolled” or heat treated steels are 
used. Reconsideration of stress re- 
lief annealing practice may indicate 
that in certain applications tempera- 
tures and times of annealing cycles 
can be substantially reduced result- 
ing in higher strengths with smaller 
alloy additions provided that the an- 
nealing temperatures are not exces- 
sive for the particular application. 


rules 


Summary 

Three basic methods have been 
utilized for various investigators for 
determination of the effects of stress 
relief annealing: (1) Determination 
of the residual stresses or movement 
upon machining an actual part or 
structure before and after annealing; 
(2) determination of the remnant 
elastic extension or bend after an- 
nealing suitable specimens prestressed 
in a jig, such a bolt fixture, or a 
strip specimen bent to a predeter- 
mined radius; (3) determination of 
a stress-time curve by loading a ten- 
sile specimen at an elevated temper- 
ature and reducing the load to main- 
tain the gage length constant at the 
initial extension. 

Certain differences exist among 
the data obtained by the three 
methods, but properly interpreted 
the results are comparable. The 
choice of the method to use will 
depend principally on the exact in- 
formation desired, but the second 
method appears to be the simplest 
to control and operate and yields 
the most readily interpretable data. 

The relief of stresses during an- 
nealing is due to the combined action 
of the reduction in yield strength of 
the material on heating to elevated 
temperatures and creep under de- 
creasing stress. This latter effect de- 
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creases at temperature with decreas- 
ing stress level (Fig. 12) as expressed 


approximately by the relation: 


dS a 
am os KS", 
dt 
dS 
where - 
dt 
the stress level, and K and n are 
constants depending upon the mate- 
rial, temperature, and other defin- 


is the rate of relief, § is 


ing conditions. 

Analysis of the available stress re- 
lief data (Figs. 3-5) indicates that 
at the present time (i.e., within ac- 
curacy of present test methods) the 
percentage relief of residual stresses, 
brought about by stress relieving in 
the temperature range of 750° to 
1300° F., appears independent of 
steel type, composition, or yield 
strength. However, the higher the 
original residual stresses the higher 
will be the remnant stresses after a 
given thermal stress relief treatment. 

In specifying thermal stress relief 
treatments, it should be recognized 
that the requirements of various in- 
dividual applications will differ 
widely, as to required degree of ma- 
chining stability and allowable resid- 
ual stress. 

Other effects of thermal stress re- 
lieving treatments, such as temper- 
ing, precipitation hardening, soften- 
ing of a weld heat-affected zone, re- 
lease of absorbed gases, and others, 
should be considered independent of 
the relief of residual stresses, though 


a compromise may sometimes be 
necessary between optimum physical 
properties and maximum relief of 


stresses. 
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CONVENTIONAL APPRENTICESHIP 


The author describes the several indentured 


apprenticeships offered at his plant. 


The 


paper covers apprentice standards, qualifica- 
tions, selection and classification of apprentices. 





Carl F. Haertel 
Asst. Foundry Supt. 
Falk Corp. 
Milwaukee, Wisc. 


CONVENTIONAL APPRENTICESHIP is 
a long range training program de- 
signed to groom the applicant thor- 
oughly in the fundamentals of the 
trade or craft chosen as his life’s 
work. Apprenticeship as old timers 
remember it differed from the pres- 
ent training program. 

In olden times, so we are told, the 
head of the family determined the 
line of work his off-spring was to 
follow. Elementary education was 
all the youngster could expect, and 
that usually terminated at the age 
of twelve, and would generally carry 
the young man through the fifth or 
sixth grade. 

If he was an exceptional student 
he might complete the seventh 
grade. Anything beyond that was 
considered higher education and not 
essential in a learner. So, when the 
young man reached the age of twelve 
he began to follow in his father’s 
footsteps in mastering a trade. 


Fundamentals Mastered 

Fundamentals of the trade were 
mastered though it was a long and 
painful process with minimum of 
pay. We wonder sometimes how 
anyone was persuaded in the olden 
days to learn a trade. Nevertheless, 
a number of competent mechanics 
were developed and they have prob- 

Presented at an Apprentice Training 
Session during the Fiftieth Anniversary 
Convention of the American Foundry- 
men’s Association at Cleveland, May 9, 
1946. 


ably formed the backbone of the 
various industries in the shop. Many 
top-notch supervisors, inspectors, 
etc., have come up through the 
ranks the hard way, nevertheless, 
they have the advantage of know- 
ing what they are talking about. We 
have all had contact with these men 
and have learned to rely on their 
judgment. 

A molder, for instance, is a better 
all-around mechanic if he has had 
actual experience in core making, 
pattern making, melting and other 
necessary operations in the foundry, 
regulating of course, the number of 
hours allotted to each according to 
the type of training taken. In ad- 
dition to this, a number of com- 
munities have elaborate educational 
facilities to supplement the shop 
work. These are Vocational Schools, 
Trade Schools and the like, which 
are an asset in training of young 
people. 

Training Programs 

The training programs at the 
author’s plant are separated into the 
following divisions: Apprenticeship, 
Graduate Engineers, Shop Training, 
Co-operative Training, and Educa- 
tion. 

Apprenticeship. The author’s 
plant offers indentures in the follow- 
ing apprenticeships: Welding, Core 
Making, Steel Molding, Electrical 
Maintenance, Mechanical Drafting, 
Pattern Making, and Machinist. 
Each of these apprenticeships have 
two classifications depending upon 
the previous schooling and experi- 
ence of the apprentice. Also each 
classification has its individual wage 
rate. We realize, however, that these 


wage rates wil! have to be , 
mined by the prevailing rate in th 
industry of the various cor 
Graduate Engineers. Tw 

programs are offered 
graduates in Machine S| 
Foundry, and Engineering Depart. 
Duration of this prog: 


universit 


ments. 
may vary with the conditions 
background of the trainee 

Shop Training. Numerous 
of programs are offered in S| 
Training, including Machine W 
Drafting, Inspection, Foundry Work 
Welding, Tool Room, Blue Print 
Reading, and Precision Instrument 
Reading. These programs are 
up to meet a specific need and t 
train men that show ability, but for 
definite reasons cannot be apprer- 
ticed. 

Co-operative Training 

Co-operative Training. The 
author’s plant maintains a Co-op- 
erative Training Program with th 
College of Engineering at Marquett: 
University. Training for these m 
includes time in all the | 
partments of the Plant, with a view 
to giving a broad background 
methods and policies, rather thar 
any great degree of manual skill 
Most of these trainees are absorbed 
into the organization upon gradu- 
ation and are given an informal a¢- 
ditional training in whatever spe 
cialty they may be placed 

Education. Educational facilites 
in the author’s plant in Milwauk 
are excellent both in day and ev' 
ning courses and this additional sup- 
plementary training is encourage 
by the company. ; 

Apprentice standards. (Qualifice- 
tion. Age. The applicant shall have 











birthday and a birth 





accompany his ap- 






\ high school gradu- 
red and required on 
ompany’s apprentice- 







\ ial transcript of school 
wing the applicant’s 
ourses satisfactorily 
him must be secured 








iny. 





quirements. The ap- 
e required to meet the 
dards of the company, 
be determined through 
mination by a company 










he applicant may be re- 
ss mechanical aptitude 
nistered by the Training 










y and Classification. Se- 
Final selection of the appli- 
t shall be the responsibility of the 







ining Division. 





Classification. The apprentice 
be classified according to trade 
civen an intermediate or regu- 


according to his 






classification 





| qualifications. 
Rat It is not a company policy 






ad the number of apprentices 
ny trade classification. The au- 
r will outline the Regular Steel 
Molding Apprenticeship in his 
indry. Inasmuch as we are pri- 
arily a jobbing foundry we have 
rafted the following program. 
Extent of Apprenticeship. The 
prenticeship shall consist of eight 
riods of 1040 hours each or a total 
20 hours or approximately four 


















years. The first 520 hours shall con- 
stitute the probationary period, but 
in no case shall this period extend 
beyond four months. 

School Attendance. School at- 
tendance shall be eight hours per 
week until 576 hours of school at- 
tendance shall have been completed. 
School attendance shall be counted 
as part of the hours of labor. 


Se hedule of Proce sses to be W orked: 


Assignment Hours 
Helping Molder 350 
Machine Molding 350 
Bench Molding 550 
Large Cores 600 
Small Cores 400 
Green Sand Molding 2000 
Sweep Molding 850 
Dry Sand Molding 2300 
Chipping Room 350 
Heat Training |} 

Furnace } 
Laboratory 570 
Pattern Work 
Special Work } 
Total 8320 


The wage scale is graduated for an 
increase after every period of the 
program and upon satisfactory com- 
pletion of the training course a 
bonus of $100.00 is paid by the com- 
pany. The graduate then after a 
consultation selects some division of 
the foundry he prefers and if there 
are no hinderances or objections he 
is ready to start as a journeyman 
molder. 

This is the training program we 
consider ideal for conditions at our 
plant. Variations of the above are 
necessary to meet changing situations 
as they may arise due to either the 
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pressure of work or the man power 
problem. 


DISCUSSION 


Chairman: F. C. Cecnu, Cleveland 
Trade School, Cleveland. 

Co-Chairman: W. J. Hesarp, Con- 
tinental Foundry and Machine Co., East 
Chicago, Ind. 

C. J. Freuno’: Appren- 
tice training such as the old-fashioned 3 


Summary) 


or 4-year foundry apprenticeship which 
has survived through the years and con- 
tinues to flourish in spite of development 
and inauguration of other special train- 
ing programs is bound to be good 

It is desirable for all foundries to in- 
troduce and operate at least some limited 
development of the old-fashioned foundry 
apprenticeship. The conventional ap- 
prenticeship is probably the only type of 
plant training which will produce the 
type of workman, mechanic, or crafts- 
man who has ability with all-around 
general broad competence. 

The automobile industry is not a job- 
bing type industry, but a production in- 
dustry. It is one of a number of im- 
portant American production industries 
Some ten years ago a top automobile in- 
dustry official remarked that his par- 
ticular corporation depended almost ex- 
clusively on two types of men for top 
manufacturing or key jobs 

The first type is the old-fashioned 
trained machinist, or apprenticeship 
graduate, the kind of man who migrates 
from New England, Cincinnati, Philadel- 
phia, or some old established machine- 
building community, where they have 
long had a regular machinist apprentice- 
ship. The other type is almost invariably 
the railroad man. 
cases had formal apprentice training. 

So there you have a big production 
industry with thousands of men doing 
repetitive work, but nevertheless, the men 
in charge are men who have come 
through the old-fashioned procedure 


They, too, in many 
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MICROPOROSITY IS A DEFECT 
which is by no means confined only 
to magnesium-base casting alloys. 
Because the principal uses of magne- 
sium castings have been for aircraft, 
the quality standard has been high 
and the defect known as micro- 
porosity has received much _ public 
attention. As a result of this pub- 
licity, many users of castings have 
been led to believe that micro- 
porosity is a defect peculiar to 
magnesium alloys. 

As a matter of fact, some alumi- 
num-base alloys and many copper- 
base alloys are subject to this defect. 
All of these alloys, regardless of the 
base metal, have certain characteris- 
tics in common which make them 
subject to microporosity. These gen- 
eral characteristics, the factors in- 
volved, and the mechanism of the 
formation of microporosity have 
been described.’ However, it will be 
well to review this phase of the prob- 
lem before presenting the results of 
the investigation described herein. 

Microporosity Formation Mecha- 
nism. The general factors involved 
are shown by Fig. 1, which repre- 
sents any given section in a casting, 
vertical, horizontal, or inclined, fed 
by a riser, and chilled to promote 
directional solidification. Although 
the section shown by Fig. 1 is verti- 
cal, the principles are the same re- 
gardless of the shape or position of 
the section in the casting. 

When the metal is poured through 


the sprue and ingate (Fig. 1), the 
metal gradually rises in the mold 
cavity. At the instant the mold cavity 
is filled, the hottest metal and hottest 
portion of the mold cavity are at 
the bottom adjacent to the gate, 
while the coldest metal and coldest 
part of the mold cavity are at the 
top of the riser. This temperature 
gradient is the reverse of that which 
is desired. 


mm LiQUIOUS TEM + 


It is necessary to make this par- 
ticular section solidify from the bot- 
tom toward the riser. To accomplish 
this it is necessary to reverse the 
temperature gradient which, in this 
particular instance, is effected by the Dia, 2th atindine lormation 
use of a riser at the top and a chill 
at the bottom. The temperature 
gradients are thus reversed, and the 
casting begins to freeze adjacent to which the mushy zone contains suc! 
the chill, solidification proceeding small liquid channels that it is im- 
upward toward the riser. possible for the liquid metal to feed 

At any particular time during the through them and entirely compen- 
process of solidification of the cast- sate for the solidification shrinkag 
ing, the section will be solid at all of the alloy. 
temperatures below the solidus tem- 
perature, t, (Fig. 1). Likewise, the 
section will be entirely liquid above All other factors the same, the 
the liquidus temperature tr. greater the length of the zone lying 
between the temperatures t, and t., 














a mushy zone during solidification 


Crystallization Range 


Between these two temperatures, » ame 
the section will be partially solid, the greater the amount of micro- 
and this portion of the metal is porosity which will be formed; = 
referred to as the “mushy zone.” The _ the greater the temperature interva 
liquid content grades from 100 per between t, and t,, the greater the 
cent at ty, to zero per cent at t,. The total liquid contraction. 
greater the length of this mushy If gas is precipitated from the 
zone, the _—— the difficulties of melt during solidification, it fills the 
compensating for the solidification voids and greatly hinders the flow 
shrinkage. of melt into these small cavities. If 

Hence, there may be some tem- the gas content of the melt were nil, 
perature such as t, (Fig. 1), below the vapor pressure in the small cavi- 


a ‘ ; 7 i he vapor 
This paper was presented and dis- ties would be equivalent -” iid 
cussed at an Aluminum and Magnesium pressure of the metal whi woun, 
— of ae — ee of course, be very low. | smal 
American Foundrymen’s Association, a ‘ ‘ally 

: voids would then be essentially 


Cleveland, May 6, 1946. 
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iired to feed the voids resulting 
solidification shrinkage. 
[he principal function of the riser 
a heat reservoir which will 
tablish temperature gradients in- 
easing toward it. This problem 
providing adequate temperature 
radients toward the risers involves 
entire one of proper gating, riser- 
ind chilling the casting to pro- 
sound metal. 

















Experimental Work 
lt is thus evident that the prin- 
| factors which determine the 
of microporosity in a 
sting are (1) the alloy composi- 

2) the gas content of the melt, 

the steepness of the tem- 
erature gradient toward the feed 
reservoirs. The interrelation of these 
hree tors to the occurrence of 


osity will now be _ con- 






urrence 











nvestigation of the effect of 


pness of the temperature 


d atmospheric pres- 
to force the liquid 


therefore, that the 
content of the melt, 
tendency to form 

If the gas content of 
rv high, some of the 
ipitated early in the 
dification and macro- 
formed, such as the 
aluminum 
se alloys and the larger 
duced in magnesium 


ogical that the length 
zone, all other factors 
be more pronounced 
the solidification range 
lower the 
liquid formed. 
type 
hich have little or no eutec- 
iid solidifying at the end and 
rally solidify over a con- 

ible range in temperature, are 
most prone to the formation of 


the occurrence of micro- 
depend to a consider- 
amount of 


nushy zone will be shorter 


tal is provided in the riser than is 


gradients has been limited to the 
determination of the effect of section 
thickness and of riser size on hori- 
zontally cast plates gated and risered 
on one end. Investigation of the 
effect of alloy composition has been 
restricted to a comparison of the 
four most common American and 
European casting alloys.5 These 
alloys have the nominal composition 
shown in Table 1. 

The gas content of the melts has 
been investigated over a range which 
might normally be expected to occur 
under commercial practice. None of 
the melts contained sufficient gas to 
cause the risers to rise, forming a 
convex surface, or to form micro- 
scopic voids in the casting. However, 
gas content was encountered which 
was sufficient to accentuate greatly 
the microporosity, and which did 
produce unsound metal over the en- 
tire vertical length of a wedge cast- 
ing used to measure the gas content 
of the melt. Use of the wedge cast- 
ing, illustrated by Fig. 2, has been 
described elsewhere.” In general, the 
lower the gas content of the melt 
the greater the 
metal in this wedge. 

If the gas content of the melt is 
relatively high, microporosity will 
occur from the bottom to the top of 


height of sound 


this casting. As the gas content is 
decreased, the height of sound metal 
measured from the bottom of the 
wedge will increase until a maxi- 
mum of about 3'4-in. of sound metal 
is obtained with best quality melts. 

The height of sound metal is de- 









Table 1 


NOMINAL COMPOSITION OF THI 
ALLOYS INVESTIGATED 


Cc mponents, per cent 
illoy 4/ Zr Min 
A-8 8.0 0.4 0.2 
AZ-91 9.4 0.4 0.2 
ASTM-AZ63* 6.0 0 0.2 
ASTM-AZ92** 9.0 2.0 0.2 


*Formerly designated ASTM-4 
**Formerly designated ASTM-17 


termined by cutting a vertical 3-in. 
section from the center of the wedge 
casting, facing it off, and x-raying 
the resulting section to show the 
eccurrence of microporosity. Under 
these conditions, the x-ray is very 
sensitive and very small amounts of 
microporosity are revealed. 

Relationship of Alloy Composition, 
Gas Content of Melt, and Section 
Thickness to Occurrence of Micro- 
porosity. One melt of each of the 
four alloys was prepared with a rela- 
tively high gas content by stirring 
unfused No. 310 flux into the melt. 
Four heats of ASTM-AZ63 and A-8, 
three heats of AZ-91, and five heats 
of ASTM-AZ92 were prepared and 
degassed by chlorine fluxing 

Grain refinement was obtained by 
methods, 
heating and carbon inoculation with 


various including super- 


natural gas, and by the inclusion of 


carbon tetrachloride vapor in the 


chlorine, as described elsewhere.* ‘ 


A typical synthetic sand was used 
with ethylene glycol, boric acid, and 
sulphur as the inhibitors. 

In addition to the wedge casting 


Fig. 2—Views of the wedge casting used in the investigation. 
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(Fig. 2), various plate castings 6 in. 
wide and 10 in. long of various 
thicknesses were cast horizontally. 
Plate thicknesses were 3/16, 3%, VY, 
34, 1, and 1% in., and all were gated 
on one end with the riser placed at 
the gate end. The 3/16-in. plate is 
shown in Fig. 3. The other plates 
were identical to this, except that 
the plate thickness was greater. 

Pouring temperature was found to 
have little or no effect upon the 
occurrence of microporosity in these 
plates. Accordingly, the variations 
which occurred while pouring a 
series of molds were of little conse- 
quence to the results obtained. How- 
ever, pouring temperatures were 
kept between 1500 and 1350° F., 
the highest temperature being used 
for the thinnest plates. 

One wedge casting and the six 
6x10-in. flat plates, varying in sec- 
tion thickness from 3/16 to 1 in., 
were poured from each heat. Plates 
which are of 2-in. or more thickness 
are not suitable from 
which to obtain radiographs that re- 
veal accurately all of the micro- 
porosity present. 

Consequently, such plates were 
sectioned lengthwise into three verti- 
cal, parallel sections. One of these 
vertical sections was cut from the 
center of the plate; the other two 
from midway between the center 
section and each edge. These sec- 
tions were machined to % in. and 
then radiographed. 

The 3/16- and %-in. plates were 
radiographed in entirety; and such 
microporosity as was present tended 
to be widely distributed, i.e., it would 
occur at either end and generally 
across the plate. On the other hand, 
3/4-, 


specimens 


any microporosity in the %2-, 
and 1'%-in. plates would occur in 
the end adjacent to the riser, and 
would be more severe in the center 
section than in either of the two side 
sections. 

A fairly satisfactory rating could 
be obtained by measuring the num- 
ber of inches of sound metal in the 
center section. Since the plates were 
10 in. long, the rating would be 
No. 10, if the entire length of the 
section was sound. If 4 in. of the cen- 
ter section were sound, the radio- 
graphic rating would be 4. If the 
center was unsound over its entire 
length, the radiographic rating 
would be 0, etc. 

In all instances, the center section 
would exhibit more unsoundness 
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Table 2 


Errect or ALLoy Composition, Gas CONTENT,! AND 
THICKNESS ON AVERAGE” Porosity RatInc® 


(Riser thickness at the base adjacent to the casting was twice the 


/ 


The top of riser was % in. thicker than base of the riser, and all we 


Thickness, AST M-AZ63— 
in. Gassed Degassed Gassed 
3/16 0 2% 3 
¥% . 3% l 
Vy ~ /, 0 
% 0 6 0 
ae 5% 0 
1Y2 0 Vy 0 


Degassed 


— M-AZ92— 
Gassed Degassed 


4% SY 

8% 8% 

6% 10 

9% 10 

9% 10 

3% 9 ( 


—Radiographic Rating of Allo ys———— 
-8 ST. 


_ 1} Gas content was indicated by the height of sound metal in the wedge casting. Gassed me}; 
tained 0 in. of sound metal (see Footnote 4 below), and degassed melts generally produced ove 


of sound metal in the wedge. 


27Only one gassed melt of each alloy was poured. 


Four heats each of ASTM-AZ63 and as 


degassed melts, three heats of AZ-91, and five heats of ASTM-AZ92 were poured. 
* Length in inches of sound metal in the center longitudinal vertical section of the plate (see i 
* This heat was only moderately gassy, as it produced 1% in. of sound metal in a wedge casting 


than either of the two side sections. 
This is also true of the 3/16- and 
¥g-in. plates which were radio- 
graphed over the entire surface. The 
length in inches of sound metal 
along the center line of these plates 
was also taken as the radiographic 
rating, as described previously. 

However, since the microporosity 
tends to be more generally dis- 
tributed across the 3/16- or 3-in. 
plates, a porosity rating of 3, for 
example, might contain more widely 
distributed porosity across the plate 
in a thin section than in a heavy 
section. The rating as described is 
simple and has proved to be quite 
satisfactory. The average results 
obtained on the 20 heats are shown 
in Table 2. 


Discussion 


The conclusions from the data 
listed may be summarized as follows: 

1. When the thickness of the riser 
is twice the thickness of the plate, 
the 3/16- and 1¥-in. plates are the 
most difficult to make sound. The 
Ya-, 3%4-, and 1-in. plates are the 
most readily made sound, while the 
¥g-in, plate is intermediate between 
this group and the 3/16-in. plate. 

2. Using the degassed melts as a 
criterion, the order of alloy com- 
position having decreasing suscepti- 
bility to microporosity is as follows: 
ASTM-AZ63, A-8, ASTM-AZ92, 
and AZ-91 alloys. This rating holds 
for plates of all thicknesses, and the 
difference between ASTM-AZ63 and 
A-8 compositions is larger than that 
among A-8, ASTM-AZ92, and AZ- 
91 alloys. 

3. Degassing the melt has im- 


proved the soundness of the 3/|6-); 
section, but the improvement effecteg 
is far greater in the %-in 
heavier sections. 

4. While ASTM-AZ63, . 
ASTM-AZ92, and AZ-91 all 
decreasing susceptibility 
microporosity in all section 
nesses, it will be noted that greater 
soundness can be effected in th 
3/16-in. section by changing th 
alloy from ASTM-AZ63 to one that 
is less susceptible to microporosity 
than is obtained by decreasing th: 
gas content of the melt in the rang 
investigated. 

5. It will be shown later that a 
3g-in. riser on a 3/16-in. plate i 
inadequate, and with degassed meta 
the 3/16-in. section fed with a %4-in 
riser will, in general, be sound when 
poured in A-8, ASTM-AZ92, and 
AZ-91 alloys. The soundness 
ASTM-AZ63, however, is increased 
but slightly if the riser on this 3/16- 
in. section is increased to 34 in. or 
heavier. If then the 3/16-in. section 
had been fed with a 1-in. riser in- 
stead of a %-in. riser, the data in 
Table 2 would have indicated a stil 
further advantage of A-8, ASTM- 
AZ92, and AZ-91 over the ASTM- 
AZ63 composition. 

6. It is only by a combination of 
a degassed melt and the selection 
of an alloy having the least sus 
ceptibility to microporosity that 
maximum soundness can be obtained 
for a given degree of feeding pro 
vided. It will also be shown that, in 
addition, adequate risering 1s neces 
sary to produce substantia’ 
plete soundness. 
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\-8, ASTM-AZ92, 
r to that shown by Fig. 3, 
st from each melt; but the plate 
thicknesses were varied from 3 


risers wa 


icknes 


ret tion 
filled. If 


to flow 


| aA) of 
casting. 


f Occurrence of Micro- 
n Castings of Four Different 


he relationship of these fac- 


» the amount of microporosity 


in castings of ASTM-AZ63, 
and AZ-91 was 
ited. Four to six plates, simi- 
were 


16 to 
as described previously. Riser 
s varied from zero to 3 in. 


the base. 

{ll risers extended across the 
dth of the plate, were 6 in. high, 
nd the thickness at the top of the 


fy in. 


at the base. 


greater than the 


It should be 


mphasized that all of the plates 


st horizontally with the riser 


none end and with the gate enter- 


riser. 

method of gating makes the 
ture gradients all in the right 
at the instant the mold is 
f it were necessary for the 
through the mold 
to the riser, as happens in 
mmercial castings, the re- 
ght vary somewhat from 
ported here. 

melt was thoroughly de- 


6x10x3/16-in. plain plate test Fig. 4 





gassed by using chlorine or a mixture 
of chlorine and carbon tetrachloride 
and poured as wedge castings to 
indicate the melt quality. The con- 
siderable amount of sound metal in 
wedges poured from these heats in- 
dicated that all of the melts had a 
low gas content and, consequently, 
the results obtained are typical only 
of good quality, degassed melts. 


Procedure 


Nine heats of ASTM-AZ63 alloy 
were poured, producing a height of 
sound metal in the wedge of 2'/2 to 
3% in. Nine heats of A-8 alloy were 
poured in which the height of sound 
metal in the wedge casting ranged 
from 2 to 3% in. Eleven heats of 
ASTM-AZ92 alloy produced 2% to 
27% in. of sound metal, and eight 
heats of AZ-91 alloy produced 2% 
to 33% in. of sound metal in the 
wedge casting. 

The 3/16- and %-in. plates were 
radiographed in entirety and the '/2- 
in. and heavier plates were sectioned 
and radiographed. These _radio- 
graphs were rated from zero to 10, 
corresponding to complete unsound- 
ness over the entire length to sub- 
stantially complete soundness and 


Sectional views of 6x10x3/16-in. 





> 


ribbed 
plate test casting. 

freedom from microporosity. The 
results are listed in Table 3. 

In some instances the porosity was 
very light or the microporosity was 
of the surface type only. Such sur- 
face microporosity apparently is as- 
sociated with sand reaction and is 
not directly related to shrinkage or 
to the gas content of the melt. Ac- 
cordingly, the data indicate the rat- 
ings in which a very light micro- 
porosity occurred as well as those 
ratings which are less than 10 and 
where only the surface type of micro- 
porosity occurs. 

The portion of the data enclosed 
in parenthesis (Table 3) indicates 
the combination of plate thickness 
and riser thickness which will pro- 
duce sound or substantially sound 
castings of each of the four alloys. 
The: data listed in Table 3 indicate 
the following: 

1. The 3/16-in. section is more 
difficult to make sound than the %- 
or 2-in. section. 

2. The 3/16-in. section can be 
made sound in A-8 alloy when the 
riser base is increased to % in. and 
to % in. for ASTM-AZ92 and AZ- 
91 alloys. On the other hand, 
ASTM-AZ63 alloy cannot be made 
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sound in the 3/16-in. section re- 
gardless of riser size. The data tend 
to indicate that in the 3/16-in. sec- 
tion of ASTM-AZ63 alloy only a 
slight benefit is obtained by the riser, 
and certainly no additional benefit 
is obtained by increasing the riser 
base to a thickness greater than 
one in. 

3. Table 4, based upon data taken 
from Table 3, indicates the mini- 
mum riser size required to produce 
substantially sound 6x10-in. plates of 
various thickness, cast horizontally 
and gated and risered on one end. 

Investigations Using a 6x10x3/16- 
in. Ribbed Plate. A ribbed plate 
(Fig. 4) was also employed to check 
the relationship of alloy composition, 
gas content of the melt, degree of 
feeding provided, and the occurrence 
of microporosity in the casting. The 
distribution and amount of micro- 
porosity was determined by x-raying 
the entire plate. 

This plate can be risered in vari- 
ous ways. Three-eighths-in. pads are 
attached to both ends of the plate, 
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and a I-in. riser may be placed at 
either end or at both ends. Thus, 
the relative merits of the following 
were determined: (1) gating into 
the riser, (2) passing the melt 
through the mold cavity to a riser 
at the end opposite the gate, (3) 
placing a |-in. riser at each end, and 
(4) casting the plate without risers 
of any kind. 

Two heats of ASTM-AZ63 alloy 
and one each of ASTM-AZ92, A-8, 
and AZ-91 alloys were prepared by 
degassing with chlorine, and then 
obtaining grain refinement by means 
of the addition of aluminum carbide. 
Another set of castings, one heat 
each of the four alloys, were pre- 
pared from metal which had been 
cleaned with No. 310 flux and then 
superheated. 

Two heats of ASTM-4 alloy and 
one heat each of ASTM-AZ92, A-8, 
and AZ-91 were also prepared by 
cleaning the metal with unfused No. 
310 flux, thereby producing gassed 
melts. 

Along with the ribbed plates with 


no risers or risered j; 

a wedge casting wa 

with each heat to < 

relative melt quality . 

as measured by the h: 

metal in this wedge « 
Examination of the 

by radiography reveal 

effects of the degree of 

vided, the alloy composi 

gas content of the melt 

of sound metal produce: 

gassed melts varied fror 

in. On the other hand 

melts produced ' to 7 

metal in the bottom of 
Radiographs shown elsewher 

not reproduced here, but the res 

may be summarized as follows 


1. The degassing treatment, wh 


has produced a considerable incr 
in the height of sound metal i; 
wedge casting of all four alloys 


creased only slightly the occurrer 


of microporosity in the 3/16-in 
tion of the plate. 


2. Castings poured without riser 


represent the poorest degree of f 


Table 3 
RELATION OF Riser S1z—E AND SECTION THICKNESS TO OCCURRENCE 
or Microporosity iN CAsTINGs OF Four DIFFERENT ALLOYS 
—____—_ ———_—_—_————Thickness of =e at Base**, i2.———___—__ 


s , , 
V% Vy y l',, 


Section 


Thick- 





3, 4,0 1 | 84,24 4,3 


0,0,3,4% | 0,0 4,3.6 
7 4,73 2,2 — 


9* ,4,1,442,5)2 


AST M-AZ63 Alloy 
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(10,10) (10,7*,9*) (10,10) 
(9*) 
(10) 


(10,10,10,10) 


(10,10,10,10) (8* 2,8) 


(10) (10,10,8*,9*,10) 
2 8* 8+ 


0.3% 6" 8* 
7% 1,2 





A-8 Alloy 


(10,10) 








0,1Y% 





| | 
10 |10,10,31%4,5,8*,7%4*,4| (10) (10) (10,10,9*) (9*) 


(8'%*,10) 
(10,8*) 


(10) (10) 
(10,10,10,10,10,10) cue 


(8+¢,10,10,10,10,10,10) 


(10,8*,10,10,5,10) 


(10) 
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(10) 
3 3 

3 3% 
1 3 2" 


(10) 
10,4% 





(10,10) (8¢,10,10,10,10,10,10 


ASTM-AZ92 Alloy 





(10) 
(10) 


(10) (9*,10) 


(10,5) 


2, 7*,5,10 





(10) (10,10,10) (10,10) 
(10) (10,10,10) wah 
“i ” (9*,10) (5%/t,10,10,10) 
0 3,3 (10,10) 
ee 0 0 1,4 | 0) 
hick 


Nore: Figures in parenthesis indicate the combination of } penn 
ness and riser thickness which will produce sound or substan 
castings of each of the four alloys. 


(10) (10) 


(10,10,10) 


























tMicroporosity present is the surface type, probably associated with sand 
reaction and not with shrinkage or dissolved gas. 

*Very slight amount of microporosity. 

**Riser 6 in. high and 4 in. thicker at the top than at the base. 
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ends of the plate has 
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portion of the plate. 





soundness Of 






ids, however, must be 





ther a riser or a gate to 





inced amounts of micro- 





this part of the casting 





Order of decreasing susceptibil- 


lloys to microporosity in 






ribbed casting was as follows: 
\STM-AZ63, ASTM-AZ92, A-8, 
\7-91, there being a great dif- 
between ASTM-AZ63 
\STM-AZ92, and only 





and 





a slight dif- 








7 ong ASTM-AZ92, A-8, 
\Z-91. With one 1-in. riser, 
\STM-AZ92, A-8, and AZ-91, the 

6-in. ribbed plates were substan- 





while ASTM-AZ63 was 
nd over its entire area. 
In this 


oy composition is much more 


sound, 






3/16-in. ribbed plate, 






than the gas content of 





rtant 






lt within the considerable 


gas content employed in 







ortion of the investigation. 





sults obtained on the 3/16-in. 
confirm those obtained 
the pi.in, flat 3/16-in. plate. 
lation of Theoretical Frinci- 
ind Experimental Results. All 
the foregoing data indicate that 
and ¥4-in. sections are not 
isier to feed than the 3/16-in.. 
that they are also easier to feed 
th When the 
tion thickness reaches 1'/ in., it is 
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heavier sections. 






lifficult to obtain sound metal 
i r thicknesses twice the plate 






This can be explained by the slow 





dification rate in such heavy sec- 





t is obvious that, if a consid- 
ime is required for solidifica- 








Table 4 


S1zE REQuIRED TO PRopDUCE SUBSTANTIALLY SOUND 6x10-1N 


AND GATED, AND RISERED ON ONE END 
——Section Thickness, in 
4g If, 4 ] 
3 »3 * * * 
VY V% 1 2 > 3 
% % 1% 11, »3 
3% Ve 1 1% 4 


relatively high conductivity 
slight 


tion, the 
of the alloy will produce very 


temperature gradients toward the 
risers, producing a long mushy zone 

As indicated previously, the long 
mushy zone is not conducive to feed- 


ing, and the tendency to form micro- 
porosity is quite pronounced. On th 
other hand, the 3 


solidify rapidly and almost simulta- 


16-in. sections 


neously over their entire areas, mak- 
ing progressive solidification toward 
the riser and adequate feeding diffi- 
cult. 

In other words, under the casting 
conditions described, the 2-in. sec- 
tion has the optimum cooling rat 
most directional solidifi- 
cation take 
place, producing the shortest mushy 


whereby the 


toward the risers can 


zone. 
It is clearly evident that ASTM- 
AZ63 alloy is markedly more sus- 


ceptible to the formation of micro- 
porosity than the other three alloys 
The susceptibilities to the formation 
of microporosity in A-8, ASTM- 
AZ92, and AZ-91 alloys are of the 
same order of magnitude, but the 
susceptibility decreases slightly in the 
order listed. 

Differences in susceptibility to mi- 
croporosity among the four alloys 
attributed to the dis- 
similarities in composition. The alloy 


can be safely 


composition determines the solidifi- 
cation range and the amount of 
eutectic liquid solidifying at the end 

Solidification of the four 
alloys is as follows:° ASTM-AZ63, 
475° F.;: ASTM-AZ92, 345° F.; A-8, 
315° F., and AZ-91, 300° F. 

The amount of eutectic liquid so- 
lidifying at the end is indicated by 
the relative volumes of undissolved 


range 


beta constituent in the as-cast condi- 


ASTM-A7Z63 alloy has the 


tion: 


least amounts of eutectic liquid, A-8 
is next, ASTM-AZ92 third, and A7Z- 
91 has the most eutectic liquid or 
undissolved beta constituent in the 
as-cast condition. 


It is obvious then that ASTM- 








\Z63 alloy not only has the longest 
solidification range, but it also pro- 
duces the least amount of eutecti 
liquid solidifying at the end. Con- 
sequently, this alloy is by far the 
most susceptible of the four alloys 
to mi roporosity 

AZ-91 alloy is less sus eptible to 


microporosity than A-8 alloy because 
it has a slightly narrower solidifica- 
tion range, but the more important 


factor is the considerably greater 
amount of eutectic liquid which so- 
ASTM-AZ92 al- 
loy has a solidification range marked- 


ly less than ASTM-AZ63. but con- 
A-8 and A7- 


lidifies at the end 


siderably greater than 
91 alloys. 

Because ASTM-AZ92 alloy has 
rreater solidification range and a 
liquid so- 


AZ-91, 


susct p- 


lesser amount of eutectic 


lidifying at the end than has 


the former is slightly more 
tible to occurrence of microporosity 

On the other hand, ASTM-AZ92 
lloy has a greater range of solidifi- 
cation, but the amount of eutecti 
liquid solidifying is slightly greater 
than that of A-8. As a result, A-8 is 
only slightly more susceptible than 


ASTM-AZ92 to the 


microporosity 


formation of 


Liquidus and Solidus Contours 

A third factor exists which is not 
entirely indicated by the considera- 
tion of the solidification range and 
the amount of eutectic liquid as rep- 
resented by the relative volumes of 
constituent in the as-cast 
condition. This factor pertains to 
the shape of the solidus and liquidus 


the beta 


lines. 

The shape of the solidus and liq- 
uidus surfaces in the complex alloys 
determines the relative amount of 
solid and liquid at any given tem- 
perature intermediate between the 
solidus and liquidus (Fig. 5) 

If the contour of the solidus and 
liquidus surfaces is such as to permit 
a relatively large proportion of liquid 
to exist to the of the 
solidification range, the alloy will be 


less susceptible to the formation of 


lower part 


microporosity than if the contour of 
solidus: and liquid surfaces are such 
as to produce a relatively greater 
amount of solids in the higher por- 
tion of the solidification range 
Examples of these two different 
types of solidus and liquidus systems 
are represented by Fig. 5 This third 
factor is fairly difficult to evaluate 
However, it is quite probable that 
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the contour of the solidus and lig- 
uidus surfaces, which would be fa- 
vorable to the retention of a rela- 
tively large proportion of liquid to 
the bottom of the solidification 
range, would also be reflected by a 
relatively large amount of eutectic 
liquid solidifying at the end. This is 
illustrated by Fig. 5. 

It has already been noted that the 
proportion of eutectic liquid can be 
estimated from the relative volume 
of undissolved beta constituent in the 
as-cast condition. This third factor, 
therefore, is not entirely separate 
from the factor relating to the rela- 
tive amount of eutectic liquid solidi- 
fying at the end of solidification. 

In any event, the known facts 
about the solidification range and 
the relative amounts of eutectic liq- 
uid solidifying explain quite satisfac- 
torily the relative susceptibility of 
the four different alloys to the for- 
mation of microporosity. 

Effect of Pouring Temperature. 
The 6x10-in. plates, 3/16, %, and 
1% in. thick, were used to deter- 
mine the effect of pouring tempera- 
ture on the occurrence of micropo- 
rosity. These plates of all four alloys 


were poured over a range from 
1500° F. to the lowest temperature 
at which they could be poured with- 
out serious misruns. 

In some instances, when an ex- 


tremely coarse grain was obtained at 
pouring temperatures near 1250° F., 
the microporosity appeared to be ac- 
centuated; otherwise the pouring 
temperature had no noticeable effect 
on the occurrence of microporosity. 

This conclusion is somewhat at 
variance with foundry experience 
since, under production conditions, 
it is frequently found that high pour- 
ing temperatures produce less micro- 
porosity than lower pouring temper- 
atures. Some observations in the lab- 
oratory indicated that, when chills 
were used to produce solidification, 
the tendency to form microporosity 
decreased somewhat with increasing 
pouring temperatures. 

Commercial castings, of course, 
are not always gated into risers, and 
chills are used frequently to effect 
progressive solidification toward the 
risers. Under the conditions of a 
higher melt temperature in the mold 
in conjunction with chills and com- 
plex sections, it is quite conceivable 
that there will be sharper tempera- 
ture gradients increasing toward the 
risers, which condition will tend to 


MICROPOROSITY IN MAGN! 
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PER CENT ALLOY CONTENT 


Fig. 5—Intersections of liquidus and solidus surfaces showing t 
tions having same Solidification range and eutectic temperatu 
temperature (t), system (a) contains 26 per cent liquid whili 
only 7 per cent. At the eutectic temperature, (a) contains 13 per cer 
liquid, while (b) contains 6 per cent. Alloy (a) will be less su 
microporosity because a greater proportion of liquid is retained 1 
temperatures. This is also reflected in a greater amount of eut. 
and beta constituent, although both have the same maximum solid 
at the eutectic temperature. 


decrease the amount of microporos- 
ity formed. 

It is to be expected that the ex- 
perimental plates risered and gated 
at one end would have a favorable 
temperature gradient initially, which 
would not be altered greatly by an 
increase in melt temperature. 

Effect of Mold Material. The 
wedge casting (Fig. 2) and the 3/16- 
in. plates (Fig. 3) were prepared in 
green sand and in a dried sand. The 
green sand used was a regular syn- 
thetic sand containing bentonite for 
the binder, ethylene glycol, sulphur, 
and boric acid as inhibitors. 

This green sand baked well to pro- 
duce a dried mold. Accordingly, 
molds of the same sand were baked 
at a low temperature to prevent ser- 
ious loss of inhibitor, but at a suffi- 
ciently high temperature to remove 
the water from the sand. 

Approximately six melts of ASTM- 
AZ63 and ASTM-AZ92 alloys were 
prepared. One set of molds was 
poured before fluxing with chlorine, 
and a second set was poured after 
fluxing with chlorine. Each set con- 
sisted of one green sand 3/16-in. 
plate, one green sand wedge mold, 
one dry sand 3/16-in. plate, and 
one dry sand mold of the wedge. 

Careful examination of the plate 
and wedge castings by radiography 


showed that the mold materials 
no influence upon the 
microporosity in either the plate 
wedge castings. The chlorine fly 
improved the soundness of both 

These observations indicate 1 
gas is not absorbed by the me! 
the mold prior to its solidificatior 
has been established, for exam; 
that gas will be absorbed by melts o! 
aluminum-base alloys if they 
poured into green sand having | 
permeability. 

All sand used in this investigati 
has high permeability, and it is ! 
to be expected that gas would b 
absorbed by the melt in the m 
Apparently gas is absorbed by t! 
melt only when the permeability 
the sand is sufficiently low Y 
some of the generated vap 
the liquid melt in the mold cavity 


amount 
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sections of various 
Ye summarized as 


gas content of the 
igh and the melt is 
xing it with chlorine, 
n microporosity in the 
section will be pro- 
indicated in Table 5, 
order of susceptibility 
ty among the four al- 
vs: ASTM-AZ63, A-8, 
and AZ-91. A large 


xists between ASTM- 


and only a slight dif- 
umong the other three 


nd '%4-in. sections are 


to make free from micro- 
Maximum soundness can 


1) de- 


2) alloys least sus- 


the formation of micro- 


3) adequate feeding. 


uate feeding is obtained by 
stablishment of steep tempera- 
cradients toward the riser or 


This is done by the 


ver use of gates, risers, and chills. 
given degree of soundness, 
ratio of poured weight to cast- 
veight can be reduced by using 
degassed melts and (2) an alloy 
lace of ASTM-AZ63 having less 


Table 5 


RELATIVE Errects oF Factors DETERMINING MICROPOROSITY 


Factor 


Decreasing gas content 

Increasing riser size within normal 
limits 

Changing alloy composition from 


ASTM-AZ63 to A-8, ASTM-AZ92, 
or AZ-91 


susceptibility to the formation of 
microporosity. 

Pouring temperature had little or 
no effect upon the amount of micro- 
porosity formed in these test castings, 
which were 6x10-in. plates cast hor- 
izontally with gate and riser on one 
end only. If, however, chills were 
used in the mold and if the gates did 
not enter the risers, it is quite likely 
that the microporosity may decrease 
somewhat with increasing pouring 
temperature. 

It was also found that the amount 
of microporosity formed was approx- 
imately the same in dried molds as 
in green sand molds, indicating that 
gas is not absorbed by the melt in 
the mold cavity. 
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H. F. Taylor and 
W. C. Wick 
Steel Castings Section 


Naval Research Laboratory 
Washington, D. C. 


NoON-FERROUS FOUNDRY prac- 
tices have been shown, particularly 
by wartime production experiences, 
to be in need of an extensive in- 
vestigation. Increased emphasis upon 
inspection and the development of 
improved and new inspection tools 
focused attention upon serious short- 
comings in castings. More strenuous 
performance requirements caused 
an increased number of service fail- 
ures, and often the replacement cast- 
ing proved to be little or no better 
than the original. 

Ever-increasing shop production 
demands and shortage of manpower 
may have caused a relaxation of 
otherwise adequate foundry prac- 
tices in some shops, but even prior 
to the war the situation pointed to 
the need for improvement in non- 
ferrous foundry practices. By far the 
greater number of service failures 
have been in operated 
under pressure. The reasons given 
for failure have been many and 
varied, and often depend more upon 
the individual interpretation than 
upon any factual evidence. 


castings 


Sometimes the foundryman blames 
gassy metal caused by improper 
melting or wet molds, sometimes 
impurities or improper composition 
are blamed, and occasionally shrink- 
age caused by inadequate feeding is 
determined to be the trouble. Any 
one, or all, of these conditions may 
cause bad castings, but it seems 
probable that the greatest offender 
is shrinkage in one or another of its 
many manifestations. 


Research upon the gating and 
risering of steel castings indicates 
definite limitations upon the ability 
of risers to feed castings adequately 
unless great care is taken to position 
and proportion gates and _ risers 
properly. The type of defect most 
apt to cause leakage of steel castings 
under pressure probably is shrink- 
age, because of the interconnected, 
filamentary voids. 

Gas porosity, unless sufficiently 
extensive to be readily recognized 
as such, usually in the form of 
rounded, disconnected voids, would 
not necessarily cause leakage. Sec- 
tions of non-ferrous castings which 
have failed indicate lack of internal 
soundness which, more often than 





’ New foundry techniques 

developed at the Naval 
Research Laboratory, Of- 
fice of Research and inven- 
tions for production of 
sound non-ferrous castings, 
serve to emphasize depend- 
ence of good foundry prac- 
tice upon proper gating 
and risering. Insulating 
pads and riser sleeves 
placed respectively on 
their sections and around 
risers keep the metal in 
these regions hot and 
molten until the casting has 
become solid. Applications 
of the method show the im- 
portance of controlled di- 
rectional solidification. The 
opinions expressed are 
those of the authors and do 
not necessarily refiect the 
opinions of the Navy De- 
partment. 











not, resemble similar sections 
from steel castings which have bee, 
made without proper attentio, 
known laws of solidification 

Further evidence in support of th 
theory that shrinkage in one form 
another, if not repaired by welding 
is responsible for service failures j; 
steel castings is a survey made 
the Westinghouse Electric Co 
which shrinkage was  definit: 
branded as the worst problem. Thi 
condition exists in spite of all thy 
research which has been, done o 
this problem in steel castings. It ; 
reasonable to suppose that a similar 
condition may exist in non-ferroy 
castings, upon which relatively litt! 
fundamental research has been don: 

Studies at the Naval Research 
Laboratory upon the effect of 2- 
mospheric pressure as a potent fac- 
tor in making sound castings and 
oddly enough, as an even mor 
potent force in causing bad casting 
have led to a realization of the many 
ways in which gating and risering 
can affect the end-product of the 
foundry. For example, serious blows 
at internal corners of castings, ex- 
aggerated areas of low density, and 
so-called “pulls,” “draws,” or “dish- 
ing” of castings are results of atmos- 
pheric pressure acting upon an in- 
properly risered casting. 


Certain surface defects, particu- 
larly on cope surfaces, discontinu- 
ties which appear to be tears caused 
by hard molds, small cavities be- 
neath vents and in front of ingates 
and many other defects normally 
not associated with shrinkage, more 
often than not are a direct result o! 
improper gating and risering prac 
tices. A natural tendency exists 00 
the part of non-ferrous foundrymen 
to use as few gates and risers on 4 
casting as possible because their re- 
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Fig. 1 (left)—Test ingots used to 
determine relative rates of solidifica- 
tion of manganese bronze in green 
sand and in gypsum; pouring tem- 


perature 1025° C. (1880° F. 


moval from the casting is a serious 
problem. 

It is not possible to use torches 
for this purpose, as can be done with 
steel castings, and their removal by 
saw or cold chisel is laborious and 
expensive. A balance must be made 
between the selling price of the 
product and the amount of work 
that can be done in the machine 
shop in order to meet competition 

This factor, rather than good en- 
gineering, too often determines the 
size, number, location, and design 
of risers, and inadvertently affects 
adversely the soundness of the cast- 
ing. The foregoing factors indicate 
the need for fundamental informa- 
tion on the solidification of non- 


ferrous castings. 


General Considerations 

In 1928 a project was authorized 
at the Naval Research Laboratory 
by the Navy Department to study 
the fundamental defects in steel cast- 
ings. Since that time a great deal 
of practical information has been 
compiled on the solidification char- 
acteristics, gating and risering, and 
general foundry practices used for 
steel and the principles are quite 
generally appreciated and _ used. 
Much of the information should 
apply to other metals but, unfortu- 
nately, relatively little effort has 
been made to determine if this is 
the case. 

The principles of and need for 
controlled directional solidification 
in castings have been recognized for 
many years by steel foundrymen, 
and numerous articles have been 
published on the subject ** * *. The 
theory is simple but often difficult 
to apply in practice. 

It means only that in order to 
obtain maximum benefit from feed 
heads and the soundest possible cast- 
ing it is necessary to have the cold- 
est metal within the feeding range 
of a given feeder at a point farthest 


Fig. 2 (center and bottom )—-Sketch 
showing molding technique used in 
solidification test of casting shown tn 
Fig. 1 and the location of the ther- 
mocouples (1). Cooling rate curves 
for manganese bronze casting made 
as shown in sketch. 








































































































































3—Fluidity test spirals of ingot copper; pouring temperature 1175° C. 


(2150° F.). Left—plaster, 34 in. Right—green sand, 15 in. 


from the riser, and that the metal 
be progressively hotter toward the 
riser at all times during solidifica- 
tion. The normal way to obtain 
proper directional solidification in a 
casting is to taper sections slightly 
toward the riser, being sure that the 
taper is progressive in all respects 
and that intermediate thin sections 
are not present which would solidify 
prematurely and choke off feeding. 

Ir :s not possible to feed heavy 
sections through light sections, and 
chills or auxiliary feed heads must 
be provided whenever the casting is 
so designed as to limit the feeding 
range of the main risers. In other 
words, the “ingot principle” must 
be used for each and every riser in- 
dependently, and an adequate num- 
ber of risers must be provided to 
feed the solidifying casting. 

This principle should be as im- 
portant in the manufacture of non- 
ferrous castings as it is for steel, and 
considerable evidence is available to 
indicate that such is the case. 


Influence of Atmospheric Pressure 

Atmospheric pressure as a factor 
in foundry techniques has _ been 
found to have marked influence on 
the integrity of steel castings, and 
principles governing its behavior 
have been carefully determined. It 
is interesting that, with a proper 
understanding of the manner in 
which atmospheric pressure operates 
upon a body of solidifying metal, 
sound castings can be produced, 
while without this knowledge un- 
sound castings often result. 

It is surprising to note that little 
or no work has been published, and 
apparently little notice given this 
important principle by non-ferrous 


foundrymen, although the influence 


can be even more far-reaching than 
is the case in steel casting. 

An appreciation of the manner in 
which atmospheric pressure exerts a 
profound influence in foundry prac- 
tice can be gained by a brief resume 
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of everyday principle 
is well known that atr 
sure acts on all obje 
has access with a for: 
proximately 14.7 psi. 

This is a force capa 
vessels with structural! 
to collapse when the p: 
them has been redu 
vacuum levels, and in 
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height of about 30 in. und 
conditions. What is mor 
to the problem at 
the force which often ines 
whether sound or unsound castinn 
will be made. 

Any casting, regardless of 
shape, or contour can be used » 
illustrate the point. Atmospher 
pressure acts equally on al! parts of 
the casting, and it has been caref 1 
determined that a sand mold is suff. 
ciently permeable to permit this. A; 
the casting solidifies and the mets 
contracts in volume a tendency fo, 
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Fig. 4—Sketch of test mold for casting shown in Fig. 9. 
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Sketch of hollow tee 
dimensions and 
ection. 


im to form within 
tact is made at all 
riser and progressive 
aintained, the ten- 
uum to form will be 
liquid metal which 
accommodate the 
vever, if for some rea- 
not adequate a shrink- 
% Vi will form, a partial 
be created, and a dif- 

essure between the in- 

tside of the casting will 


nitude of this difference 
depend upon the amount of 
1 shrinkage and, whenever it 
omes greater than the strength 
he solidified skin of metal around 
asting, the walls will collapse 
puncture at a weak spot to re- 
this condition. Castings with 
sive flat sections such as plates 
rge flanges on valves and fit- 


which are difficult to riser 
wuately, are especially prone to 
shing,” while castings with in- 
| corners usually puncture 
igh at the hot spot. 
It has become general knowledge 
t if risers are to function prop- 
they must be kept open to the 
mosphere in order for this added 
ressure to aid in feeding. This is 
nplished in ferrous castings by 
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CROSS SECTION 
















Fig. 5—Section from center of man- 
ganese bronze casting; bled after 5 
min.; poured at 990° C. (1810° F.). 





Fig. 6—Hollow tee casting used for testing insulated riser sleeves and 


insulating pads. 




























use of pipe eliminator compounds 
to cover open risers, or by the use 
of a core of some suitable material 
cast- into the cavity of blind risers. 

Non-ferrous foundrymen generally 
have not taken precautions to insure 
that the risers remain open to the 
atmosvhere at all times. Often sand 
is sprinkled on open risers for in- 
sulation, a practice which does not 
appear desirable because of the high 
specific heat of sand which causes 
it to absorb heat rather than to in- 
sulate, and which causes the riser to 
freeze prematurely. If risers are not 
kept open feeding may be materially 
reduced and atmospheric pressure 
may gain entry to the casting at 
some other point. 

This brief treatment of a really 
extensive subject should suffice to 
indicate that a thorough knowledge 
of atmospheric pressure, as it ap- 
plies in the foundry, is essential to 
the making of good castings, either 
ferrous or non-ferrous. A paper by 
Taylor and Rominski® entitled 
“Atmospheric Pressure and the Steel 
Casting” is 2 comprehensive treat- 
ment of the subject as it applies to 
steel, and no attempt will be made 
here to-discuss the development in 
detail since fundamental principles 
are therein clearly covered. 

Attempts to make sound shop 
castings from copper-base alloys at 
the Naval Research Laboratory in- 
dicated the need for even greater 
attention to gating and risering than 
was necessary for steel castings. 
Risers often have to be larger and 
more numerous than for steel and, 
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Hollow tee casting made entirely in a sand Fig. 9—Hollow tee casting made in sand 


Fi g, 9 





Note 


le m pe rature 


mold. 


shrinkage. 
1000 





Fig. 10 


powder used on top of riser; 


Manganese bronze; 


C. (1830° F.) 


Hollow tee casting made in sand with an in- 
sulated riser as shown; no insulating pad: insulating 
small amount of shrink- 


pouring 
Manganese 


sulating pad placed as shown. No shrinka 
bronze; poured at 1000°C 














Fig. 11 


age present; manganese bronze; pouring temperature 


1000 


C. (1830° F.). 


Hollow lee 
and riser insulation and insulating powder on to{ 
riser; manganese bronze; pouring temperature 1000 | 


casting made in sand 


(1830° F.). 





in general, the temperature gradients 
within the casting must be more 
carefully controlled. 

Although tin bronzes show mark- 
edly less shrinkage, as manifested by 
riser cavities, than does manganese 
bronze, it was found that gating and 
risering for a sound casting in tin 
bronze was even more difficult than 
for a casting in manganese bronze. 

In order to the inter- 
dendritic type of shrinkage charac- 
teristic of tin bronze, risers have to 
temperature 
gradients controlled by 
gating into or through risers as much 
as possible so that the metal in the 
riser is kept, molten and molten 
metal contact is maintained with all 
solidifying portions of the casting 
until they are completely solid. 

In spite of this it is general prac- 
tice to gate tin-bronze castings into 
thin sections away from risers and 
to use few and small risers as com- 


combat 


be very large, and 


carefully 


pared to those used for similar man- 
ganese-bronze castings. This is due 
to the fact that such a practice dis- 
tributes shrinkage uniformly and it 
is not readily noticeable upon casual 
examination. The use of risers which 
seem large to foundrymen, and yet 
are really not large enough for their 
intended purpose, only to 
localize shrinkage underneath them, 
which readily 


serves 
shrinkage can be 
found. 

Gating under or through inade- 


quate risers aggravates the condi- 
tion. However, adequate risers do 


give sound castings, even in tin 
bronzes, particularly when tempera- 
ture gradients are favored by gating 
through them, and it is not possible 
to make perfectly sound castings by 
circumventing this principle. The 
demand upon risers can be lessened 
and castings made very sound bv an 
extensive use of chills, a practice 
which is rapidly gaining favor. 


For many years attempts have 
been made to develop a suitable 
material from which to make in- 
sulating pads and riser sleeves for 
steel castings as an aid in promoting 
proper temperature gradients withir 
a solidifying casting. This is commor 
practice for ingot making in whic! 
sand is an effective insulator rela- 
tive to the metal of the ingot mold 
However, no suitable material ha: 
yet been found for steel castings, and 
the closest approach to effective riser 
insulation is the use of powdered 
compounds placed on the surface o! 
the metal in the riser to decreas 
radiation of heat and to insur 
against premature solidification. 
Except as a means of keeping th 
risers open to the atmosp! 
compounds are relatively i 
as their influence does no! 
to the base of the riser where 1” 
sulation is most needed in order to 
prevent early solidification neck 


e. rise! 
ffectual 

Salil 
extend 
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Hollow tee castings poured vertically. (Left) 
und mold and with uninsulated riser; (right )—in 
| mold with an insulated riser; total weight of 

i riser casting—Il8¥ lb., insulated riser cast- 
inge—I3V_ lb. Manganese bronze. 

















Fig. 14—Sketch of solid tee test casting showing dimensions. 




















Fig. 15—Section of solid tee cast- 
ing made entirely in sand, show- 
ing effect of atmospheric pressure 
and inadequate riser; manganese 


bronze; poured at 1830° F. 


The commercial use of gypsum 
as a mold material for making non- 
ferrous castings and its well-known 
insulating effect when used for this 
purpose suggested it as a material 
with which to accomplish in the 
non-ferrous field that which has not 
been as yet satisfactorily accom- 
plished for casting of steel. Gypsum 
cannot be used with ferrous metals 
because of the reaction between the 
sulphur of the gypsum and the iron. 

Figures 1, 2, 3, and 5 illustrate 
practical examples of the insulating 
value of gypsum when used in a 
mold for casting copper-base alloys. 
Figures 1 and 2 show the first ex- 
periment made to determine the 
relative rates of heat transfer 
through sand and gypsum molds. 
One half of the mold was made 
completely in gypsum and the other 
half in green sand. The casting cavi- 
ties were gated identically, were of 
identical dimensions, and thermo- 
couples were placed so that the tem- 
perature would be measured in the 
center of each mold. 

The metal used was manganese 
bronze poured at 1875°F. (1025° 
C.). The time for complete solidifi- 
cation as indicated by the thermo- 
couples was more than twice as long 
in the insulated metal as in the un- 
insulated metal (Fig. 2 chart). It is 
interesting to note the difference in 
temperature of the metal at the time 
of the first reading, indicating im- 
mediately the relative insulating 


Fig. 16—Section of solid tee cast- 
ing made with an insulated riser 
sleeve, showing a completely 
sound casting, manganese bronze; 


poured at 1000°C. (1830° F.). 


properties of the gypsum, and the 
much greater absorption of heat by 
sand as the metal flowed over it. 
It will be noticed from the curve 
that the liquid metal inside the 
insulated casting approaches the 
solidus range much slower than it 
does in the sand casting, and a sup- 
ply of liquid metal is available for 
a longer period of time to feed the 
shrinkage of a solidifying casting. 
Fluidity spirals are used at the 
Naval Research Laboratory as a 
means for indicating the flow be- 


Fig. 17—Section of solid tee cast- 
ing made entirely in sand; etched 
surface shows shrinkage at in- 
ternal angles; “G” bronze; poured 


at 1150°C. (2100° F.). 
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havior (fluidity) of 
The length of flow is t 
tive index of the f] 
metal. The spiral leng: 

indication of how far 

flow before enough hy 

the mold to cause solidi; 

Figure 3 shows a 
spirals, one poured i 
mold and the other i: 
relative length of 34 
gypsum and 15 in. for id in. 
dicates in a rough way th relativ 
insulating values of the two mat. 
rials. Pure copper was used for 4 
experiment. Both spirals were poured 
at 2150° F. 

Figures 4 and 5 illustrate gj 
further the good insulating proper. 
ties of gypsum. Figure 4 is a sketch 
showing how the casting was mad 
An octagonal cavity in a green sand 
mold was filled by pouring molte; 
manganese bronze through the open 
top. The metal was covered with 
an insulating powder after filling 
the mold. 

As shown in the sketch, each al- 
ternate face of the 
formed with a slab of the material 
to be tested. At the end of 5 mi 
the cope and drag molds were sepa- 
rated and the unsolidified metal was 
bled out. Figure 5 shows a section 
through the center of the 
and the lack of solidification on th: 
gypsum face is clearly indicative : 
the insulative properties of this 
material. 

This test demonstrates how effec- 


octagon was 


Fig. 18—Section of solid ¢ 
ing made with an insulat: 
etched surface shows « 
sound. “G” bronze; pour 


perature 1150° C. (2100 





























raph of 


the well-known ma- 
sed to promote the 
t directional solidifi- 
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mold cavity. 


materials were steel 
he former producing 
s of 134-in. while the 
rded the heat flow so 
t no skin had formed 

period. From this 
one it can readily be 
using these materials 
n with conventional 
s; a much greater con- 
solidification 


tional 


o test the practical value 
riser sleeves made from 
typical castings were se- 
cored holes 
sections and the other a 
troublesome 


involving 


containing 
| corners. Figure 6 is a pho- 
an actual casting and 
Fig, 7 illustrates schematically the 

ding technique used and the di- 


nsions of the casting. 


n Figs 


tioned manganese bronze castings 





8 to 


11, inclusive, four 










































































PLASTER 
|SPECI-| TENSILE | PERCENT 
[MEN |STRENGTH] ELONG. 
| NO P.S.1, IN 2" 
| | 41,200 50.7 
| 2 36,400 | 32.0 
| 3 | 35,750] 33.6 
| 4 37,300 | 33.6 
| 5 38,100 | 46.1 
'é | 41,180] 485 
7 | 41,000 | 44.5 
8 39,100 | 41.4 
9 31,800 25.0 














"Riser too short 


TABLE 





of this type are shown; each was 
made differently to illustrate the ad- 
vantages of gypsum insulators. The 
casting shown in Fig. 8 was made 
completely in sand by ordinary 
foundry technique. No chills or in- 
sulators were used, and no insulating 
powder was used on the top of the 
riser. 

Extensive shrinkage is evident in 
the heavy section at the lower cor- 
ner beneath the riser. Freed metal 
could not reach this heavy section to 
accommodate shrinkage because the 
thin section solidified first and pre- 
vented further feeding. It is impor- 
tant to note the typical secondary 
shrinkage of the riser in the central 
portion. 

In the casting shown in Fig. 9 no 
change was made except to place a 
small pad of gypsum against the 
thin section at the end, as shown in 
the sketch of Fig. 9, to retard solidi- 
fication in this area and make it 
possible to feed the heavy corner 
section. The casting is sound and 
adequate feeding has been accom- 
plished. In Fig. 10 no insulating pad 










































Four solid tee castings made 
in the same mold; two made with 
insulated risers (2-P and 4-P) and 


Fig. 19 


sand (1-S and 3-S). 


two made in 


“G” bronze; pouring temperature 
1150° C. (2100° F.) 


was used at the light section but the 


casting was made with insulating 
sleeves around the riser and with 
insulating powder on top, as the 


photograph indicates. 



























































SAND 
SPECI-| TENSILE | PERCENT 
MEN |STRENGTH] ELONG. 
NO. PSI. IN 2" 
; 33,080] 23.4 
ne oun 
3 28,500} 19.5 
4 | 35,220] 25.8 
5 18, 250 5.5 
S 32,100 | 23.4 
7 14,400 7.0 
ee a 
9 | 35,400| 322 
10 39.400/ 515 

















* Broken during machining 


TABLE 2 


Fig. 20—Sketch of solid tee casting showing location of test specimens and test 


values; Table 1, insulated riser; Table 2, uninsulated riser. 












Fiz. 21 (left)—-Etched section of solid tee casting made 
in sand with uninsulated riser; broken grain pattern is 
indicative of shrinkage. “G” bronze; pouring temperature 
1150°C. (2100° F.). Fig. 22 (right)—Radiograph of 


section shown in Fig. 21. Casting unsound 
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Fig. 23 (left)—Etched section of solid tee ca 
with insulated nser. “G” bronze; pouring 
1150° C. (2100° F.). Fig. 24 (right Rad 


section shown in Fig. 23. Casting sour 





ink * 


Fig. 25—-Solid tee castings made in sand showing relative sizes of riser 

needed to produce a sound casting with and without insulation. Man- 

ganese bronze; pouring temperature 1000° C. (1830° F.). Total weight 
of A—35 lb., B—21% Ib. 
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sectton of 


S 


srain pattern 


i 


the casting and 
f shrinkage; sand 
1 risers. “G” bronze; 


0° ¢ 2100° F. 


Fig. 28 (right Gear blank 

casting of Fig. 26; total 

weight 122% Ib., casting 
weight 50, lb 





Etched section of gear 
he clearly defined grain pat- 
indicative of proper direc- 
lidification; sand cast; in- 
risers. “G” bronze; pouring 


ature 1150° C. (2100° F.). 


Fig. 30 (right)—Mold for 

casting of Fig. 29 showing 

location of chills in drag 

and insulated riser sleeves 
in cope. 


Fig. 31 (left) Gear blank 

casting of Fig. 29; weight 

of casting 552 lb., total 
weight 87 lb. 
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Fig. 33—« 

showing 
Fig. 32—-Mold for valve casting show- sleeves 
ing core and location of risers. 


Fig. 34—Valve casting 
made with insulated 
risers. “G” bronze; 
pou ring tem perature 


1150° C. (2100° F:). 








Fig. 35—Sections taken from valve castings; sections A and C are from valve 

castings, insulated risers; sections B and D from a casting made without insula- 

tion around risers; note porosity of B and D compared with soundness of A 
and C. “G” bronze; pouring temperature 1150° C. (2100° F.). 
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ranese bronze gear 
th A—insulated ris- 
ninsulated risers; cast- 
55 lb., total weight of 
il weight of B-—119 lb. 


Fie. 39—Manganese bronze ring 
sting showing small insulated blind 
risers. 


Fig. 37—Manganese bronze gear 
blank made with two large unin- 
sulated risers. 


Fig. 40—Globe valve casting; “G” 
bronze; made with uninsulated ris- 
ers. Total weight—72 lb. 


Fig. 38—Comparison of two similar 

manganese bronze castings made 

with A—insulated risers, and B— 
uninsulated risers. 


Fig. 41—Globe valve casting; “G” 
bronze; made with insulated blind 
risers. Total weight—55 lb. 





Fig, 42 (right )—Shop casting show- 


ng molding method; “G” bronze. 


Sectioned shop casting 
made with plaster cores and insulated 
nser in a sand mold and showing 


soundness. 


1 at 1150° C. 


“G” bronze; 


(2100° F.). 











Fig. 44—Sectioned shop casting 
made with plaster cores and unin- 
sulated riser in a sand mold and 
showing the effect of atmospheric 
pressure. Note shrinkage cavity and 
broken grain pattern. “G” bronze; 
poured at 1150° C. (2100° F.). 














examination a 


By careful 
small pinpoint cavity of shrinkage 


very 


is evident in the heavy corner sec- 
tion, but the casting is very nearly 
sound and feeding is almost ade- 
quate even though no pad was used 
on the thin end section. The insulat- 
ing effect of the sleeves extends far 
enough to cause the thin section to 
remain sufficiently 
nearly feed the shrinkage in the 
heavy section. The absence of any 
trace of secondary shrinkage in the 
riser and the flatness of the top are 


open long to 


very important features of risers cast 
in gypsum insulators. 





SAND 





PERCENT 
ELONG. 
IN 2 


TENSILE 
STRENGTH 
PS. 





73,250] 328 





72,750] 26.8 





74,150 35.9 





71,750} 24.2 





67,250 15.7 





65,500 14.8 





66,000 14.8 











73,250} 28.1 














TABLE 3 


The risers of Figs. 8, 9, and 10 
were filled to the same height origi- 
nally, but the final riser height of 
the insulated riser of Fig. 10 is 3%- 
in. shorter than the others. This 
indicates that the metal in insulated 
risers settles as a molten body and 
does not freeze along the walls as 
in the case of sand risers. 

The significance of this is very im- 
portant as it means that all the molt- 
en metal in the riser is available for 
feeding over a greatly extended per- 
iod of time, whereas with the riser 
in sand, a late feed demand within 
the casting must be accommodated 
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Fig. 45 (left Flange 
made with uninsulat: 
flange and insulated 
flange. Manganese b 
temperature 1000° ( 


by metal draining fro 
part of the riser. Th 
thermocouple experin 
discussed indicate also | 
metal in sand risers j; 
less effective than in in 
Figure 11 shows 
which the riser size was 
most to a minimum by 
gypsum sleeve and neck 
facilitate removal from 
An insulating pad was 
thin section. Made in this way # 
casting is sound, the riser is eas) 
removed, and the amount of riser 
small. No attemp 
made to develop optimum gatin: 
conditions. The technique shown 
not recommended as best 


metal is 


and al 
number of gating systems could ha 
been used just as readily 
The castings of Fig. 12 ar 

manganese bronze 
by pouring the molten metal direct. 
ly into the risers. The castings wer 
poured vertically as shown. Th 
casting at the left in Fig. 12 (weight 
181% lb.) was made in a sand mold 
with the riser in sand and the on 
at the right (weight 131 lb.) ina 


and were mad 





PLASTER 

TENSILE | PERCENT 

STRENGTH 
P.S.1 


72,250 
74,000 
74,200 
73,750 
63,750 
72,200 


70,250 | 20.5 _| 
| 
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TABLE + 


Fig. 46—Sketch of flanged pipe casting showing location of test specimens. Table 


9 


J- 


-uninsulated riser, Table 4 


insulated riser. 
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Flanged pipe cast- 
sulated riser on left 


a Sar lated riser on right 
pans* * nze; pouring tem- 
“a C. (2100° F. 









the riser insulated. 
ndary shrinkage evi- 
uninsulated riser it 
been made material- 
hout producing a de- 
ndness in the casting. 


The s 1 test casting chosen 
ye ’ shown in Figs. 13 and 
' Because of the compact mass 

shar ternal corners such a 


y is difficult to make 











pe foundry unless extremely 

ve ris are used. The sketch, 
Fic 14. gives the details of the cast- 
ng, gate and insulated riser. 

Figures 15 to 18, inclusive, are 
shotographs of sections of solid tee 
astings made as indicated. Several 
very interesting and important met- 
Jlurgical and foundry principles 





are evident from these illustrations 
For example, the effect of atmos- 
oheric pressure is clearly shown in 
Fig. 15. The riser, being too small 
and uninsulated, froze prematurely 
it the neck and could not supply 
molten metal to feed the shrinkage 
taking place in the casting. 











As a result a partial vacuum was 
reated within the casting, setting 
p a difference in pressure between 












SAND 


SPECI-|} TENSILE | PERCENT 
MEN |STRENGTH] ELONG. 
PSI. iN 2" 


26,800 15.7 
18,300 7.8 
23,100 9.4 
42,500] 40.6 
41,950] 42.2 
41,200} 35.2 
39,550; 31.2 
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"Broken during machining 


TABLE 5 
















the inside and outside of the cast- 
ing which exceeded the strength of 
the solidified skin of metal, and the 
walls were forced inward at the in- 
ternal corners. The extensive tear is 
actually caused by this condition, 
and if the casting were thoroughly 
sectioned and examined it would be 
likely that filaments of the tear ac- 
tually reached through the solid 
wall and made contact between the 
inside cavity and the atmosphere. 
The casting shown in Fig. .6 was 
made identically with that of Fig. 15 
with the exception of a gypsum 
sleeve around the riser and pow- 
dered gypsum on top of the riser. 
Both castings were made of man- 





















tions were etched 
:1 nitric acid and water, in order 
to shown the typical shrinkage at 
the internal corners of the casting 
made without insulating 
the riser. The interdendritic type of 
shrinkage in tin bronzes is not read- 
ily apparent to the eye on polished 
unless they are etched, 
whereas the piping type of shrink- 


1830° F.). 










ganese bronze which was poured at 


Figures 17 and 18 show castings 
made in, the same way as those of 
Figs. 15 and 16 except that compo- 
“G” bronze was used. The sec- 
in a solution of 


age in manganese bronze is clearly 








PLASTER 





SPECI-| TENSILE 
STRENGTH 


P.S:1. 


PERCENT 
ELONG. 
IN 2" 





37,700 





$3.1 























2 33,800 23.4 
3 36,600] 25.8 
4 33,100 | 23.4 
5 43,000} 48.5 
6 42,600 | 44.5 
7 46,100 | 49.1 
8 





44,600 








52.3 














TABLE 6 


Fig. 48—Sketch of flanged pipe casting showing location of test specimens. Table 
5—uninsulated riser, Table 6—insulated riser. 
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The broken, undefined grain seen 
at the internal corners (Fig. 17) de- 
picts shrinkage, and the slight cav- 
ing in of the corners again shows 
the effect of atmospheric pressure 
acting on a low density area. The 
risers of the two manganese bronze 
castings (Figs. 15 and 16) originally 
were poured to the same height. 

As in the instance previously dis- 
cussed, the metal in the insulated 
riser has settled down as a body and 
no secondary shrinkage is present. 
This same phenomenon is shown in 
a somewhat lesser degree in a com- 
parison of Figs. 17 and 18. 

Figure 19 is a photograph of four 
identical castings made in the same 
mold to insure as nearly as possible 
identical pouring conditions. Two of 
the castings were made with insu- 
lated risers and two were not. The 
metal used to pour these castings 
was composition “G” bronze (88 
Cu, 9 Sn, 3 Zn). 

Poured at 1150° C. (2100° F.) 


one pair of castings was used to 


study physical properties by cutting 
blanks for tensile specimens from 
the positions shown in the sketch in 
Fig. 20. The results of this compari- 
son are shown in the Tables 1 and 
2 on either side of Fig. 20, and the 
casting made with the insulated 
riser proved superior in soundness, 
as shown by the tensile properties. 

The other two castings were sec- 
tioned and a ¥-in. thick slab was 
removed transversely from the cen- 
ter of each. This thin slab was radio, 
graphed and later etched to show 
relative soundness. The results are 
shown in Figs. 21 to 24, inclusive, 
which are self-explanatory. To the 
casual observer the macrostructure 
shown in Fig. 21 might not be par- 
ticularly disturbing because the 
shrinkage is not evident as exten- 
sive voids. 

However, the radiograph of Fig. 
22 shows the defect in its true light. 
Adequate feeding is not present. No 
insulation of any type was used on 
this riser. The casting of Figs. 23 






Fig. 49—Sketch of st. 
ing dimensions and ; 
ing tests (Figs. 49 





and 24 is sound and 
ous areas when etc! Or 
graphed. Again mu ionif 
can be given the metallur 
foundry principles displayed 

The broken, poorly defined o 
of the casting shown in Fig 1 i 
proved by the radiograph of Fig . 
to be indicative of |ow Pray 
whereas the larger, clearly defined 
clean grain of Fig. 23 is indicat. 
of sound metal. It is interesting re 
due to rapid dissipation of hea by 
radiation, the grain structure jn th 
upper part of the riser in Fig. 2} %; 
dicates the metal in this area to b 
sound with a porous region beneat} 

The importance of studying thy 
soundness of castings by x-raying 
thin slabs removed 
cannot be emphasized 
strongly. It is safe to say that 
x-ray taken through the entire 
ing of Fig. 21 would not have show: 
too clearly the extent of the void 


X-ray pictures taken normal to thy 


if 


main plane of a defect do not show 







he 





from critica 
areas 

























































































Fig. 50—Section of step casting 
showing gas porosity is asting 
skin on uninsulated side, icating 
slower skin formation re n m- 
sulated side allowing gas =. 

ratur 


“G” bronze; pouring ¢: 


1150° C. (2100° I 
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¢ n of step casting; 
ininsulated; left side in- 
Brinell hardness survey in- 
ht difference in hardness 
left; etched to show 

“G” bronze; pouring 


ture 1150° C. (2100° F.). 


defect in its more serious as- 


Measured under such conditions 
ctual magnitude of the defect 
y equal only about 3 per cent of 
total thickness of the casting, an 
unt which approaches the lower 
t of sensitivity of film. However, 
in section cut transversely across 
insound area presents a maxi- 
percentage of defective metal 
the x-ray to reveal and maxi- 
sensitivity is obtained. 


It is true that in this sense radiog- 


becomes a destructive rather 
non-destructive test, and the 


technique could not be used for 
routine inspection. However, it can 
be used to great advantage as a re- 
search tool and as a means for criti- 
cally inspecting pilot castings. 


The casting of Fig. 25/A) weighed 
35 Ib. as cast and shows the solid 
tee-block casting of manganese 
bronze made sound by using the 
smallest possible riser without the 
aid of insulation. A smaller riser 
caused the secondary shrinkage to 
reach into the casting. Figure 25/B) 
shows the same casting made sound 
with an insulated riser of greatly 
reduced size. The casting weighed 
2134 lb. 

In the various experiments no at- 
tempt was made to determine the 
effect of riser design upon the rela- 
tive feeding efficiencies of uninsulat- 
ed risers. Improvements in the de- 
sign of uninsulated risers would also 
improve the behavior of insulated 
risers, and this should be a subject 
for independent investigation. The 
straight-sided riser is certainly not 
the optimum design. 

Several shop castings of a miscel- 
laneous nature made in the foundry 
during the progress of the experi- 
mental work indicated the practical 
significance of the development. 
These castings are of sufficient in- 
terest for detailed discussion. 

The tin bronze gear blank shown 
in Fig. 28 is of 10-in. diameter and 
the finished casting weighed approx- 
imately 501% lb. after the risers had 
been removed. The mold for this 
casting made with uninsulated ris- 
ers is shown in Fig. 27. Round chills 
were placed as shown in the drag. 
Several attempts to make the cast- 
ing with fewer and smaller risers 
failed, and even with the arrange- 


ment shown, a slight amount of 


shrinkage was found when thin 








Fig. 52—Section of step casting 
made and tested same as in Fig. 49 
and showing same relative proper- 
ties. Manganese bronze; pouring 
temperature 1000° C. (1830° F.). 


transverse slabs were cut from sev- 
eral positions and radiographed. 

The macrostructure shown, in Fig. 
26 is again typical of castings made 
with uninsulated risers. The fine- 
grained structure immediately above 
the chills is caused by a different 
phenomenon than that which causes 
the apparently fine grain in imper- 
fectly fed sections, and is sound 
where the latter is not. 

The method used for making this 
casting with insulated risers is shown 


Fig. 53 (left)—Assortment of riser 
sleeve mold forms used to make in- 
sulated riser sleeves. Fig. 54 (right) 
Assembled mold forms for making 
insulated riser sleeves. 








Fig. 55 


Fig. J/ 


Fig. 59 


in Figs. 27 and 28. Figure 29 shows 
the clean, well defined structure 
with the grains progressively larger 
toward the riser, indicative of sound 
tin bronze, and x-ray examination 
revealed a completely sound casting. 

Both castings, however, appeared 
to be sound when tested non-de- 
structively by x-ray examination of 
the whole casting. Figure 30 shows 
the insulated riser sleeves in place 
and Fig. 31 shows the casting. Three 
risers were used in this case as com- 


Brushing separating agent on mold form. 


Hand mixing gypsum and wate 
a smooth, lump-free slurry. 


Fig. 5 


Fig. 58 


Weighing gypsum for plaster slurry. 


r to form 


Fig. 


pared with four in the former. 

A particularly interesting develop- 
ment is shown in Figs. 32 to 35, in- 
clusive. The casting shown in Fig. 
34 is a “G” bronze valve which has 
been extremely troublesome in pro- 
duction at the Norfolk Navy Yard. 
A cooperative project was arranged 
to determine if the use of insulated 
risers would improve the soundness 
of this critical casting and reduce 
the number of castings rejected after 
pressure testing. 
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PlasTea 


Lag, 


6—Weighing water for pla 


Sprinkling weighed gypsum ont 
of weighed water. 


60—Pouring slurry into mold { 


The casting was approxin 
in. long, 8 in. in diameter 
average wall thickness wa 
¥%g-in. in the body and 
the flanges. The experi 
sisted of making two casti! 
taneously without changi! 
inal gating or risering sys 
casting was made with 
placed around the riser, as 
Fig. 33, and powdered 
placed on the metal in 
riser. 
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The other casting was made with 





mpound placed on the metal in 






risers. Photographs of typical 
tions cut from critical parts of 
casting are shown in Fig. 35. 







[he sections designated A and C 





represent the casting made with the 


ilated risers. 






[his casting was sound when in- 





ted by x-ray and did not leak 





routine pressure tests at the 
Norfolk Navy Yard. Of interest is 
ial double riser sleeve made 







modate the two risers of 





size which were placed so 
ther that two individual 
es could not be inserted. 












5 typical castings made to 
the practical advantages of 

ition are shown in Figs. 
inclusive. Figure 36 shows 
previously discussed gear 

ting for purposes of com- 

ith the technique used in 

aking the casting shown in Fig. 
| castings shown in Fig. 36 





8) are of manganese bronze. 
isting A in Fig. 36 was 






off excess plaster before the 
removed from the form. 








rtment of insulating riser sleeves. 


made with 3 insulated risers of 4-in. 
diameter and 4 in. high, “necked 
in” to 3-in. diameter at the casting 
junction. These risers produced a 
perfectly sound casting. The cast- 
ing B in Fig. 36 was cast in the same 
manner except that four uninsulated 
risers were used, each being of 4-in. 
diameter and 6 in. high. 

These risers were inadequate and, 
consequently, at the base of each 
riser atmospheric pressure caused a 
“dish” or pocket in the casting. The 
casting shown in Fig. 37 was of the 
same order of soundness as the one 
made as shown at A of Fig. 36. 

Figure 38 shows a shaft hanger 
casting made (A) with and (B) 
without insulating risers, and Figs. 
40 and 41 show a similar arrange- 
ment with a valve casting. Figure 39 
shows the use of insulated blind ris- 
ers placed above the ring casting. 
This technique supplies adequate 
feed metal without the necessity of 
bringing the riser through to the 
top of the mold. 

Another interesting tin 
casting is shown in Fig. 42. It was 


bronze 


Plactr 
















7 the oreen plaster sleeves 17 wen 


for drying before use 


| Seat 





necessary to make the surfaces of 
the cored parts of the casting sufh- 
ciently smooth to provide a sliding 
fit for another part without benefit 
of machining or grinding. The sur- 
faces of non-ferrous castings made 
previously in gypsum were extreme- 
ly smooth and indicated the possi- 
bility of using it as a core material. 

The casting shown in section as 
Fig. 44 was made with gypsum cores 
The riser and outside of the cast- 
ing were molded in, ordinary sand 
The unetched section of Fig. 44 is 
particularly interesting as it shows 
how the riser froze over at the top 
due to radiation and how atmos- 
pheric pressure broke through the 
skin of the casting beneath the riser 
to relieve the partial vacuum devel- 
oped due to shrinkage inside the 
riser. 

The gypsum cores conducted heat 
less readily than the sand and all 
surfaces next to the sand froze first 
The hot spot was located beneath 
the riser instead of at the top of the 
riser where it should have been. Fig- 
ure 43 shows the casting made with 
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gypsum and insulated riser, 
the outside of the casting proper be- 
ing in sand. The riser in this case is 
excessive. In spite of the difference 


cores 


in grain structure between the cast- 
ings of Figs. 43 and 44, the com- 
position and pouring temperature 


of the metal are the same for each. 


Flange Fittings 

Figures 45 and 47 present photo- 
graphs of flanged fittings made of 
manganese bronze and composition 
“G,” and physical properties ob- 
tained from specimens cut from the 
castings in the locations shown in 
the sketch of Figs. 46 and 48. 

The results are self-explanatory 
and no attempt is made to expand 
upon their significance as too few 
such tests were made to be conclu- 
sive. However, it is interesting to 
note that the large difference in the 
the ‘“G” 
bronze casting the light 
pipe section and the heavy flange 
section is reduced when insulation is 


physical properties of 


between 


used on the risers. 

The sketch of Fig. 49 shows how 
the step castings of Fig. 50, 51, and 
92 were made. As shown, one side 
was insulated and the other was not. 
The metal used to pour the com- 
position “G” bronze casting of Fig. 
90 was not properly deoxidized and 
was gassy. 

It is interesting to note that in 
spite of this, the section of casting 
adjacent to the insulation was sound. 
Evidently solidification retard- 
ed sufficiently to allow the gas to 
escape. The unsoundness of the cast- 
ings next to the sand is often found 
in “G” bronze castings not properly 
degassified. The “G” and manga- 
nese bronze castings of Figs. 51 and 
52, respectively, were sectioned, 
etched, and tested for hardness as 
indicated. 

The hardness was uniform through- 
out, although one side _ solidified 
against a sand surface and the other 
was insulated. Large risers were used 
above the largest section in each 
case and feeding was adequate. The 


the 


was 


hardnesses are approximately 


same as for sand castings. 


Conclusions 
The information presented in this 
report permits the following conclu- 
sions :o be drawn: 
a. Controlled directional solidifi- 
cation is essential to the manufac- 
ture of sound non-ferrous castings. 


This can best be obtained by care- 
ful attention to gating and risering 
practices. 

b. The interdendritic shrinkage 
of “G” bronze and the gross shrink- 
manganese bronze have a 
similar origin—lack of sufficient 
feeding—which can be corrected by 
proper control over the temperature 
gradients within the solidifying cast- 


age of 


ing. 

c. Atmospheric pressure operates 
to the advantage or disadvantage of 
casting soundness in non-ferrous 
metals to fully as great an extent as 
it does in steel, and the principles 
of operation are identical. Whether 
good or poor castings result depends 
upon, how well this important found- 
ry tool is understood and applied. 
Theories and techniques have al- 
ready been worked out by steel 
foundrymen and should be carefully 
studied by non-ferrous foundrymen 
interested in improving their prac- 
tices. Although fundamental princi- 
ples apply similarly to all metals, 
techniques vary somewhat. 

d. The x-ray is a powerful tool 
in revealing unsoundness in non- 
ferrous castings which is not read- 
ily apparent by other testing meth- 
ods. X-ray studies of thin, transverse 
sections cut from pilot or test cast- 
ings will do much to improve gating 
and risering practices if careful at- 
tention is paid to the radiographs. 

e. Low density areas in non-fer- 
rous castings are revealed on pol- 
ished and etched cross sections by 
a broken, poorly defined grain, pat- 
tern, usually surrounded by an area 
of larger clear-cut grains. The 
shrinkage then can be verified by 
x-rays of thin, transverse sections cut 
from the area. 

f. A study of transverse x-rays can 
be used to indicate the reason for 
leakage in non-ferrous pressure cast- 
ings. Improperly fed castings, par- 
ticularly in “G” bronze, usually will 
show an extensive low density area 
surrounded by a relatively small 
amount of sound metal. The out- 
side sound portions often are re- 
moved by machining and leakage 
takes place through the filamentary 
shrinkage voids. 

g. It is possible that the major 
portion of rejects of non-ferrous 
castings are a direct result of inade- 
quate feeding rather than the many 
other variables often blamed. 


h. The feeding range and effi- 


INSULATING Paps Any 
ciency of risers wh 
according to 
practices are limite: 
ably less effective th 
pected. These limit 
cause the molding sa 


used 


risers is a relatively 
of heat and because 
by radiation to the ai 
are not covered with 
insulation. 

i. It has been four 
greatly the 
ciency of risers by insu 
and by using insulating 
sections when it is nec: 
through thin sections to ; 
ier sections beyond. Gypsum. w) 
used in the manner descrily d ir F 
Appendix, has been found 
efficient insulator, economi 
easy to fabricate into 
shape. Gypsum powder is 


increase 


as an insulator by sprink! 
the top of open risers. 
Advantages of 
foundrymen which result 
use of insulating pads 
sleeves are as follows: 


importar 


A. Sounder castings. (1) This 
the result of the metal in the rise: 
remaining molten until long after 
the casting has solidified. (2) B 
use of the pads on thin sections t! 
feeding range of risers is increased 

B. Increased yield. (1 e riser 
volume can be reduced by as mu 
as 75 per cent in certain cases. Th 
contact between riser and castir 
can be materially reduced. (2) Th 
results in a markedly greater num- 
ber of castings per ladle of metal 

C. Reduced 
Removal of risers 
handling are _ simplified 
smaller and often fewer risers are 
required. Also, the contact betwee 
riser and casting can be reduced t 
the point where the risers may b 
removed with a hammer blow 


; 


cleaning 
and materials 
because 


Disadvantages are: 

A. Cost of preparing a 
the insulators. (1) This is 
as the materials are cheap 
to handle. (2) Nothing is 
pensive than an unsound casting 

B. Possibility of contan n 
sand. (1) This can be prevented t 
a large extent by removins 
der and sleeves prior to 
out, or by making the pre! 
pieces strong enough to r 
ing up during the shake-o' 


pow- 
shake- 
icated 
break- 


o that 
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Appendix 


used in making the 






ind riser sleeves dis- 





eport was gypsum. A 





other materials suit- 
ivailable and several 
none was superior 







nsulating quality, gen- 
fabrication, and 
erest is mainly in de- 






cost. 





theory and practical 





. given, foundry proc- 
dure, no attempt 
ill possible materials 





was 






new materials, partic- 





eypsum proved so sat- 






Several different grades of gyp- 





vailable for special pur- 
nd the type marketed for use 
sting was used for the 
described in this report. This 
lar grade has been developed 








lly for use as molding ma- 
in making 
superior surface appearance 





non-ferrous cast- 






tolerances. It is essen- 
calcined gyp- 
added 


er cent of fibrous material. 





ter of paris 





which has been 






[he procedure for making riser 
nd insulating pads with gyp- 
products is illustrated in Figs. 
64, inclusive. Here are de- 

| various steps in the order of 
although 
be necessary or beneficial 








irrence, varia- 








tice of individual shops. 


Method of Mixing 


number of 





shows a 





ugs and a wooden mold 

iny one of the plugs may 

to make either blind or 

Che plugs on the left 

to form blind risers and 

n on the right make open 

nsers ne of which are used as 

ked-down” riser sleeves. 















Assembled mold forms are shown 


in Fig. 54. The mold forms must be 
coated with a separating agent be- 
fore the plaster slurry is poured into 
them, and this is illustrated in Fig 
55. The separating agent is a water- 
and usually is 


repellant coating, 


brushed on the mold but may in 
some cases be sprayed 

Figures 56 and 57 show watet 
and gypsum being weighed to the 
proper proportions to give what is 
termed a 160 consistency. It will be 
found after little experience that the 
best and most practical way to mix 
the slurry is to sprinkle the gypsum 
on top of the water, as shown in 
Fig. 58, and allow it to settle or soak 
for approximately 2 


hand mixing. 


min. before 

Figure 59 shows a batch of slurry 
being hand mixed until it is of a 
lump-free, creamy consistency. After 
the slurry starts to cream or thicken 
it is poured into the riser sleeve 
form, or into a block form for use 
Fig. 60). The 
plaster slurry becomes a solid mass 
after it is 


as insulating pads 
approximately 15 min. 
mixed, and any excess, as shown in 
Fig. 61, can be struck off even with 
the top of the form with a piece of 
flat metal or wood. 

If the mold is properly coated 
with a separating agent, the “set” 
plaster sleeve will be easily removed 
from the form by a few gentle raps 
to break a vacuum which tends to 
form between plaster and mold sur- 
faces. This is shown in Fig. 62. 
Various sizes and shapes of open 
riser sleeves are shown in Fig. 63, 
and Fig. 64 shows a number of 
green slabs of plaster as well as sev- 
eral riser sleeves ready to be dried 
in an oven before being used in the 
production of castings. 


Plaster Consistency 

Some explanation may be in order 
at this point to clarify the meaning 
of the term consistency. The word 
consistency as it is used in this re- 
port means the plaster to water ratio 
used in making insulating 
and pads. A 160 consistency which 
is used for all the sleeves and pads 
in this report means 160 Ib. of water 
to 100 Ib. of metal casting plaster 
When the plaster to water ratio is 
maintained at or close to the 160 
consistency, little if any cracking of 
will occur during the 


sleeves 


the sleeves 
operation of oven drying the sleeves. 
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If the dried sleeves are too soft 
and fragile for practical use, it may 
be desirable to make an addition of 
portland cement to the dry gypsum 
before it is added to the water. It 
has been found that 20 per cent of 
portland cement by weight added to 
the dry gypsum will substantially in- 
strength of 


crease the mechani al 


the dried sleeve with little or no 


effect on its insulating quality 


Drying Methods 


Sleeves and insulating pads made 
of gypsum products must be dried 
before they are used in molding op- 
erations. The temperature that has 
been found to be satisfactory is from 
100 to 1200° F 


essary to dry a given sleeve or pad 


and the time nec- 


will depend upon the drying tem- 
perature. 

If the higher range 
faster 


temperature 
is utilized for drying, a cer- 
tain degree of cracking can be ex- 
per ted if the sleeves are removed 
from the furnace and air cooled to 
room temperature; however, slight 
cracks have no noticeable effect on 
the insulating qualities of the sleeves 
but do weaken them somewhat me- 
chanically 

Several 


separating 


satisfactory parting or 


agents have been suc- 


cessfully used, such as stearic acid, 
petroleum jelly, light lubricating oil, 
lard oil, etc. An emulsion of granu- 
lated soap, water, and light lubri- 
cating oil, 40 per cent, 30 per cent, 
and 30 per cent, respec tively, by vol- 
ume also works well as a mold form 
coating. 
Several 
paris have been tested and found to 
work very well as insulating mate- 


rials for riser sleeves and pads if a 


variations of plaster of 


few precautions are observed. In us- 
ing 100 per cent plaster of paris 
it is necessary to keep the slurry in 
suspension until creaming or thick- 
ening has started, to prevent a set- 
tline action from occurring which 
will produce a dense, hard structure 
on the bottom of a riser sleeve and 
a porous, weak structure at the top 

An accelerator can be used to 
speed up the “set” of the plaster, 
thereby decreasing the time of “set 
Approximately 1/2 per cent of terra 
alba is a good proportion of acceler- 


” 


ator to dry material. 
Various materials, such as short- 
vermiculite ex- 


fibered asbestos, 


panded mica), moldene or its equiv- 
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alent, diatomaceous earth, and other 


such materials which will absorb 


water can be used satisfactorily with 


plaster of paris to insure uniform 


texture in the finished sleeves. 
The metal compositions used for 
the illustrated in this report 


were as follows: 


tests 


Composition 
“G” Bronze, 
percent 
88 Copper 
9 Tin 
3 Zinc 


Manganese 
Bronze, 
per cent 

58.0 Copper 
38.5 Zinc 
1.0 Iron 


1.0 Aluminum 


0.75 Manganese 


0.75 Tin 
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DISCUSSION 


Chairman: G. K. Drewer, Rogers Pat- 
tern & Foundry Co., Los Angeles. 
Dr. B. M. Lortinc' (written 
Che insulation of risers probably 


discus- 
ston 
will be much more widely used for many 
alloys other than bronzes when improve- 
ments are made in the technique of in- 
sulation. Materials having greater re- 
sistance to high temperature and greater 
ease of fabrication into sleeves will have 
to be developed. 

It might be mentioned that in the 
1943-44 Proceedings of the Institute of 
British Foundrymen, Vol. 37, page B26, 
the use of asbestos paper for riser sleeves 
of magnesium castings is advocated. The 
insulation of risers by this means accord- 
ing to the I.B.F. Proceedings, was origi- 
nated in Germany several years before. 
The asbestos paper is easily cut to size 
and may be stapled together in cylindri- 
cal shapes. 


For manganese bronze, three or four 
thicknesses of the paper 1/32 
in. thick are probably necessary for small 
or medium sized risers. The cost of the 
excessive, and 
be in- 


asbestos 


paper per sq. yd. is not 
several risers of average size may 
sulated with this material. 
Asbestos paper has been in use for some 
material in some 
United 


amount of 


insulating 
foundries in the 


time as an 

magnesium 

States. 
There 


it cannot be 


why 
cast- 


to be few reasons 


copper 


appear 
used for base 
ings of pouring temperatures like manga- 
nese bronze, provided a simple protective 
treatment of the paper is employed. This 
is only one example of another insulating 
material which might have wider appli- 
cation 

G. E. Datsey*: These gypsum liners 
are fragile and the molder does not like 
to handle chinaware. They also have a 
tendency to pick up moisture when 
placed in the mold and allowed to stand 
for some time prior to pouring the molten 
metal into the mold, do they not? In 
spite of these difficulties it is economical 
to use the insulated riser sleeve in many 
cases 

Mr. WICK: 
moisture on standing 

Mr. Da.Bey: It would be possible to 
coat them with a water repellent. Would 
stearic acid help? 

Mr. Wick: Whether the stearic acid 
would do more harm than the moisture 
pickup I do not know. We found the 
moisture risers pick up from the mold 
does not affect the casting. We did 
notice the boiling action which seems to 
help feeding rather than to hinder it. 
The boiling action seems to help the 
metal to feed and form a 
more solid casting, especially in G-bronze. 

As far as the breakage of these sleeves 
is concerned, they strengthened 
so they can be rammed up into the mold 
rammer. That is, you can 
with an air rammer, 
them with 20 
and 40 per 


They do tend to pick up 


downward 


can be 


with an air 
not hit the risers 
can strengthen 
per cent Portland cement 
cent short fiber asbestos. 

H. F. Taytor®: The general principle 
presented here is not new. We do not 
mean to imply that we have anything 
radically novel but to emphasize the way 
in which an old principle can be used 
to make sound castings. We are par- 
ticularly interested not in selling gypsum, 
but in getting across a theory of solidi- 
fication. 

There are a great many insulators that 
can be used, such as shredded asbestos 
or the insulating material that is used to 
cover hot water pipes. There are prob- 
ably 20 or 30 such different materials. 
At the Dodge Chicago plant in casting 
magnesium they have been using asbestos 
paper for as long in this country as it 
has been used in England. So there are 
a great number of ways in which you 
could insulate a riser, 

Dr. Loring made the statement that 
simpler methods of insulation would have 
to be developed. Actually, manufactur- 
ing these sleeves is not troublesome. It 


but you 


INSULATING PAps ANp 


is a simple thing to « 
used at the Nav 
and also at Cramp B: 
preparing these sleeves 
be a hindrance to the 
principle. What you 
with is unimportant 
the practice is important 
MEMBER: We hay 
risers for a number of 
terested in Dr. Loring 
the simple protective 
asbestos paper would 
lems. I am interested 
that simple protective 
Dr. Lortnc: Perhaps 
for the A.F.A. paper ne 


be ready to tell you at 


was 


CHAIRMAN DREHER: | 
plications of the theory 
to interest many foundr 
ing of feeding metal and 
cient use of the feeding 
have left is a problem tl 
passed off lightly. It costs 
metal. Cost varies from 
lb. up to 3 cents per lb. If 
10 lb. in a 
30 cents to pay for the ext 
this plaster involves. That 
There are more ext: 
that in some of your res« 


riser, you hav 


case. 


How large a casting hav 
in your research work? 
Brinson can supplement y 
some statement as to the 
he has made. 

S. W. Brinson‘: We hav 
ings up to about 8 in. in 

CHAIRMAN DREHER: Yo 
risers up to 8 in. in diamet 
sleeves? 

E. D. Boyie*®: We hav 
process the authors worked out, 
encountered considerable diffi 
tamination and I do not think 
one making castings commer 
handle this procedure corr 


Puget Sound we have taken a blind: 
and fed molten steel into the blind : 


We use a type of plaster Paris { 
insulation and go down about a ! 
into the top of the riser and | 
satisfactory results. We use it 
aluminum and bronze castings 
even cut down the shrinkag« 
ings. 

Mr. Taytor: I would lik 
Mr. Boyle that it is being dor 
ically and efficiently. 

Mr. Wick: I would like 
Boyle if he could give us a d 
of what trouble the contan 
caused in his castings? Son 
he could definitely trace bach 
tamination. 

Mr. Boye: I am prepa! 
nical paper on that point 
and will shortly submit it fo: 

1Naval Research Laboratory, Wa 

2U. S. Navy, Mare Island, Navy 
Calif. 

®Massachusetts Institute of Te 
bridge, Mass. 

‘U. S. Naval Shipyard, Portsm« 

SPuget Sound Navy Yard, Bren 











ATMOSPHERIC AND WASHBURN 


RISERS 





, Proper selection and use of risers results in sound 
castings and effects operating economies, particu- 


larly in the casting cleaning room. 


Presented at a Steel 


Session, Fiftieth Annual Meeting of American Foundry- 
men's Association, May 10, 1946, at Cleveland. 
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neral Foundry Superintendent 
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Bettendorf, lowa 


and 
ive been the subject of 
steel 
th which the author is 
It is felt, however, that 

articularly the atmos- 


28 atmospheric 


interest in the 


may still be largely in 
ntal stage. Most of the 
d on in this plant with 


spheric riser has also uti- 
raphite rod. 

ther this 

ospheric riser or not may 


method represents 


to some question. In addi- 
considerable experimen- 
been conducted utilizing 
W il lams 


ns core, and the results 
have been excellent. 


riser, when the metal is poured into 
the mold and fills the blind riser, it 


begins to freeze from the outside 
surfaces in contact with the mold 
toward the center of the riser. 


Should the 
rapid, little feeding to the casting 


freezing rate be too 


will be realized unless the riser is 
very large or some other agent is 


utilized to prevent the riser from 
With a Williams 


placed in the proper location in the 


freezing. core 
riser, the metal within the riser is 


subject to atmospheric pressure, 


thereby eliminating the _ establish- 
ment of a partial vacuum within thi 
riser as the metal begins to solidify 
the core acting as a passageway Io! 
the ingress of air. 


The 


core 


Williams 
diagrammatically 


blind riser with 
inserted is 
shown in a section through a mold 
in Fig. 1. 

Thus, with atmospheric pressure 
within the riser rather than a par- 
metal is 


tial vacuum, the molten 


Several advantages are obtainable 


in using a Williams core. This type 
of core can be made in a “gang” 
core box, which may either be blown 
or rammed, and therefore results in 
With 


care in design, a suitable core print 


a low cost operation some 
may be developed which will be 
applicable to a number of similar 
molding jobs. This again results in 


further economies. Because of its 
simplicity, the Williams core may be 
inserted at the time that the mold 
is being rammed, thereby saving the 
time of setting and nailing the cores 


when the mold is being finished 


Use of Graphite Rods 

Some considerable experience has 
also shown that the utilization of 
graphite rods in blind risers is ad- 
When 
of the correct size is properly lo- 
cated 
riser, the pipe or shrink cavity within 


vantageous. a graphite rod 


diameter of the 


across the 


the riser will be shallow and well 











In the case of the atmospheric free to flow and feed the casting. rounded rather than long and taper- 
F Diagram of mold section illustrating use of Fig. 2—Sketch showing use of blind riser with graphite 
blind riser with Williams core. rod and Washburn core. 
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Fig. 3—Typical sections through two 
risers, one of which (above) con- 
tained a graphite rod. 


ing. (The location of the graphite 
rod is diagrammatically shown in 
Fig. 2.) 

A long, tapering, shrinkage cavity 
within the riser may extend to the 
casting proper or, to a lesser degree, 
may cause porosity in the casting 
adja ent to the riser. In other words, 
with the use of the graphite rod, 
the shrinkage cavity will be shaped 
like a carrot, which obviously is not 
desirable for reasons already enumer- 
ated. By changing the shape and 
location of the shrinkage cavity 
within the riser, it is possible to re- 
duce the size of the riser and yet 
obtain a sound casting. 

Figure 3 shows a typical section 
through two risers, one of which 


contained a graphite rod. Atten- 


tion is particularly directed to the 


amount of metal saved in the re- 
duced size of the riser and the 
carbon pickup by the steel 
the graphite rod, as indicated by the 


shown on the 


from 
numerical values 
photographs, 
This change in the character of 
the shrinkage cavity is quite likely 
due to the metal having remained 
in the molten state for a longer 
period of time, permitting more 
efficient feeding of the casting. The 
molten steel in the riser has dis- 
solved carbon from the graphite rod 
freezing 
fluidity 


and thereby lowered its 


temperature, maintaining 
for a greater period of time for the 
feeding of the casting. It is also 
Several sizes and types of 
Washburn cores. 


possible that the hot graphite rod 
may burn to some extent and liber- 
ate a small amount of heat to 
further delay solidification. 

Since graphite has a relatively 
high thermal conductivity and heat 
capacity, the diameter or size of the 
rod and its location in the riser is 
of considerable importance. A rod 
which is too large in diameter will 
cause excessive carbon pickup by 
the steel and result in a high carbon 
area within the casting. 

Secondly, for reasons of economy, 
the graphite rod should not be 
larger than necessary. If the graph- 
ite rod is placed too close to the 
casting, the steel in its immediate 
proximity, always higher in carbon, 
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may cause an obje 
carbon concentration 
itself. A graphite rod 
small, on the 
achieve the desired r 


contra 


stead of yielding a shal 
cavity it will tend tow 
gated or carrot-shaped 
The diameter of the 
is largely one of selectior 
actual experience for ¢ 
lar molding job, and quit 
will vary with the volu: 
within the riser. The ma 
of graphite rods recomm« 
lowing sizes: 
Recommended Graphite Rod Size 


Riser Grapi 
Diameter, in. Diame 


to 3 
3-5 
5-8 
8-12 
12-15 
15-18 
18-20 


The location of a graphit 
relative to the casting is 
erable importance. If too 
will cause a high carbon ar 
the casting, and if not clos 
it will be ineffective in redu 
length or height of the rise: 
graphite producers recommend 
the rod be located a mini 
tance from the top of the rise: 
to approximately one-half tl 
diameter. Experience in th: 
plant has shown that the best 
sults are obtained when it is 
one-third of the height of th 
as measured from the top 























the Washburn riser 

essful in this plant 
standard practice to 
possible. It has paid 
aleable castings and 


juction costs. 


‘ the Washburn Riser 
Th principle of a Wash- 
olves the utilization of 
thin core which con- 
er at the point of at- 
the casting, thereby 
he cost of burning off 
[he advantages of a 
re retained, since the 
its quickly to a rela- 
temperature so as to 

o of the casting. 
Washburn riser core also has 
dvantages in the mold- Fio.6 
It is easily set into the “4 


Same 
be casting shown in 
nailed securely, and the Dg EAB 
nae Fig. 5 except 
rately and uniformly per- 
By comparison, the stand- 


made with 
Washburn risers 
must be rammed hard, ; 

: : which have been 
nailed. rounded off with 

- - knocked off. 
slick or trowel, and finally . 
d. Rarely will two mold- 
in fact, even the same 
ake the same riser identi- 
» successive molds. 


Washburn Riser 
Several steps are involved in mak- 
Washburn riser. An attempt 
nade to describe briefly the 
utilized in the author’s 








T 1 


First, the location of the riser on 
ttern is determined. A frame 
od or modeling clay is then 

iround the spot chosen for 

er, this frame being at least 

in. larger than the size of the 
ser. The frame is then filled with 
ter and given the exact contour 

he pattern. When set, the 

er cast is removed and trimmed 
proper shape so as to provide for 
uit, size and thickness, which 
uld be held to a minimum at the 
oint where the riser joins the cast- 
he minimum thickness or 
the riser is dependent on 
and shape of the riser and 
be approximately 4 in. to 


J 


Fig. 8—Another 
illustration of 
the advantages 

of the 


Washburn riser. 


he plaster print is now placed 
he pattern in its proper location, 
plaster frame about 1% in. 
oured around the outside 
of the print and struck-off 
ith the top of the print. Both 
are then removed, turned 
wn and a plaster core box 
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bottom poured over both, utilizing 
some sort of frame to serve as the 
core box. The outside frames hav- 
ing been trimmed to size, the riser 
is placed in position on the bottom 
core box pattern. 

The three pieces described are 
then sent to the aluminum foundry 
so that castings may be made. After 
the castings are filed smooth, the 
core print is fastened to the pattern 
with screws. The outside portion is 
dowelled to the bottom part of the 
box with four pins which extend 
through the frame to the top of the 
box, thereby serving to carry the 
core print when it is turned over. 

The method outlined for making 
these core boxes is only one of a 
number of methods available where 
the position of the core will not 
afford back draft in the core box. 
Frequently, simple gang dump boxes 
can be used. (Fig. 4 shows a num- 
ber of typical Washburn riser cores. ) 


Washburn Core Mixture 

It is necessary to have good hard 
cores, otherwise the steel will pene- 
trate or burn into the core, making 
the risers difficult to knock off and, 
if large, much more difficult to burn 
off. The particular core mixture 
utilized in the author’s foundry is as 
follows: 


Crude Ottawa Silica Sand, Ib 2,000 
Silica Flour, lb. : ; 3 200 
Cereal Binder, gal. /‘ as 6 
Core Oil, gal. 4 
Moisture, per cent 4.4-4.8 
Permeability 75 
Green Compressive Strength, psi... 3.3 


If there is a tendency for steel to 
penetrate or burn into the core, an 
addition of 100 lb. of silica flour is 
added to the above core mixture, 
making a total of 300 Ib. 


Burning, Chipping, and Cleaning 
On most castings where Wash- 
burn risers have been used, the ris- 
ers may be knocked off easily with 
about three blows of a heavy sledge- 
hammer. This eliminates the neces- 
sity for cleaning or chipping away 
the sand that has burned onto or has 
adhered to the casting before cut- 
ting off the riser with the oxy- 
acetylene torch, since the latter will 
not burn through adhering sand. 
Burning off risers with an oxy- 


acetylene torch is in itself costly and 
particularly difficult where the riser 
is placed on a curved surface. 

After burning off the risers, par- 
ticularly large risers, the casting gen- 
erally is covered with metal and 
slag, necessitating considerable labor 
in removal. Relative advantages of 
the Washburn riser versus the con- 
ventional type riser are clearly por- 
trayed in Figs. 5, 6, 7 and 8. 

A casting on which a Washburn 
riser is used arrives in the cleaning 
room requiring only snag grinding 
and is finished insofar as risers are 
concerned. In any case, a minimum 
amount of burning will be required 
prior to grinding. Thus, when com- 
pared with usual practice where the 
ordinary riser is used, the burner 
either burns too low and gouges the 
casting proper (requiring costly 
welding repairs) or else, to avoid 
this, leaves the riser too high, re- 
quiring costly grinding operations. 

Based upon experience in ‘the 
author’s foundry, it would appear 
that the Washburn riser will reduce 
labor in the cleaning room, a con- 
stant bottleneck in any steel foundry, 
and, in addition, will result in de- 
creased production costs. 


DISCUSSION 


Chairman: C. H. Loris, Battelle 
Memorial Institute, Columbus, Ohio. 

Co-Chairman: J. A. RASSENFOSS, 
American Steel Foundries, East Chicago, 
Ind. 

P. G. De Hurr, Jr.’ (written discus- 
sion): Mr. Jones, in a very interesting 
paper, has pointed out the advantages to 
be obtained by the use of a Washburn 
core and by judicious application of the 
blind riser. However, there are certain 
questions which occurred to me and 
which I believe merit further discussion. 

The first one is, how large a riser can 
be used with the Washburn core and at 
what point, that is, at what diameter of 
riser, will it be necessary to remove the 
riser by burning instead of by knocking 
it off with a sledge. 

Secondly, it would be very interesting 
to know the carbon content of the cast- 
ing proper from which the risers in Fig. 
3 have been taken. It certainly appears 
from Fig. 3 that the one containing the 
graphite rod would most likely have 
raised the carbon content of the casting 
at the point of contact. 

A third point in question is in the use 
of a graphite core extending through the 
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blind riser. I believe tha 
has experimented with 
exothermic compound su 
and iron oxide. This 
placed on the graphite 
localize the heat at that 

Has the author had ar 
the use of such compound 

It is not quite clear t 
the thickness of the Was 
related to the size of the 
like the author to elaborat 
on this matter. 

It is also hard for m« 
it would be possible to bur: 
rod, for it would be more 
there would be very littl 
able to support the combust 
likely the carbon would bc 
form an iron carbide which would ; 
to raise the carbon content of 

H. H. Biosjo’: In Fig 
one riser of 42 Ib. in which \ 
use a graphite rod and anot! 

27 lb. in which you did us g 
rod. I can not see how it would 
sible to obtain 1.40 per ce 

no graphite rod was used 

Mr. Jones: They bot 
graphite rod. 

Mr. BLosjo: It is inco 
paper then. 

Joun Witiiams’: Did yo 
side of the core? 

Mr. Jones: We washed or 
the core only, next to the casting 
think it would have the same effect 
if we had increased the thickness of 
core. 

S. W. Brinson‘: I am a little 
fused and I would like to be straighter 
out. You showed a number of illustr 
tions in which the risers were changed 
Do you mean to infer by using the Was! 
burn core you can cut down the 
of risers on the casting? 

Mr. Jones: No. By using the Was! 
burn core and the same size riser, ! 
some unknown reason we did seem to get 
less shrinkage. 

Mr. Brinson: I noticed in so 
cases you gated in the risers and in so! 
you did not. That is one of the | 
means of obtaining direct solidificat 
by gating into the riser. 

Mr. Jones: That is right. I point 
out wherever possible to increase t 
number of gates so they would be clos 
to the riser when the metal was coming 
into the mold, 

MemBER: How thick was the core 
that 3-in. thick casting? 

Mr. Jones: Do you refer to the 
Washburn riser core? At the point where 
the riser is formed it was about 5/16 in. 
and out toward the end it was over 
in., probably close to ¥% in. 


1Westinghouse Electric Corp., Philadelphia Pa. 

*Minneapolis Electric Steel Castings Uo Min- 
neapolis. 

8Dodge Steel Co., Philadelphia, Pa 

‘Norfolk Navy Yard, Portsmouth, \a 











HEAT TREATING FURNACES 


* Although specifically directed toward the 
metallurgist and engineer, the present paper 
establishes several leads into the more practical 
field of furnace operation. It is hoped to follow 
up with a paper dealing with points of operation 
which will be of particular interest to furnace 


operators. 





Dr. Victor Paschkis 
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ymbia University 


New York 


SELECTION OF FURNACE TYPES 
the heat treatment of castings— 
stress relief, annealing, malleableizing, 
iting for quenching, tempering— 
the responsibility of the metallur- 
t and engineer, to whom this 
per is, in the main, addressed. 
Furnace Classification. Several 
ys for convenient classification of 
it treating furnaces are available. 
One refers to the mechanical design 
f the furnace, another to the source 
f heat or energy, and a third to the 
thod of heat transfer. These three 
ys of classification are briefly re- 
ewed in the following paragraphs. 
Grouped according to mechanical 
lesign, the most commonly used fur- 
nace types in foundry work are the 
llowing: box type, car bottom type, 
elevator type, bell type, and continu- 
us furnaces. Among the latter, con- 
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veyor furnaces, pusher type furnaces, 
walking beam furnaces are exam- 
ples. Figure 1 shows diagrammatic 
sketches of some of these furnace 
types. 

Grouping of furnaces for heat 
treating purposes in foundries may 
be based on the fuel or energy form 
applied. However, the fuel or energy 
form has much less influence on 
quality of the product than is fre- 
quently believed, and the question of 
best results has to take into consid- 
eration many other factors besides 
the form of energy, factors which 
are frequently more important. 

In the third method of classifica- 
tion, referring to the mode of heat 
transfer from the heat surface to the 
charge, three basic types, namely, 
radiation, convection, and conduc- 
tion furnaces, can be distinguished. 
Combinations of the three types are 
sometimes used. In radiation fur- 
naces, heat transfer from the source 
to the charge is by radiation only 
(Fig. 2A). Examples are resistor 
furnaces and radiant tube gas fur- 
naces. In convection furnaces, heat 
transfer is carried out by movement 
of gases or air. The atmosphere is 


heated by an energy source which 
in pure convection furnaces is located 
outside the furnace chamber, as 
shown in the sketch (Fig. 2B). 

Circulation is enforced by blowers 
or fans. Electric resistors or gas or 
oil burners can be used as energy 
source; if gas or oil burners are used 
it is necessary to bleed part of the 
circulating atmosphere, but a large 
part can be recirculated. Conduc- 
tion furnaces are lead or salt baths, 
in which the heat is transferred to 
the charge by conduction alone. 
Among the salt bath furnaces the 
electrode salt bath (Fig. 2C) de- 
serves particular mention. In this 
furnace the salt itself serves as re- 
sistor and as heat transfer medium 
to the charge. 

Combinations of radiation and 
convection furnaces or of radiation 
and conduction furnaces are used in 
most cases. Particularly, only rarely 
are pure radiation or pure convec- 
tion furnaces applied. In radiation 
furnaces, the atmosphere of the fur- 
nace chamber circulates by natural 
convection, even if no blowers or 
fans are used. In convection fur- 
naces, the walls radiate to the sur- 
face of the load. 

Selection of the correct furnace 








Loading white castings into a con- 





tinuous malleableizing furnace. 
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Fig. 1—Diagrammatic sketches of heat-treating furnaces. 
car bottom; C—bell type; D—elevator type; E 


A—Box type; B— 


-conveyor; F—walking 


beam; G—pusher type furnace. 


type among these various possibili- 
ties should take into consideration a 
number of different problems, some 
of which are often overlooked. 
Therefore, the basis for selection will 
be discussed first. Anticipating the 
later findings, it may be stated here 
that, for obtaining highest quality, 
continuous furnaces would be de- 
sirable, but their use offers some 
difficulty in satisfying the other 
requirements. Later sections will 
therefore deal with the problem of 
how to reconcile the different re- 
quirements. 

Basis of Furnace Selection. Fur- 
nace type selection should take into 
consideration the following items: 

1. Uniformity requirements. 

2. Heating and cooling require- 
ments. 

3. Individual size, shape, cross- 
section and weight of the greatest 
casting to be heat treated. 

4. Desired temperature range of 
work. 

5. Desired output of the furnace. 

6. Space requirements. 

7. First cost, including cost of gas, 
oil or electric lines from the point 
of delivery to the plant to the fur- 
nace, 

8. Operating costs, including cost 
of energy or fuel, labor, rejections, 


cost of maintaining fuel reserves. 

Uniformity; Heating and Cooling 
Requirement. In this listing the uni- 
formity and heating and cooling re- 
quirements were placed first because 
they are so frequently overlooked. In 
order to understand them, it is im- 
portant to define the terms used. 

In furnace work, three types of 
uniformity must be _ considered; 
namely, uniformity in time, uni- 
formity in space, and thermal 
uniformity in the workpiece. Uni- 
formity in time is measured by the 
temperature recording instrument 
and demonstrated by its record. 
However, a high degree of uniform- 
ity in time proves only that the 
temperature within the thermo- 


Heat Treat: 


couple protection tu 
and does not give a: 
concerning the unif 
workpiece, which is 
formity governing the 
product. 

Temperature unifo: 
is a necessary prerequ 
in no way a proof of 
other uniformity of 
Figure 3 may serve as 
The almost smooth linc 
cal temperature record, showing sh. 
temperature inside the thermo na 
protection tube. The wave lin; | 
shows the temperature outside ;| 
tube. The thicker the tub 
greater is the relative difference | 
tween the two curves. 


Furnace Temperatures 

Uniformity in space refers t 
temperature at various places withi 
the furnace chamber, mostly wi 
reference to the empty chambe; 
Although this uniformity is impor. 
tant for obtaining thermal uniform. 
ity of the workpiece, it is not suff. 
cient for safeguarding it and depend 
on the way of loading the furna 
not on furnace design alone 

Thermal uniformity of the 
piece includes three requirement 
which should be fulfilled at 
points of the charge; namely, equa 
temperatures of all points in the pi 
at the end of the heating or cooling 
process, equal rates of heating o 
cooling (degrees per unit time), and 
equal time at any temperature be 
yond the room temperature. Thes 
requirements can never be fulfilled 
entirely in practice because heating 
and cooling can be carried out onl 
under the influence of temperatur 
differences. 

At times, in foundry practice, th 
differences in all three respects ar 
so far from the requirements for un- 
formity that uniform products ar 
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Fig. 2—Furnace types according to 


heat transfer. A—Radiation 


convection type; C—conduction type furnace. 

















» degree to which 
fulfilled 


rnace design and 


nts are 


ved that the best 
and cooling to ap- 

ty is to expose each 
vidually. In heating 
1al exposure—for ex- 
iting piles of castings 

ne furnaces—the cast- 
n the outside will be 
perature long before 
the center. Moreover, 
t at a much higher rate 
" castings in the center. 
Fina h casting, if it is of any 
ize, will heat non-uni- 

irt closest to the heat 


no at a faster rate and 


temperature than the 
h casting away from the 


Ficure 4 shows schematically the 
mperature rise in a charge com- 
osed of small castings, heated from 
the side walls of a furnace 4 ft. wide. 
The furnace walls are assumed to be 
t a constant temperature of 1600' 
F. In Fig. 4 time is plotted as 
abscissa, and temperature as well as 
rate as ordinates, in logarithmic 
scale. This kind of scale is, of course, 

t proportional. The distance from 

” to “2” is larger than the distance 
from “9” to “10.” On the other 
hand, the distance from “1” to “2” 
s the same as the distance between 
10” and “20.” 

Heating and cooling requirements 
mprise the desired temperature of 
the casting and minimum and maxi- 
mum rates. It is basically unsound 
to specify only one temperature for 
heat treatment because, as explained 


Typical temperature curve; 
ord within thermocouple 
Ue b) curve outside the well. 


























in the foregoing, complete tempera- 
ture uniformity can never be achieved 
in practice. Two final temperatures, 
one indicating the maximum, the 
other the minimum permissible tem- 
peratures, should be shown in the 
specifications (for example: “heat to 
a temperature of between 1550- 
1600° F.”) Based on these tempera- 
tures the necessary heating time for 
a given charge can be calculated 
with reasonable accuracy. 
Assuming that the furnace tem- 
perature remains constant during the 
heating process, only one value of 
heating time and one furnace tem- 
perature will produce a charge in 
which, at the end of the heating 
time, the surface has reached the 
maximum temperature, and the cen- 
ter the minimum temperature. Fig- 
ure 5 shows the heating curves for 
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surface and center of a large casting 
of uniform cross section. The differ- 
ence between the two lines decreases 
slowly, and the heating time is there- 
fore practically determined by the 
desired difference at the end of the 
heating time. 

Maximum and minimum tem- 
peratures and rates generally are 
prescribed either on the basis of 
experience alone or on the basis of 
laboratory experiments with samples 
of small size. The values determined 
for small samples must not be used 
for heavy castings without change 
It is necessary to transform them 
according to the size and shape of 
the casting, and with piles of 
castings, according to the mutual 
arrangement. Moreover, the mode 
of heat transfer enters the picture. 

It is no longer sufficient to esti- 
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Fig. #—Temperature rise in charge composed of small castings. In addition 
to temperature curves, the chart also contains curves for the rate of temper- 


ature rise (° F./min.). 
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Fig. 5—Typical heating curves for 
surface (a) and center (b) in heat 
treatment of large castings. 


mate the influence of these factors 
on necessary heating or cooling time 
to obtain the desired final tempera- 
tures and rates, and it is equally 
misleading and wrong to assume that 
the temperatures and rates measured 
at any one spot within a charge 
apply to the entire charge equally. 
Today it is possible rationally to 
transform the values obtained on 
samples of small size into values for 
various arrangements of the charge 
and various furnace designs. 


Heating Rate 

Assume that the temperatures and 
rates have been found acceptable 
when exposing a cylindrical sample 
of 0.5-diameter to a furnace temper- 
ature of 1800° F. for 3 min. From 
available charts it can be found that 
at the end of this period the surface 
temperature of the sample is 1679° 
F., and the center temperature is 
1675° F. The rate of heating at the 
surface after 1% min. is 0.121°F. 
per sec., and, at the same time, at 
the center is 0.126° F. per sec. 

Also, from existing charts one can 
now determine that for a rectangu- 
lar block 4 in. thick, the furnace 
temperature would have to be 1720° 
F. in order to obtain the same tem- 
perature difference between surface 
and center at the end of the heating 
period, and that the heating time 
would be 138 min. For this condi- 
tion, the rate of heating after one- 
half of the heating time (69 min.) 
would be 0.631°F. per sec. at the 
surface, and 0.693° F. per sec. at 
the center. 

Maximum Individual Size, Shape 
and Weight; Output and Space Re- 
quirements. In commercial foundries 
the output in tons per day is subject 
to daily fluctuations, whereas in pro- 
duction foundries the output can be 
considered fairly constant over a 
certain period of time. For the 


production foundries, no special 
remarks are necessary. In commer- 
cial foundries operations can be 
made much more satisfactory if the 
practice of heat treating every cast- 
ing immediately after cleaning is 
abandoned. Rather, certain planning 
of the heat treating is desirable, 
because operations are more satis- 
factory if only pieces of the same or 
almost the same size are heated 
simultaneously. 

Accumulation of castings 
several days makes possible the load- 
ing of furnaces more nearly as 
desired. The operation will be more 
satisfactory the longer the period 
which can be averaged. For exam- 
ple, if the material is stored up to a 
maximum of one week, operation 
will be more satisfactory than if the 
maximum time of storage is three 
days. Such grouping of the output, 
of course, makes it necessary to store 
part of the output, and this involves 
problems of rapid delivery and of 
space requirements. 

Castings of one size are often made 
of steels of different composition, a 
fact which makes the foregoing rec- 
ommended practice less desirable. 
Inasmuch as the composition cannot 
be recognized from the outside, cast- 
ings of different composition may 
become mixed in heat treating. 
Moreover, with the same theoretical 
composition, the actual compositions 
may change slightly from day to day. 
Consequently, from this point of 
view, it is desirable that pieces cast 
on various days be not heat treated 
in the same furnace operation. 


over 


Furnace and Storage Space 

Space requirements include the 
furnace proper and control equip- 
ment, as well as possible storage space 
for production, as mentioned in the 
preceding paragraph. Floor space 
generally is larger for continuous 
furnaces than for batch-type fur- 
naces. A comparison between batch- 
type and continuous furnaces must, 
of course, be based on the same out- 
put and should be based on the same 
degree of uniformity and heat. 

As previously explained, a degree 
of uniformity similar although not 
equal to that in continuous furnaces 
with individual exposure of each 
casting can be obtained in batch- 
type furnaces when heating piles of 
castings. In the latter case, much 
longer heating and cooling periods 
are required than in the continuous 
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furnace. Longer hi 
turn call for larger v; 
in turn means more f] 
actual advantage in 
the batch-type furnac: 
with the continuous furnace mug ), 
attributed to the grea height af 
the batch-type furnace for o,,. 
volume. a 

O perating Cost. The furnace 
ating cost should include not op) 
fuel, labor and maintenance. “th 
should take into consideration - 
some way the quality of the pr ie 
If by one method of operation the 
quality of the product can }y 
increased as compared with othe; 
methods, then it is reasonable tr 
introduce into the cost balan» 
calculation an item covering thi 
improvement. This can be don 
either by lowering the amount fo 
the expense caused by rejections o 
by introducing an increased amount 
for the income from a higher quality 


product. 


a 


ODer. 


Cost Comparison 

No general statement concerning 
operating costs of different furnace: 
is possible. If only the output is 
taken into consideration without 
comparing the achieved uniformity 
then continuous furnaces are always 
more expensive than _batch-typ 
furnaces. However, if several batch- 
type furnaces were installed to yield 
the same uniformity as the continu- 
ous furnace, then the first cost of 
the batch-type furnaces may be 
larger than that of a continuous fur- 
nace of equal output. 

Furnace Type Selection. Problem 
It has been stated in the foregoing 
that the requirements of uniformity 
are best satisfied in furnaces designed 
for individual exposure of each cast- 
ing. This requirement must be rec- 
onciled with the requirements for 
space, first cost, and diversity of pro- 
duction. How the three main types 
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small castings, the 

nace, although rarely 

would be extremely 

lt penetrates rapidly 

between the castings 

each casting quite 

heating will be rapid 

that the castings have 

they will heat uni- 

ih the main advan- 

luction furnace would 
btai th small castings, it is 
t large castings in such 














large castings are of 
uniform cross section 

rapid heating is permissible, 
sat tory results may be ex- 







Rate of Heat Loss 
Because of the rapidity of heating 
the salt-bath furnace, high output 
n be obtained. Generally speaking, 
t-bath furnaces have a relatively 










rate of heat loss because of 
tion from the bath surface. No 
over design entirely over- 
mes this difficulty. Therefore, the 
rating costs are quite high if the 
















Nut stings must be held at elevated 
ty peratures for any length of time. 
Lys Convection-type furnaces. In such 
pe maces piles of castings may be 
h- ted with reasonable uniformity 
rovided that the flames or the hot 
r are forced through instead of 
merely washing the surface of the 
v In such a furnace the castings 
[- ose to the entrance of the flames 
r air are heated more rapidly than 
} those near the exit of the heating 
ty gases. To overcome this disadvan- 
tage and obtain a satisfactory degree 
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g ‘ketch of mixed convection 
radiation furnace. 









of uniformity, the furnace must be 
equipped with 
control. The 


so-called program 
temperature of the 
heating gases initially should be low 
and increase only gradually as the 
Fig. 6 This 
method of operation results in an 


charge picks up heat 


acceptable compromise between the 
desire for high output and good 
uniformity. 

Temperature limits of such fur- 
naces are in the order of magnitude 
of 1700° F. It should be understood 
that reference is made to pure con- 
vection furnaces, and that the advan- 
tages claimed do not apply to radia- 
tion furnaces in which fans are used 
Fig. 7 
out furnaces with resistors or radiant 


to whirl the air This rules 


combustion tubes in the furnace 
chambers. The requirement of pro- 
gram control eliminates the possi- 
The furnaces, 


then, must have a separate heating 


bility of direct firing. 


chamber in which resistors or burn- 
ers are located. Hot air or combus- 
tion gases are circulated through the 


charge by means of a powerful fan. 


Furnace Types Compared 
For individual exposure of the 
casting, convection furnaces gener- 
ally do not offer any large advantage 
as compared with radiation furnaces 

Radiation Furnaces. If the tem- 
peratures are too high for convection 
furnaces, and if conduction furnaces 
(salt bath) must be ruled out, then 
the only type of furnace left is the 
radiation furnace. These may be 
resistor furnaces, radiant-tube fur- 
naces, muffle furnaces, or direct- 
heat-fuel furnaces. The next prob- 
lem to be considered is the type 
selection of such furnace (over sta- 
tionary furnaces). 

If it is possible to store castings 
so that for a period of at least sev- 
eral hours the continuous furnace 
can be loaded with castings of equal 
size and shape, then the continuous 
furnace with individual exposure of 
the castings is the desirable solution. 
If the storage of castings proves 
impossible, then the continuous fur- 
nace must often be ruled out because 
it may not work satisfactorily if 
pieces of different size pass through 
it. Moreover, in many plants only 
batch-type furnaces are available at 
present and funds may not be avail- 
able for immediate replacement. 

More satisfactory results may be 
obtained from batch-type furnaces if 
special attention is paid to the man- 














Fig. 8—Correct heating 


proc é dure 


for rectangular pile of castings 


ner of loading and if special care is 
taken in the 
heating means. 

A difficulty frequently encoun- 
tered is that the of the 
rectangular charge may heat more 


arrangement of the 


comers 


rapidly and to a higher temperature 
than the remainder of the charge 
surface. This higher temperature 
may exceed the permissible maxi- 
mum. In order to avoid this, it is 
desirable to heat only two, not four 
or six, sides of the rectangular pile 
Fig. 8). In the drawing, 
heating from two sides is shown. The 
prevail if 


of castings 


same conditions would 
only top and bottom or only front 
and rear were heated. The other 
four sides of the furnace not used 
for heating the castings should be 
heated only to the extent of provid- 


ing for heat lost through walls. 


Heating Uniformity 

The thickness across which heat- 
ing occurs is of decisive influence on 
the uniformity obtained. Generally 
speaking, the heating times necessary 
to obtain a given degree of uniform- 
ity change with the square of the 
heated thickness of an individual 
casting or a pile. In the case of 
heating one casting only, no further 
comment is necessary. However, if 
a pile of castings is heated, the de- 
crease in the thickness of the pile 
will lead eventually to the point. 
Where only one casting remains, 
then the heating time to obtain the 
same uniformity within the casting 
is still further and greatly reduced. 


One method of improving the 
operation of batch-type furnaces is 
in loading smaller piles, which will 
heat much faster to the same uni- 
formity as previously, instead of 
utilizing the full height of the fur- 
nace by loading the thickest pile 
possible. Uniformity can be improved 
considerably by slightly reducing the 
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Fig. 9—Size of charge in box type furnace. A—=3 ft., heating time, 8 hr. B— 
1 ft., heating time, 2 hr. 


furnace temperature and increasing 
the time of the charge. 

As an example, let us say that a 
furnace with heat on two sides only 
heats at present a 3-ft. pile of cast- 
ings in a heating time of 8 hr. (Fig. 
9A). If the width of the pile is 
reduced to 1 ft., approximately the 
same uniformity would be obtained 
in 2 hr. of heating time (Fig. 9B). 

Increasing the heating time to 3 
hr. and simultaneously lowering the 
furnace temperature will result in 
two advantages; the same output 
will be heated in a total of 6 hr. 
(two batches of 3 hr. each) as com- 
pared with the previous 8-hr. period 
and, in addition, much more uni- 
form castings are obtained. The 
disadvantage in the procedure is the 
increased labor of load-charging and 
discharging the furnace twice. This 
is a price that should be paid in 
order to improve the uniformity. 

If the total heating time is several 
days so that the reduction of the size 
of the pile leads to heating times 
which are inconvenient because they 
interfere with the change of shifts, 
it may be necessary to add batch- 
type furnaces. If several furnaces 
are used, it is desirable to have fur- 
naces of different size, which yields 
great flexibility. 

Heating of castings in piles is 
undesirable from the point of view 
of uniform production. 

Disadvantages usually inherent in 
this method can be partly overcome 
by using salt-bath furnaces if per- 
missible, or furnaces with forced 
convection and program control. 

If neither method is possible, then 
continuous furnaces should be ap- 


plied. If they too cannot be used, 
special attention should be given to 
distribution of heating means and 
the thickness of the heated pile in 
radiation and combined radiation 
and convection furnaces. 
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‘Chairman: A. M. Futton, Northern 
Malleable Iron Co., St. Paul, Minn. 

Co-Chairman: C. F. Joseru, Saginaw 
Malleable Iron Div., General Motors 
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Dr. H. A. Scuwartz': I should like 
to endorse and emphasize some of the 
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things Dr. Paschkis said 
cient just to build a ma 
furnace. If you want ur 
perature, you cannot } 
heating because, even if 
were right, you would sti 
tain temperature gradient 
If all other gradients w 
the casting gradient woul 

It is suggested that we r 
charge, this in one dimen: Dr. Pacet 
kis made reference to th: the 
the continuous furnace of 
type, we have a charge of 
two castings thick. 


The points he makes 


eP™Minens! 
iy 


true, and they are of enormous impo, 
tance. Each one of those factors ate 
that you have a small cross-sectj ty 
small furnace; that you are confronted 
with what finally amounts to a ver a 
siderable investment in your heat-tres: 


ing equipment. 
You are confronted with that. 
you finally end up with the quest 


Where is the point at which it is cheape; 
to have something less ornate in fur 
equipment and a longer annealing | 
to do the work, as compared with shor. 
ening your annealing cycle and trying : 


economize by the greater annual output 
of a given unit? 

I think all users of malleable castings. 
most sellers of furnaces for malleal 
castings, and some malleable foundrymen 
do not adequately understand that the: 
is this balance of cost of the product and 
time in which you can deliver a product 
and that, generally speaking, if you ar 
going to stay in business you have t 
approach the economic minimum 

The customer is very seldom willing 
to pay any more money to get the cast 
ing sooner. Naturally we reach the point 
where increased output costs money but 
the product cannot be sold at the pr 
necessary to meet the costs of producti 


The conditions that Dr. Paschkis o 
lined are such that they will help evalu 
ate the relative merits of one type o! 
furnace against the other, and aid 
selecting that particular equipment which, 
for a particular industrial condition, p 
duces the best and most salable product 


] 


In the days when I had quite a litt! 
contact with Charles Kettering, his state- 
ment was that that material is the best 
material which actually fulfills the mini 
mum requirements for the least pm 
His statement is also true of heat-treat- 
ing. 

Dr. Pascuxis: I want to thank Dr 
Schwartz for his remarks upholding t 
tendency of this paper. I particularly 
agree with his statement on the necessity 
of finding an economic optimum betwee! 
quality and cost of production 

MemBer: Some people claim that !t 
impossible to circulate hot gases wit! 
fans, while others claim that you Ca! 
Would you care to comment on that? 

Dr. Pascuxis: I think there ar 
enough furnaces in operation to show 
that you can circulate gases up © * 
temperature of 1700°F. Beyond that, 
fans do not seem to stand u| ll 


1National Malleable & Steel ngs 
Cleveland. 
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x al The conditions in cooling you are bound to get great differ- 2000° F.? This method of firing is com- 
~ f malleable iron are ences if you take the casting out of the mon practice in the heat treating field 
s a than for heat treating furnace. If you cool in the furnace, it Dr. Pascuxis: Under-firing is fre- 

" I suppose you are would be the same proposition. It is quently better than over-firing because, 
iesign of the furnace conceivable to build furnaces which by natural convection, there will be some 
the efficiencies and would allow the temperature to drop heating also from the top. Even if you 
ntials you get in your very slowly uatil, at a known critical have only one piece, if you heat from 
‘a ooling as well as on value, it would permit the temperature two sides it is better than from one side 
- t that have some bear- to drop rapidly. alone, but it is not better to heat from 
: owly through quite a L. C. Krmpat*: Is under-firing alone three, four, or six sides. Heating from 
would design your better than over- and under-firing for two sides is better than from one side. 
: more uniform heating of the mass? The second question is one of having 
. Yes. If you cool in With two sets of burners, one set firing three sets of burners. It is possible to 
definitely it would, and under the arch and one set firing under work it out as described. However, I do 
you have to do so. the hearth, using twin nozzle burners not think you could set up a general rule 
: here for heating holds below, shutting off the gas on one nozzle to that effect. Apparently you limit your 
‘ It is still more difficult and introducing air only through this remarks to one specific furnace design. 
or ies heating to obtain uni- nozzle do you not get pretty even distri- — 
urge. In heating, it is by bution in the furnace through a wide *Lakeside Malleable Castings Co., Racine, Wis 
, Rochester Gas & Electric Corp., Rochester 
tion of time alone. In range of temperature, say from 600 to N. Y. 
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AST “iron,” the term, actually 
is a misnomer since this ma- 
terial contains more carbon, 

as well as other alloying elements, 
than ordinary steel. Some of the 
carbon, as in steel, is in combined 
form. In white cast iron substan- 
tially all of the carbon is combined 
with iron as cementite, and thus 
“white iron” is similar in microstruc- 
ture and properties to a very high 
carbon tool steel. 

In gray cast iron, however, usually 
at least three-fourths of the carbon 
is in the elemental form; i.e., graph- 
ite. Mottled irons consist of mixtures 
of the structures of white and gray 
cast iron so that many small areas 
of each are observable in a fracture 
surface through such an iron or in 
the microstructure. 

Most of the following discussion 
is concerned with the microstructure 
of cast irons which are “gray” when 
sand-cast in moderately thick or 
heavy sections. 

The microstructure of gray cast 
iron usually is made up of a matrix 


Fig. | 


similar to that of steel, consisting of 
all or part of the constituents pearl- 
ite, ferrite, and massive cementite 
and, in addition, containing flakes 
of graphite. The structure of a typi- 
cal pearlitic steel is shown in Fig. 1. 
The similarity of this structure to 
that of the typical gray cast iron of 
Fig. 2 is readily apparent. 


Nature of Microconstituents 


Graphite. Graphite is substantially 
pure carbon which exists in all gray 
cast iron in the form of small flakes 
of irregular shape. When magnified 
at 100 diameters these flakes appear 
in the microstructure as dark gray 
curved lines varying in length from 
a fraction of an inch to several 
inches. Thus, their actual length is 
of the order of a few hundredths of 
an inch or less. The graphite flakes 
can be detected in the microstruc- 
ture in both the unetched and etched 
conditions. 

Graphite is soft and weak and, as 
will be shown later, has a_ pro- 
nounced effect upon the various 


Left)—Stee! containing partially spheroidized lamellar pearlite. Nital etched, 500X. 
Fig. 2 (Right)—Cast iron containing lamellar pearlite, graphite flakes, and a small amount 
of massive ferrite. Nital etched, 500X. 


properties exhibited by th 

matrix. Some of these eff 

advantageous, some disadvantage: 
depending upon the applicatio, 

The dispersion of several | 
of graphitic carbon as flakes in 
iron sometimes -results in thy 
eous conclusion that cast iron no; 
mally is porous. Macro-porosity : 
occur in gray iron castings just a 
in any cast metal, but the m 
structure of cast iron is inherer 
sound. 

Such soundness is shown 
the photomicrographs accompan 
this discussion as well as in t 
throughout the literature. The inher 
ent soundness of cast iron 
demonstrated in a recent paper | 
MacKenzie." 

Cast Iron Inherently Sound 
Reports of “porous” iron en 
tered during the polishing of casting 

such as that shown in Fig. 3 | 
been investigated repeatedly. Ii 
porosity were inherent in the mat 
rial, such very heavy cast section: 
would accentuate the effect. 

In each case investigated, i 
shown that the “porosity” was t 
result of the tearing out of graphit 
flakes and the metal surrounding 
them during machining, or to pit 
ting out during polishing. In eac! 
case by adjustment of machining 
grinding, and polishing methods th 
“porosity” was eliminated 

Graphite flakes occur in 
in several types of distribution an¢ 
in a wide range of size. The A.F.A 
and A.S.T.M. jointly have prepare¢ 
a standard chart? for the purpose © 
reporting graphite flake si 


cast iron 


by num- 


This paper was present 
cussed at a Gray Iron S 
Fiftieth Annual Meeti: 
Foundrymen’s Association, 


May 6-10, 1946. 











f distribution of flakes 


varies from Size 1 

es 4 in. or more in 
diameters magnifica- 

S 8 (longest flakes 1/16 
eneth at 100 diameters 
Graphite flake dis- 

ries from Type A (uni- 
ution (random orienta- 
[ype E  (interdendritic 
preferred orientation). 


Cementite is iron car- 


Fe,C), the chemically com- 
in which carbon exists 
is metals. Part of the total 


ntent of cast iron occurs 
hite, the remainder as ce- 
The cementite in turn oc- 
two forms, (1) as lamelle 
ferrite in pearlite, and (2) as 
mary or massive cementite. This 
sive cementite appears in the 
hed microstructure as irregularly 
ped white masses such as those 
in Fig. 9b. 
Massive cementite is extremely 
rd (550 Bhn.) and wear resistant. 
detrimental to machinability 
when present in relatively small 
nts. The presence of massive 
te is desirable only when 
resistance is of importance. 
Ferrite. Ferrite is practically pure 
ron. It occurs as (1) lamellz asso- 
ted with lamellar cementite in 
pearlite and (2) as free or massive 
\lthough radically different 
erties from cementite, mas- 
rrite appears somewhat similar 
ntite in the etched micro- 





tructure, but the two can be differ- 
t by a slight difference in 
id lustre. 





Massive ferrite is a microconstitu- 
ow hardness (75 Bhn.), low 
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+t iron thrust bearing runner polished by lapping to a surface finish of about 
6 microinches, root mean square. 






strength, and high ductility. Its pres- 
ence is -beneficial to machinability 
(when associated with graphite as in 
cast iron), but is detrimental to 
strength and wear resistance. 

Pearlite. Pearlite is a laminated 
microconstituent composed of alter- 
nate plates or lamella of cementite 
ferrite. Accordingly, its properties 
are roughly an average of those two 
materials. Pearlite is stronger and 
harder than ferrite but appreciably 
softer and less brittle than cementite. 
The appearance of pearlite in the 
microstructure is shown by etching 

Other Microconstituents. Steadite 
is an iron-carbon-phosphorus eutectic 
peculiar to cast irons. It is hard and 
brittle, and its effects are similar to 
those of cementite. In the normal 
low-phosphorus irons now being pro- 
duced for general engineering pur- 
poses the small amount of steadite 
which occurs in small, well-dis- 
tributed masses is considered to have 
a rather small effect upon the prop- 
erties of the iron. 

Various other microconstituents 
such as austenite, bainite, and mar- 
tensite may be found in cast iron 
as in steel, but do not occur in 
ordinary grades of cast iron except 
when given special heat treatments 
or specially alloyed. 

A thorough treatment of the micro- 
constituents of cast iron and the 
methods for their examination is 
presented in an A.F.A. publication 
by Allen.* Reference also may be 
made to the material and bibliog- 
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raphies pertinent to this subject 
which are included in the 1944 
edition of the Cast Metats Hanp- 
BOOK, published by A.F.A 


Effect of Cooling Rate and Compo- 
sition Upon Microstructure 

Figures 4, 5, and 6 illustrate some 
of the important effects of the cool- 
ing rate from the freezing point, and 
of the composition, upon the micro- 
structure. The changes in micro- 
structure in turn affect the proper- 
ties of the iron. The effect of cooling 
rate upon the microstructure and 
properties of a Class 20 cast iron 
is shown in Fig. 4. 

Che variation of cooling rate was 
obtained by sand casting solid cylin- 
ders of increasing diameter. The 
effect of the same cooling rate con- 
ditions upon a Glass 40 iron is shown 
in Fig. 5. Therefore, the difference 
in microstructure and properties be- 
tween the Class 20 and Class 40 
irons of the same cylinder size is due 
to the difference in chemical com- 
position. 

The cooling rate of the iron shown 
in Fig. 6 has been controlled by the 
use of a heavy metal chill. Sections 
of the test piece close to the chill 
represent very high cooling rates, 
whereas sections of the test piece re- 
mote from the chill represent much 
lower rates. 

The cooling rate of cast iron in a 
sand mold is determined primarily 
by the section size of the casting and 
the presence or absence of chills. 
The effects upon the microstructure 
of increasing cooling rate are: 

1. Increase the tendency to form 
massive cementite and thus decrease 
the amount of carbon present as 
graphite. 

2. Increase the fineness of pearlite 

i.e, decrease the spacing of the 
lamella). 

3. Decrease the size and change 
the distribution of graphite flakes. 

+. Decrease the tendency to form 
massive ferrite. An exception to this 
is at certain high cooling rates 
where interdendritic graphite occurs. 
Ferrite tends to be associated with 
this type of graphite, as shown in 
Fig. 7. 


Similar changes in microstructure 





© Cast iron microstructures and attendant properties may be 
changed by quenching and tempering treatments to improve strength 
and hardness. Alloying elements may be used to develop micro- 
structures of increased strength, hardness, greater wear resistance. 











Li 


Wiad df 


yh 


- 


‘. Avior 3 


"KOOO! "POY74® [P4>1q “O414404 
@alssew yO Junowe e618; & pue efjseed es1e09 Ase 
yO pesodwos s! eunyonsysoudiw ey) “sepuIjAD “UI-g 
WOsp UO! 4SED OZ SSRI 4O SuNyoNsysourIWW—Iy “Biy 
"KO00! "POY24@ [es>1g “O4s404 CAIssewW pue 
epjseed esse0> suleyu0d uewIsedg ‘sepujAD “ul-Z 
Wisp WOU! 4$BD OZ SSID 4O GuNjyonsysOuTI-—yy “B14 
"K000! ‘P44 [es21g “pews; 
SRY @f1s0} SAISSPW 4O juNOWR jews & pUe yy “BI4 
ul ueyy sesuwo>d AjjyBuys si eyseeg “sepusjA> “Ul-Z"| 
WOsp WOM 4SED OZ SSRI 4O SANyoNsysosrIWy—By “B14 
*X0001 
‘peyr4ze jesrig “epydesb s14spuepseju; pue ejjieed 
euy Ajeyesepow sujeyuod uewisedg ‘sepuyjA> *uy-2/, 
WOsp UO 4SBD OZ SSBID 4O SuNyoNsysOsrIP¥—jy “BIY 
"KOO! "Pe4y>4eUN “KOO! 42 4ysSue UI “Ul y 


wey} es0W ese seyey ysebuc] “yw; Buyer yo sexey 

eyydes6 wopues esse0co Ase, “sepuyjAd “ul-g wosy 

UOd! 4882 OZ SSBID 4O UOIENQIIESIP eyydela-—ey “Bi4 

"KOO! ‘Pey>seur, “wy Suizes yo sexe o4: 

~ydes6 wopues pezis Ajeyesepoyy “sepuyjA>d “uy-z wory 

UOs} 4882 OZ SSBID 4O UOIENGIySIP eyydeIa—py “Biy 
"X00! ‘Peyr4eur) “ws Suiyes yo 

seqey eyydes wopues yews ‘sepuyjA> “ul-Z") wou 

wou 4882 OZ se15 f9 UOIENGIYSIP epYydeIDg—dy “Biy 
"X00! ‘Pey>4euN “Gz ‘39 Suiyes 

4° e414desB d11spuepsezu; euly “sepunjAd "ui-Z/, wos 

Us! 4882 OZ SSBID 4O UOIENGIASIP epYdeQ—gy “B14 

“S1@JOWPIPD POPEdIPU; eYyy 4O 

Ss@purjAd 482 PUeS Ws, UOTE, O10M SUSU Eds 480) 

“ws 4889 QZ SSD & jo Ssoupsey pue Yysbuedys es 

“Ue, Oy} UOdN eiNyonsysosDIWA yO yoeYye eyj—ey “B14 


. 


S3HINI - BIGNITAD JO WILIWVIC 


v € 


A. 4. 


2 











NHG 











evi 


——-. 





as 





“pe * Pr “O14 





NH 
by ton Acs 








1Sd OOOT - WLONIULS JTISNIL 


sv “ay °914 






































"KOO! "Peyrse je421g “ty “Biy 
Of PeledWOD Se O41s0} SAISS@W 4O SoUeSGe BON 
‘@ppseed @51809 40 sysiSUOD xXI4Geyy “‘sepUI|AD ‘UI-9g 
WOd, UOJ 4522 Op SSEID 4O GuNyoNsjysoDNIW—ig “BIy 
"K000! "POYR4@ je421g “epjseed esieo> Ajejes0 
“pow jo Ajesyue pesodwos si xiuyeyy “sepurjAD ‘ul-Z 


WOsp UOJ! SPD Op SSB/D jO @unyonszsosrI-Z—Yg “BIy 
"K000} ‘POYQ4e [e121g “ep yUeWIeD eAIsseu jo 


S044 pue efjse0ed euy Ajeyesepoy ‘sepuUrjA> ‘ul-Z"| 
WOsp YOU 4S@9 Oy SSB/ 4O @NyoNsysour1;—Bg “Bi4 
*x000! “pe4>+¢ 
jPs21g “SfpUCWOD SAISSeW yO juNOWe jjewWs e pUue 
epjseed Guy yo pesodwods si xi4yeyy “sepuijAd “uI-Z/, 
WOsp UI 4SED Op SSBID 4O SuNgonsysourIW-—jg “BI4 
"KOO! ‘Peyrseur) *( ep “Bi4) 
sepuljAd “Ul-g & Ul UOJ OZ SSeI> SUF Ul PUNCy soxeY 


S3HONI - 
v € 


i } 





e612] ey, Of Pesedwor se sexe eseyy 4O OTIS |] PUUS 
Ou} OJON “SOIR WOPUe! ¢ eZIG “sepUIJA>D “UI-g Woy 
UOd! 4522 Op SSE/D jO UOIENGIySIP e41ydeID—OgG “BI4 
"KOO! "Peyreun) “sexey 
eyiydesb wopues yw edAy ‘py ezig ‘sepurjAd “ul-Z wou 
UO! {SCD Op SSID 4O UOIENQIySIP eyyde4a—pg “BIy 
"KOO! ‘peyrseur) “(99 Pure Wg) Sexe jo SezIs pue 
sedAy pexiw jo Uolnqiuysig ‘sepujAD ‘uI-Z"| wos 
UOs! {SED Op SSEID FO WOIENGIysIP ef ydeug—dg “iy 
"KOO! "PeyrHeun “GZ ‘39 
Buiyes yO seyey eyydes6 euly “sepurjAd “ul-%/, wor 
UOJ! 4SE9 Op SSE/D 4O UOIENGIUySIP ef ydelg—Qg *BIY 
"S1QJOWID PSLESIPU! @Yy 4O 
Ss@PUl[AD 4S@2-PUeS WO1, USXe, OOM SUSUISedS 4se) 
*UOs! 4SOD Op SSeID & 4O Ssoupsey pue YyHUeLys os 
“U4 OYyfs UOdN esnponsjsoOsDIW yO yO@Yye OYyj—eG “BIy 


YIONIIAD JO YILIWVIA 


2 





r 























JVSNIL 








4S °PS ‘914 





HLONIULS 





ol 


Bs *>¢-o18 











298 


Fig. 7—Massive ferrite as associated with 

fine interdendritic (Type D) graphite flakes. 

Gray background is unresolved pearlite. 
Picral etched, 500X. 


changes in com- 
the total carbon 
acts in the same 


can be produced by 
position. Increasing 
and silicon contents 
direction as decreasing the cooling 
rate. Decreasing total carbon and 
silicon contents or increasing con- 
tents of stabilizing alloys such as 
chromium and molybdenum act 
similarly to increasing the cooling 
rate. This composition factor is illus- 
trated by comparing of Figs. 4 and 5. 

Effect of Graphite. Considering 
the matrix of cast iron as quite 
similar to that of steel, the effects 
of the graphite flakes upon the 
matrix properties are shown graphi- 
cally in Fig. 8 and summarized as 
follows: 

1. Reduce tensile strength, yield 
strength, and per cent elongation 
(ductility) due to interruption of 
the continuity of the matrix. 

2. Exert little effect upon Brinell 
hardness. However, the hardness of 
a cast iron may be higher than that 
of a steel of similar combined carbon 
content due to the effect of solid 
solution elements such as silicon and 


MICROSTRU(¢ 


phosphorus in strengthening the 
matrix. 

3. Reduce the modulus of elastic- 
ity, specific gravity, thermal con- 
ductivity, thermal expansion, specific 
heat, and electrical conductivity. 

+. Increase damping capacity be- 
cause of the cushioning effect of the 
soft flakes. 

5. Reduce notch sensitivity 
crease the ratio of fatigue strength 
to tensile strength in notched bars) 


(in- 


due to the stress distribution effect 
of the dispersed flakes. 

6. Improve machinability because 
of lubricating action and the brittle- 
ness of the chip. 

7. Decrease galling in bearing ap- 
plications, again because of the lub- 
ricating effect imparted the 
graphite flakes. 

The amount, size, and distribution 
of the graphite flakes materially 
affect the properties of cast iron. 
However, due to the fact that the 
same. factors that affect the graphite 
also affect the matrix, it is difficult 
to evaluate quantitatively the in- 
dividual effects of the variations of 
the graphite. 

If it were practical to develop 
various distributions and sizes of 
graphite flakes in a constant matrix, 
then it would be possible to evaluate 
the effect of various graphite dis- 
persions. In the case of malleable 
iron, where the matrix is entirely 
ferritic, it has been possible to make 
such a correlation of the effect of 
primary graphite flakes upon phys- 
ical properties.‘ 

Therefore, the changes of proper- 
ties with microstructure (as shown 
in Figs. 4, 5, anc 6) are the result 
of combined changes of the graphite 


by 
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flakes and of the n 
tempt to determine 
tively the effects of : 
upon properties has | 
recently by Adams.°® 
Adams considered as 
(1) oY 
matrix st 
3) cell size. The cells 


microstructure: 
9 


acteristics, (2 
Adams are apparently t! 
the 
point constituents to aust 


segregation of low 
boundaries. 

Although the quantitat 
of changes in the microst 
graphite on properties hav 
been determined, certain qualitat; 
effects listed below are known 

1. Increased amounts of graphiti 
carbon reduce strength and increas, 
machinability. 

2. Graphite flake distribution and 
size have little effect upon hardness 
which is controlled primarily by th 
structure of the Hardness 
is a function of composition and 
cooling rate, both of which affect 
the structure of the 
control the presence 
cementite. 

3. Small random (Type A) graph- 
ite flakes are conducive to higher 
tensile strengths than are small in- 
terdendritic groupings or large ran- 
dom flakes. This effect cannot be 
seen from the curves accompanying 
this article as the weakening effe 
of the smail interdendriti 
(Types D and E) obtained by 
cooling is overbalanced by the effect 
of faster cooling in strengthening th 
matrix. 

Ladle inoculation is 
widely throughout the literature as 
a means of improving strength by 


matrix. 


matrix and 


of massive 


a 
rapid 


proposed 


Fig. 8—Schematic comparison of the properties of cast iron and cast steel both having the 

same combined carbon content. The principal difference in microstructure is the presence 

of graphite flakes in the cast iron. A small part of the difference in most properties can be 
attributed to the difference in silicon content. 
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lency for formation 
graphite. The the- 
{ ladle inoculation 
arized in a recent 


Vf ntite Effect. Massive 
me be avoided when an 
achined. Although a 

bution of cementite 

ighout a matrix may 

| litt t upon hardness and 

mall reduction in ten- 

e stl it may cause an iron 
be virtually unmachinable by 

din hods, or in milder cases 
force reduced machining speeds 

od feeds. Conversely, massive 
mentite desirable when wear 
jstance is the primary service re- 


Pearlite Effect. As in steel, fine 
earlite is conducive to relatively 
hich strength and hardness; coarse 
arlite to lower strength and hard- 
ness. Even very coarse pearlite, how- 
ever, is considerably stronger than 
massive ferrite. All massive cement- 
te-free, pearlitic cast irons are 
readily machinable. Irons «. tain- 

g coarse pearlite machine some- 
what more readily than those con- 
taining fine pearlite. 

Massive Ferrite Effect. Massive 
ferrite in cast iron has the same 
effects as in steel. It is a soft and 
weak constituent that is readily 
machinable, especially so in cast iron 
where the chips break up readily 
due to the effect of the graphite 
nakes, 

Effect of Heat Treatment Upon 

Microstructure and Properties 

Annealing Effect. Annealing be- 
low the critical range (for example, 
at 1000-1150° F.) has practically no 
effect upon the microstructure and 
hence little effect upon physical 
properties, but may be used to relieve 
stresses and reduce or eliminate dis- 
tortion of finished parts. 

Full annealing changes the micro- 
structure considerably. Such a heat 
treatment above the critical range 
ior example, at 1500-1750° F.) 
breaks up massive cementite to form 
graphite and ferrite, thereby increas- 
ing machinability. Full annealing, 
consisting of slow cooling following 
heating at the annealing tempera- 
ure, also will soften the pearlitic 
matrix, especially in castings having 
relatively thin sections or in chill- 
ast or permanent mold castings. 

Therefore, such treatment will re- 





sp H. W. Lownig, Jr. 





sult in a considerable reduction in 
hardness and stiength, but will in- 
crease machinability. Figure 9 illus- 
trates the structural changes occur- 
ring during the annealing of two 
typical cast irons at various tem- 
peratures. 

Quenching and Tempering Effect. 
Due to the similarity of the cast iron 
matrix to steel, the structure and 
properties of cast iron can be 
changed, as for steel, by quenching 
and tempering. The limitation im- 
posed by the low ductility of cast 
iron is that complicated sections 
sometimes cannot be quenched be- 
cause of the tendency to form 
quenching cracks. 


Martensitic Matrix 

Figure 10 shows the martensitic 
matrix developed by oil quenching 
and tempering of the iron shown in 
Fig. 2. By thus changing the micro- 
structure, the tensile strength was 
increased from 36,000 to 53,000 psi. 
In a typical case, quenching was 
used to increase the hardness of a 
cast iron from 200 to 500 Bhn. 
Wear resistance in such cases in- 
creases greatly over that of the as- 
cast structure. 

A high initial combined carbon is 
not necessary for the hardening of 
a cast iron by quenching as relatively 
rapid re-solution of carbon from the 
graphite flakes occurs at tempera- 
tures above the critical range. Irons 
composed entirely of graphite and 
ferrite may be hardened to high 
hardness by suitable treatment. 

Acicular Structures. Flinn and 
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Reese’ have shown that suitable 
alloying of cast iron with nickel and 
molybdenum, followed by a low 
temperature heat treatment, will re- 
sult in acicular structures such as 
that shown in Fig. 11. Such irons 
are reported to have tensile strengths 
up to 105,000 psi. 


Summary 

The effects of microstructure upon 
the tensile strength and hardness of 
cast iron can now be summarized 
by a closer study of Figs. 4, 5, 6, 
and 9. 

In Figs. 4, 5, and 6, as the section 
size increases, massive cementite 
disappears, the pearlite becomes 
coarser, graphite flakes become larger 
and free ferrite appears in greater 
quantities. Each of these changes 
contributes to the progressive lower- 
ing of the tensile strength and to 
improved machinability. 

However, with thin sections or the 
use of chills, a condition is reached 
where massive cementite begins to 
form. As the amount of massive 
cementite increases, tensile strength 
and machinability drop rapidly, 
whereas hardness increases. This 
formation of massive cementite, 
therefore, is responsible for the sud- 
den drop in tensile strength occur- 
ring for the thin sections illustrated 
in Figs. 4 and 5. 

Lowering of the total carbon and 
silicon contents of the metal de- 
creases the graphitizing tendency of 
the iron and increases the stability 
of the cementite (including the 
cementite in the pearlite). Such a 


Fig. 10 (Left)—Same iron as that shown in Fig. 2 after oil-quenching from 1500° F. and 

tempering at 900° F. The microstructure consists of graphite flakes in e matrix of tempered 

martensite. Nital etched, 500X. Fig. |! (Right)—Acicular structure formed by certain nickel- 

molybdenum alloy iron compositions. When tempered at low temperatures this type of 

microstructure is responsible for very high tensile strengths of the order of 60,000 to 100,000 
psi. Nital etched, 500X. 
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in analysis, therefore, tends 


change 
to restrict coarse pearlite, large 
graphite flakes, and the formation 
of massive ferrite, and hence results 
in higher tensile strength and hard- 
ness, especially in the thicker sec- 
tions. A comparison, of Figs. 4 and 5 
shows this to be true. 


Full Annealing 

Figure 9 illustrates the fact that 
full annealing of a cast iron is to be 
avoided when high hardness and 
high strength are desired. Full an- 
nealing will eliminate massive ce- 
mentite, however, and will promote 
the presence of ferrite, so that 
machinability is increased. 

Stress relief annealing results in 
substantially no change in micro- 
structure and does not adversely 
affect tensile strength or hardness. 
Therefore, such treatment generally 
will be beneficial to any engineering 
application, especially so in the case 
of large castings or those with com- 
plex combinations of thin and thick 
sections. 

As in the case of steel, the micro- 
structure and attendant properties 
of cast ifon may be changed by the 
use of quenching and_ tempering 
treatments and by the utilization of 
alloying elements. Quenching and 
tempering result in improved strength 
and hardness through formation of 
martensite, bainite, etc., in the 
“steel” matrix. 

Similarly, alloying elements may 
be used to develop microstructures 
of increased strength and hardness 
and improved wear resistance. Some 
of the alloying effects may be at- 
tributed to the control of graphitiza- 
tion; others may be caused by effects 
on the matrix. 

Considered from the standpoint 
of casting design, a cast iron for a 
given application should be selected 
with consideration to the microcon- 
stituents which make up the iron. 
Section thicknesses should be uni- 
form, or a variation in properties 
in the different parts of a casting 
will be obtained. 

If machinability and strength are 
desired in light sections, the type of 
iron used is especially important. 
Very light sections must be carefully 
considered in the metallurgy of the 
iron used in order to prevent occur- 
rence of massive cementite and re- 
sultant difficulties with machining. 
Annealing will help but leads to low 
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strength. If strength is desired in 
heavy sections, the analysis of the 
iron must be selected to give the 
desired properties. 

Because of the variation in micro- 
structure with cooling rate, it is im- 
portant to notice that a tensile 
strength determination on a test bar 
does not indicate the strength of the 
iron in all sections of a casting. A 
test bar tensile strength corresponds 
only to the tensile strength of similar 
section thicknesses in the casting; 
sections in the casting that are 
heavier than the test bar will have 
lower strength and lower hardness 
than the test bar because of the 
effect of microstructure as noted 
previously. 

Likewise, a test bar tested in the 
as-cast condition will be of little 
value in estimating the strength or 
hardness of a casting that subse- 
quently has been given a full anneal. 
even though the test bar is of a 
section thickness similar to that of 
the casting. 
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DISCUSSION 


Chairman: T. E. Eacan, 
Bessemer Corp., Grove City, Pa. 

J. H. Scuavum’: I would like to ask 
Mr. Mahin where the tensile specimens 
were located. It is important to know 
whether you pulled a 6-in. diameter spec- 
imen or a smaller specimen from the 
center or the edge of the test bars. 

Mr. Manin: They were taken from 
the center. 

J. R. Gotpsmirn’: 


Cooper- 


Was it a machined 


test bar such as a 0.5 
the hardness that you 
the test bars? 


Mr. Lownie: All tes: 
machined from the c: 
bars and all had thread: 

For bars cast to 
ASTM Tension Test Spe 
in. diameter in the redu: 
used. For 1.2-in. bars, 
B (0.750-in. diameter 
the ie 3%, and 6-in. dian 
imen C (125-in. diamet 
For bars cast to 2-in. di 
fication of Specimen A w 
standard proportions wer: 


Brinell Hardness meas 
made at the center of th 
specimens. 

R. W. Linpsay’® (writter 
It was interesting to note the compar: 
between Figs. 9b and 9c. The graph» 
shown in Fig. 9c would be classed 
flake-like in nature. Now. 
likely expectation would lx 
graphite resulting from annealing 
1700° F. of iron of the structure show; 
in Fig. 9b would be nodular or temp 
carbon-like in character. 

It was mentioned that the structure }; 
Fig. 9c resulted from the annealing oj 
an iron already containing some fal 
graphite in the structure, hence an jro; 
that would be classified as a mottled jro; 
rather than a white iron. This w 
account for the graphite resulting fro: 
“breakdown” of the carbide at this t 
perature appearing as flakes rather thar 
temper carbon nodules. It might be | 
ter to show in Fig. 9b a structure in 
ing some of the flake graphite in th 
cast” iron. 

Annealing of cast iron of complet 
white structure such as shown in Fig. % 
would lead to development of temper 
carbon, the for of graphite commor 
associated with malleable iron. Thus, if 
the authors removed a piece from th 
pure chilled iron part of their samp 
so that it would be free of any flak 
graphite that formed during or short! 
after solidification, and annealed this at 
1700° F., the graphite would be mor 
like temper carbon in appearance 

It is true that annealing complete! 
white iron at temperatures higher tha: 
1700° F., say 1800° or 1900° F., would 
produce a flake-like graphite. The ap 
proach to a well defiined flake even at 
these annealing temperatures 1s governed 
by the size of specimen and the rate at 
which they heat through the lower ra 
of temperature (1500° to 1700° F. 
Slow heating through this range favor 
graphite formation that is more like ten 
per carbon. 

In closing, it might be emp! 
I have taken exception to the author 
Figs. 9b and 9c on the basis of expectec 
structure development rather ¢! 
grounds of practical results. 
sirable consequences of chill: 
edges on supposedly gray 
would be corrected in any 
as massive or free iron car! 
nated from the structure. 
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CORE SAND 


PURCHASING FACTORS 








H. Louette 

A. E. Murton 
and 

H. H. Fairfield 


[wo sANDS of widely dif- 
ferent properties were investigated in 
urse of testing core sands for 

indry us¢ Since the test data 
ndicated some of the important 
perties which should be consid- 
red when purchasing core sand, it 
1s thought that the results of the 
nvestigation might be of general in- 
est. 
[he purpose of the investigation 
to determine which of two 
inds was best suited for the pro- 
luction of radiator cores. Figure | 
shows the type of core made. This 
is made on a bench. One half 
mmed in a core box, and the 
ther half is rammed in a drier. 
The two halves are “booked” to- 
ether and the corebox is removed. 
he drier containing the completed 
s placed on the oven rack. 
Laboratory Tests on Sand Sam- 
bles “As Received.” The two sands 
compared by mixing them 
ith | per cent of bentonite, 1 per 
t of cereal flour, and 1 per cent 


ore oil. The optimum water 
tent for each sand was deter- 
ed by test. The results ob- 


tamed are shown in Table 1. 

*Factory Superintendent, Warden King 
Ltd. (Div. of Crane Ltd.), Montreal, 
Que., Canada. 

‘Metallurgical Engineers, Bureau of 
Mines, Ottawa, Ont., Canada. 

Presented at a Sand Shop Course Ses- 
sion of the Fiftieth Annual Meeting, 
\merican Foundrymen’s Association, at 
Cleveland, May 9, 1946. 





Screen analyses of the two sands 
are given in Table 2 and Fig. 2. 
Foundry Tests on Samples “As 
Received.” The foundry test con- 
sisted of making 64 radiator cores 
with each type of sand. Details of 
this test are given in Table 3. 
Preliminary Conclusions. 
the laboratory tests it was evident 
that sand No. 1 would give baked 
tensile strengths three times as great 
as sand No. 2 with similar core 
sand mixtures. The foundry tests 
were not conclusive because the 
mixtures tested had different baked 
transverse strengths. Further test 
work was considered advisable in 
order to determine why No. 2 sand 


From 


seemed to be a “better working” 
sand. 
Laboratory Tests on Treated 


Samples. At this stage of the in- 
vestigation it was thought that the 
difference in baked strength be- 
tween the two sands was due to the 
difference in grain size distribution 
(Fig. 2). In order to test this idea, 





¥ Specification of grain 
size only in purchasing 
core sand is not a suffi- 
cient precaution to ensure 
that a suitable sand will be 
obtained. The pronounced 
effect of grain shape upon 
many of the properties of 
core sand mixtures is 
shown by tests. The round- 
ed sand grain has many ad- 
vantages over the angu- 
larly shaped grain, includ- 
ing lower core oil consump- 
tion, easier coremaking 
operations, and less gas 
and smoke in the foundry. 











sand No. 2 was carefully screened 
to the same grain size distribution 


as sand No. 1. 
out on the treated sand, and the 


Tests were carried 


results are shown in Table 4 


Shape of Sand Grains. Photo- 


micrographs of the two types of 
sand are shown in Figs. 3 and 4 
It will be noted that sand No. 1 
had a smooth, rounded grain, and 
sand No. 2 a rough, subangular to 
angular grain. These grains are re- 
ferred to as “rounded” and “an- 
gular” in this paper. 

Foundry Tests on No. 1 Sand at 
Different Oil Ratios. A series of 
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used for radiator 


casting. 


Fig. 1—Core 
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Fig. 2—Chart showing screen analysis of No. 1 (rounded grain) and 
No. 2 (angular grain) sands. 





Table 1 
COMPARISON OF CorE SANDS 


No. 1 Sand No. 2 Sand 


Moisture required to temper, %.. 1.3 3.0 
Green permeability........ 156 173 
Green bond, psi. .. ' 2.6 2.6 
Deformation, in. per in. . elon 0.0175 0.0155 
Flowability, % .. Stata 88.5 84.0 
Baked permeability icbadaeenn id 178 235 
Baked tensile strength, psi Se Eee 164.5 54 
Core hardness Sadik ahdbuslsiodinsse cseeiehota 55 38 
Hot strength at 2200° F., psi. ........ 10 14 
Hot strength at 2300° F., psi. .............0cc000 8 4 
Hot strength at 2400° F., psi. ............... 7 3 








Table 2 


Grain S1zE DISTRIBUTION 


U.S. Sereen Retained, % ———. 1 —— Cumulative, % ——. 
No. No. 1 Sand No. 2 Sand No. 1 Sand No. 2 Sand 


270 . 

ee 
A.F.A. Clay .. svecdustedcdessovwatostal 0.1 
A.F.A. Fineness No. .................. 49 











Core SANpD Purc: 


sand mixtures usin 
were prepared. Thy 
the core oil content 
transverse strength 
Table 5. 

Cores made with 
oil ratio gave excel! 
the coreroom and in 
The earlier difficult 
with sand No. 1 was 
the fact that it was 
tures with a_ high 
strength than was desi) 
der to check the effect 
strength upon results in | 
the following tests were carried 
In these tests (Table 6) the 
sand was screened so as to dy 
cate the grain size distributio, 
No. 1 sand. 

Up to this time the cor 
mixture used for radiator cores ha¢ 
consisted of No. 2 (angular 
mixed with core oil in a rati 
60:1. It was decided to condye: 
a trial run with No. | (rounded 
sand mixed with core oil in a ratj 
of 170:1. After the experiment 
had been carried out for a three. 
week period, during which 
16,000 castings were made, the gen. 
eral conclusions were as follows 

(a) In comparison to cores pre- 
viously used, the 170:1 core sai 
mixture produced much less ga: 
With the 60:1 core sand mixtur 
gas from the core vents spurted out 
into a pressure jet when the mold 
was poured. With the 170:1 miv- 
ture, only a small, lazy flame was 
noticeable at the vent after pour- 
ing. Workers noted the improve- 
ment in the foundry atmosphere 

(b) Coremakers reported _ that 
the low oil content core sand mix- 
ture resulted in cleaner coreboxes 
easier coremaking, and less sticking 

(c) In the casting cleaning op- 
eration, it was noted that the core 
sand ran freely ov* of the casting 

(d) The test cc:e mixture gav 
a smoother casting finish. 

(e) The low oil content core 
mixture required slightly closer con- 
trol in baking. 

Effect of Grain Shape. The work 
of Davies and Rees* showed that 


sand grain shape had a marked ef- 


*W. Davies, and W. J. Rees, Paper 
No. 8/1944, Steel Castings Research 
Committee, Iron and Steel Institute; an¢ 
“The Effect of Grain Shape on the 
Moulding Properties of Synthetic Mould- 
ing Sands,” Refractories Journa! March, 
1945, p. 98. 
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Tests or SANDS 












Table 3 


“as RECEIVED” 


» oil (by weight 81:1 59:1 
’ 3.4 45 
Ral rse strength, Ib. . 45 34 
- es core box needed cleaning.. 10 9 
64 cores, min. 90 55 
ports “sticks to box” “better 
“hard to pack” working 
sand” 
' n removing from driers. none 5 
in cleaning and handling 3 1 


Sand No. | Sand No. 2 












ding and coremaking 
rt and mixtures. It was 

ided that the difference ob- 
wed between No. 1 (rounded) 
1 No. 2 (angular) sand was due 
sand grain 






rence in 






In order to verify this conclusion, 
sands were selected for practi- 
test in the coreroom without 
nsideration as to the grain fine- 
The angular and the rounded 
nds were selected by microscopic 
h<ervation (Figs. 5 and 6). These 
ecimens were designated as No. 3 
inded) and No. 4 (angular). 
It was apparent from these tests 
t successful results in the core- 
om were obtained with core mix- 
tures which would develop a trans- 
rse strength of 25 to 35 Ib. when 
baked (corresponding baked tensile 
trength is approximately 100 to 175 

















High Baked Strength 
Core mixtures with higher baked 
strengths gave trouble in the core- 
room, both in ramming up cores 
ind in removing cores from driers. 
























The difference between the foun- 
dry performances of No. 1 (round- 
ed) and No. 2 (angular) sands is 
attributed to three conditions. First, 
the No. 2 sand had clay or other 
materials adhering to the grains. 
This was shown by the improvement 
attained by washing. Secondly, the 
grain size distribution of No. 2 sand 
was not as good as that of No. | 
sand. When the fine material was 
eliminated by screening, No. 2 sand 
showed better results. The most im- 
portant difference between the two 
sands, however, was that of grain 


shape. 
Grain Contact 


Rounded grains pack together 
more easily than do angular grains. 
This enables the oil-coated grains to 
have better contact with each other. 
Better contact means higher baked 
tensile strength. 


Rounded grains have a smaller 
surface area than do angular grains. 
The smaller surface area results in 
a thicker coating of oil on each 
grain; therefore, a higher baked 


Figure 5 


25X. 


ed grain. 


gular grain. 25X. 


Sand No. 2 


Left—No. 3 sand, round- 


Right—No. 4 sand, an- 





















Figure 3 
Photomicrograph of No. 1 


rounded 


sand 
smooth, 


25X. 


showing grain 





Figure 4 


has rough, subangular 


to angular grain. 25X. 
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Fig. 6—Chart shou 
sis of No. 3 (round 
No. 4 (angular 
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strength is obtained 
grain sand. 
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The areas of cont 
with rounded grains th 
cornered angular grain 
results in higher baked strengt} 
rounded-grain sand. 


rm 


GUMULATIVE % 


nm 
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Tests carried out with 

PAN No. 4 sand served to verify the 
clusions concerning th: 

grain shape. It was of « 
interest to note that th th 
an A.F.A. Fineness of 27.5 gaye , 
smooth casting, which could not } 
distinguished from one made wit 
No. 1 and No. 2 sand (A-F.A. Fin. 
ness No. 40 to 50). It is apparent 
that the shape of the sand grains 
has considerable effect upon 
ing finish. (Table 7). 
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Table 4 Table 5 
TENSILE STRENGTH, Errect oF Or. CoNTENT ON 
Sanps No. | anp 2 TRANSVERSE STRENGTH 
Baked Tensile oF No. 1 SAND 
Description of Sample Strength, psi. 
No. 1, as received 165 Sand to Core Baked Transverse 
No. 2, as received . 54 Oil Ratio Strength, lb. 
No. 2, washed only 82 ar28 54 


No. 2, washed and screened 81:1 47 Conclusions 





to same grain size dis- 114:1 34 
tribution as No. 1 107 170:1 26 

















Table 6 
TRANSVERSE STRENGTH TESTS 
Transverse 
Sand to Core Oil Ratio Sand Type Strength, lb. 
170:1 No. 1 (rounded 23 Good. 
170:1 No. 2 (angular) None All cores broke when removed 
from driers. 
Considerable difficulty in re- 
moving cores from driers. 
No. 2 (angular) Fair. 


Results in Coreroom and Foundry 


No. 1 (rounded) 46 














Table 7 


Sanp GRAIN SHAPE AND CASTING FINIs1i 
——. —— Core Sand — 
No. 3 (rounded) No. 4 (angular) 
Core sand to core oil ratio 170:1 170:1 
Core hardness ... 65 to 70 nil 
Transverse strength, Ib. .................... 24 8.5 
A.F.A. Grain Fineness No. ...............0..00+++ 27.5 47.5 
Results in coreroom... Excellent . All cores broke 
when rapping out 
of driers 


Pints Cre COMIN nisi: crkentistccielcnians Smooth 








Previous to this project, wher 
core sands were examined for foun- 
dry use the properties considered 
were: 

Refractoriness. 
A.F.A Grain Fineness 

. Amount of clay, dirt, 
foreign matter. 

4. Grain size and distribution 

As a result of the tests reported 
in this paper, it was concluded that 
the shape of the sand grain has a 
profound influence upon the prop- 
erties of core sand mixtures. There- 
fore, preference should be given to 
a sand with rounded, smooth-sur- 
faced grains. A low-power micro- 
scope is a useful tool in estimating 
the suitability of core sands 

The authors are indebted to £ 
N. Delahunt, general superinten¢- 
ent, and E. Gervais, sand control su- 
pervisor, Warden King, Ltd., for 
their valuable cooperation in wnt: 
ing this paper. Warden King, Ltd 
also wishes to express appreciation 
of the work carried out by the Phys 
ical Metallurgical Research |abora- 
tories of the Bureau of Mines, Otte 
wa, Canada. 






















MECHANICAL SHAKEOUT 









é Design, general layout, sand handling, dust 
control, costs, and general hygiene are some 
of the foundry operating factors directly af- 
fected by the shakeout installations. 





James L. Yates 
Construction Engineer 
Worthington Pump & 


Machinery Corp. 
Buffalo, N. Y. 










SHAKEOUT IS A TERM which, 
the average foundryman usual- 
has many particular transla- 

1 removing castings from 
e flasks and separating them from 
he molding sand; (2) means em- 
yed in accomplishing the remov- 
| and separation (manual, semi- 
echanical or completely mechani- 

3) the most difficult foun- 

dry job to man in the prevailing 
bor market; (4) the source of the 
jjority of foundry dust, which is 
rapidly becoming the progressive 
foundryman’s foremost problem be- 
ause of its effect on general foun- 
dry working conditions, and “the 
advent of more stringent state laws 
governing foundry sanitation and 


hygiene 






















Manual Shakeout 

Manual shakeout has been prac- 
ticed for years and there are many 
places where it still is the most 
practical way of freeing a casting 
from the flask; however, it does not 
fford much chance of controlling 
the resulting dust, and poses a fur- 
ther problem of manhandling the 
sand either to clear the floor or 
prepare the sand for reuse. 
Semimechanical shakeout, such as 
holding a flask in an elevated posi- 
ton and using a vibrator, is a some- 
Presented at a Plant Equipment Session 
of the Fiftieth Annual Meeting, Ameri- 
can Foundrymen’s Association, at Cleve- 
and, May 6, 1946. 
























what ‘faster operation for a given 
size of flask but often a more dusty 
operation than straight manhandling. 
Wear and tear on flasks and crane 
equipment is high and adequate 
dust control well-nigh impossible. 
The sand pile occasioned by shake- 
out has to be handled by hand or 
clamshell unless some special con- 
veyor system is available. Sand han- 
dling, especially from dry sand mold 
shakeout, by either manhandling or 
clamshell bucket, further aggravates 
the dust control problem. 


Mechanical Shakeout 


Mechanical shakeout, as the au- 
thor understands it and further dis- 
cusses it in this paper, is a device, 
usually a vibrating deck, upon which 
flasks are placed and the sand vi- 
brated free from the flask and the 
casting and deposited in boxes or on 
a conveyor after passing through 
openings in the vibrating deck. 

A mechanical shakeout system, to 
the author, is a combination of the 
mechanical shakeout device itself; 
the foundation upon which it rests; 
the dust control system necessary to 
control dust at the point where 
made; the conveying apparatus han- 
dling the sand shaken out and either 
storing it for future use or convey- 
ing it to other apparatus for recon- 
ditioning or refuse; and such other 
devices as are necessary to adequate- 
ly feed the shakeout (cranes, etc.) 
and remove castings and flasks from 
the mechanical shakeout deck. 

The design of a mechanical shake- 


out system presents five problems: 


1. The shakeout device itself. 

2. Foundations supporting the 
shakeout as well as other parts of the 
system. 


3. Dust control apparatus. 

4. Equipment for handling the 
sand from shakeout. 

5. Crane, conveyor or other equip- 
ment to bring flasks to the shakeout 
and to take the castings and flasks 
away after shakeout operation. 

Each of these problems has a def- 
inite relation to a particular foundry 
layout and, usually, a change of one 
element—size, shape, location, or 
otherwise—affects the other elements 
of the system. 

Assuming that the majority of 
foundrymen are interested in the ap- 
plication of mechanical shakeout 
systems to existing foundries, the au- 
thor attacks the problem from that 
angle. Treatment of the subject of 
mechanical shakeout from the stand- 
point of the design of a new foundry 
would of necessity be different if one 
expected to benefit from the im- 
provements made in foundry prac- 
tice in the last decade. 


Shakeout Systems Vary 

No one design of a mechanical 
shakeout system will fit every re- 
quirement of existing foundries. 
Many foundries—such as jobbing 
foundries—make a wide size variety 
of castings and require more than 
one design of mechanical shakeout 
system. 

As to the mechanical shakeout de- 
vice itself, there are two principal 
types—each of them much alike and 
differing principally in the manner 
in which they are motivated for deck 
vibration. One type has a straight 
mechanical drive through an eccen- 
tric (Fig. 1) and the other obtains 
its motion through an unbalanced 
weight acting on a spring support. 

Both types are widely accepted 
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and both do an excellent job when 
properly applied. They are available 
in many sizes, from as small as 2x3 
ft. to as large as 8x10 ft., and when 
used in multiples they are limited 
only by the means of getting rid of 
the sand after it is freed from the 
flask. 

The design of the shakeout device 
itself has been well worked out by 
the equipment manufacturers. The 
foundrymen need not be concerned 
about mechanical design, but he 
must be careful to select a size in 
keeping with his requirement and his 
pocketbook because the device itself 
usually represents but a small part 
of the cost of a mechanical shake- 
out system. 


Grate Openings 

In addition to the matter of shake- 
out size, there is the matter of size 
of openings in the shakeout grate. 
There are two schools of thought on 
this matter, one of which insists upon 
large openings and passes the work 
of breaking the lumps to other parts 
of the equipment, and the other 
which advocates the smallest prac- 
tical opening. 

With large openings the shake- 
out deck clears rapidly but usually 
passes gaggers, tramp metal, sprues, 
gates, etc., which must be sepa- 
rated from the sand at some other 
part of the system. Usually, the larg- 
er the flask the larger the lumps, 
especially in dry sand work. The 
number of gaggers likewise increases, 
quite often out of proportion to the 
increase in flask size. 

By the same token, large flasks 


Fig. I- 


are not handled as rapidly as small- 
er flasks, and the time required for 
one flask through the shakeout op- 
eration ordinarily is sufficient to al- 
low the sand to flow through small 
holes. Sand lumps not passing 
through the small openings are 
crushed when the flask is 
placed on the shakeout. 

On the basis of personal observa- 
tion and experience, the author 
leans to the smallest practical open- 
ing. With a maximum opening 14x 
4 in. on a vibrating deck 12x33 ft. 
with a shakeout area of 396 sq. ft., 
and handling lumps of dried sand 
8x10x6 in. that support an 
average man’s weight, it has been 
found that practically all of the 
lumps will break up and go through 
the deck by the time the crane crew 
can remove and land the flask, pick 
up and land the casting and de- 
posit another flask on the shakeout. 
Any lumps that remain are quickly 
crushed when the next flask is land- 
ed on the shakeout deck. 


Green Sand 

On shakeout decks 36x42 in., it 
has been found that green sand 
readily passes through openings 
34x3 in. On large shakeouts, say 5x6 
ft., openings of 1x3 in. have proved 
quite satisfactory. 

In handling small, dry sand flask 
shakeouts, again with reasonably 
hard lumps 3x3 in. openings are sat- 
isfactory; as a matter of fact, the 
original openings have been reduced 
from 3x3 to 134x3 in. It has been 
found that fewer gaggers pass 
through the smaller openings, with 


next 


will 


Twenty hp. multiple “V” belt drive for one of the 6x10-ft. sections 
of the shakeout, Motivating counterweight and spring supports in the center. 


MEcHa? 


correspondingly les: 
conveying system an 
tear on conveyor be 


Foundatic 

Foundations for s} 
especially those shal 
to handle extremely | 
flasks 10x30 ft. and 
wards of 50 tons. 
consideration of mar 

1. Location of the 
relation to building suppor 

2. Character of the om 
which the foundation is to re 


3. Piping and waterproofing 


4. Proximity of the shak 
adjacent buildings 
owned by others. 


5. Shakeout 
ence to 


location with 


chemical or metallurgic, 


laboratories where sensitive balane 


are used. 


6. Location with resp: 


chine tools that turn metal, either 


by cutting or grinding 


7. The usual 


considerations 


the location of heavy equipment i 


relation to crane 


flow, chipping room, sand storag 


te 


fac ility. materia 


and proper placement to suit gen- 


eral foundry layout. 


In general the foundation is found 


to be appreciably large: 


shakeout deck area, and 


supported on steel which spar 


8 


foundation walls in order to provid 
room for the hoppers receiving t 


sand as it cascades 


through 


shakeout deck, room for the feeder: 
and conveyors taking the sand fron 
the hoppers, and working room for 


the operator who must grease 


the 


conveying apparatus and tend suc! 
other devices as are in the pit. Fur- 


thermore, a 
should be provided because 


means of dr 


alnage 


some 


water will get into the pit in spite 


of all preventive measures 


Pit Construction 
On large shakeout instal! 


ations 


the pit over which the shakeout de- 
vice is mounted is constructed with 


at least 6 ft. of headroom and, 


wnel 


allowance is made for pit floor and 


pit roof, the excavation 
ft. or more below the four 
level. This depth is gr 
that of the average cra! 
footing, and quite often 
derpinning the building 
making the pit wall hea 
to take the load due to ¢! 
footing; therefore, as 
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inted out, it is Important to con- 
sider shakeout location with refer- 
to building columns or sup- 

rts 
Consideration of ground or soil 
haracteristics is most difficult, un- 
familiar with them 
through previous foundation experi- 
nce in the immediate area. Any 
ondition from hardpan to quick- 
sand may be encountered. However, 
good foundations can be placed in 
ny sort of ground, provided that 
precautions are taken to make the 


one is 





foundation design suit prevailing 
onditions 
\ll vibrating shakeout devices 


have shaking forces, some more so 
than others, and there are times 
when the minimum shaking force 
be absorbed by the foundation 
an important consideration in 
shakeout device selection from the 


standpoint of foundation cost. 
[he location of underground pip- 
ng is important because it is cost- 


’ to reroute piping of any appre- 
ce. Storm sewers and other 


crainage lines disturbed during ex- 
avation often cause no end of trou- 
DHl¢ by 


king during pit construc- 


Fig. 2—Sketch showing method of 

making vertical construction joints 

in concrete pit of shakeout tnstalla- 
tion. 


tion, or afterward by 
through construction joints. 

Extreme vigilance on the part of 
the owner or his agent is required 
during pouring of concrete if the 
pits for shakeout installations are to 
be made watertight. Short cuts tak- 
en by contractors often result in 
water seepage into pits 6 months to 
a year after a shakeout is put into 
operation. 

The practice of placing metal 
dams (flat pieces of sheet copper or 
galvanized iron 6 in. wide) at all 
horizontal construction joints so 
that they are half width in the first 
pour and half width in the next 
pour is well worth while. Vertical 
joints require careful treatment, and 
the metal dam shown in Fig. 2 has 
worked out well. The best possible 
waterproofing is none too good 
when shakeout foundations are 
placed in normally wet areas. 

Next in importance is the loca- 
tion of the shakeout with regard to 


seepage 





adjacent buildings, especially dwell- 
ings. Shakeouts do make some noise 
and there are times when it is ob- 
jectionable, especially if prevailing 
winds are such as carry the noise to 
adjacent dwellings. This is especial- 
ly true if the shakeout works at 
night when the usual factory or 
foundry noises are at a low ebb. 

Shaking forces which may not be 
noticeable immediately around the 
shakeout may cause vibration at 
distances of 100 ft. or more from 
the shakeout location and, while 
they may be of a magnitude difficult 
to measure, they are sufficient to 
rattle dishes and other objects and 
create unpleasant situations for all 
concerned. 

Chemical and metallurgical lab- 
oratories with their delicate “bal- 
ances” and other instruments and 
chemical glassware are readily dis- 
turbed and sometimes made inop- 
erative due to vibration transmitted 
through the ground, and it is well 
to keep large shakeouts at a reason- 
able distance from them. This is 
especially true in areas where 
ground conditions are poor. 

Experience has shown that 
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ground-borne vibration of small 
magnitude will seriously affect the 
finish on either 
ground or turned. There have been 
cases where machine tools have had 
to be insulated by non-vibration- 
transmitting or vibration-absorbing 
materials in order to prevent foun- 
dry-made vibration from affecting 
the finish on work being machined. 

Location of the shakeout deter- 
mines the location of the founda- 
tion, but there are other considera- 
tions such as crane facility, mate- 
rial flow, relative chipping room 
location, sand storage, and proper 
placement to suit the general foun- 
dry layout, and these will be dis- 
cussed later. 

The availability of a crane over 
the foundation will expedite the ex- 
cavation, placing of forms and pour- 
ing of concrete as well as setting 
up the equipment which rests in 
and on top of the foundation. 

Refuse foundy sand makes ex- 
cellent fill around the foundation 
and can be piaced after the concrete 
has set. If the foundations are out- 
side in the weather and set on clay, 
it is well to set a tile drain around 
the foundation in a manner similar 
to that used in dwelling basement 
construction due to the fact that, for 
at least a few years after building, 
surface water from a considerable 
area will accumulate in the broken 
ground around the foundation. 


parts that are 


The design of the foundation it- 
self has to suit so many variables 
that it is difficult to set down any 


hard and fast rules. In _ general, 
foundations are constructed of rein- 
forced concrete, often in conjunc- 
tion with rolled sections (“I”’ beams, 
channels, etc.) set to suit the super- 
imposed equipment. They must be 
carried down to a solid footing or 
the equivalent. In all cases, it is 
well to isolate shakeout foundations 
from building or crane column foot- 
ings, building walls, and foundations 
for other equipment. In_ special 
cases, it is well to consider vibra- 
tion-absorption materials of the rub- 
berized fabrics, rubber or steel 
spring type, in order to prevent 
transmission of vibration. 


Shakeout Dust Control Apparatus 


One of the most important rea- 
sons for installing mechanical shake- 
out is that it affords an opportunity 
for better control of the resultant 
dust. Many variables enter the pic- 
ture and each shakeout installation 
presents an individual problem. 


Shakeout dust usually leaves the 
flask at a temperature higher than 
that of the average temperature for 


Fig. 3 (left )- -Close-up of 28x9-ft. 

flask on shakeout during vibrating 

period. Roof closed. Entire shake- 
out deck in motion. 

Fig. 4 (center)—Close-up of 72-in. 

diameter by 40-in. deep cope being 

vibrated. Roof closed. One-third of 

shakeout deck in motion. 

Fig. 5 (nght)—Hot mold 

transported to flask yard for cooling 
prior to shakeout. 


being 
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the building in wh 
therefore, it has a 
and to follow any 
its immediate vic 
shakeout operations 
the dust and further 
problem. 

The tendency for d 
gests overhead dust 
tunately, overhead sp 
the shakeout grate is. 
cause it is in the area 
ment. In general, foun 
to have no obstructio; 
of flask handling, parti 
overhead cranes are us 

Therefore, it is neces 
promise between ease of 
dling and the difficulty 
shakeout dust in dir 
than natural flow. Rep 
have proved that the best dust 
trol is accomplished by arr 
collecting it close to 
where made.” 

There are three generally 
ed basic methods of dust 

1. Overhead hoods or 
closures. 

2. Down draft. 

3. Side hoods. 

A fourth method, complet 
closure, with openings only lar 
enough to pass the required cont: 
air, is being tried in connectio1 
what is thought to be the 
largest completely live-deck st 
out, and it may be that this met! 
will set a pattern for the 
shakeouts. 

The “overhead hood” 
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onditions as it is 


to suit a 


the complete en- 

unt of air (cu. ft. 
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of hood can be 
urately by measur- 
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s figure can be made 
rea of the shakeout 
iltiplying by 200. It 
use whichever fig- 
s th ter. The exhaust con- 
| be at the top of the 
bly at the apex of slop- 


Dust Control Systems 


Downdraft, as the name implies, 
thod of drawing dust, steam 
fumes through the shakeout 
by means of exhaust connec- 


; in the shakeout hopper. This 
of shakeout dust control ap- 
foundry operator be- 

es no hood above the 

nd gives the shakeout 
operator unobstruct- 

the shakeout grate. Oc- 
downdraft 

bi 


systems are 
it these installations are 
tion rather than the rule. 
reasons for difficul- 
shakeout dust 


Some of the 
downdraft 

| systems are: 

he natural path of dust and 

vel is upward, directly op- 


+} 


direction of control air 


s particularly true when 
ngs are shaken out hot. 
he aximum concentration 


isually is well above the 
the grate and much of the 
exhaust) air bypasses from 
oor through the grate with lit- 
» effect in the area of maaxi- 
t concentration. 

lemporary coverage of the en- 
tire grate with sand may complete- 
ly shut off the flow of control air 
at the dust 


concentration 
‘ 


t. On large shakeouts, conveying 
equipt 


moment of maximum 


usually is of such capac- 
quire more time to clear 


the shakeout hoppers than it does 


the shakeout to fill them. Conse- 
quently, the hoppers act as surge 
chamb and often are so fully 


ae os, 
ec with sand as to completely 


kK the control air connections. 
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Table 


Rate COMPARISON 
SEMIMECHANICAL AS AGAINST Ful 


Castings Old Neu 

Flask Depth, in per Standard, Standard, 
Part Size, in Cope Cheek Drag Flask units unsls 
Liner 72 (diam 16 28 40 5 214 132 
Sheave 72 (diam 16 16 l 121 88 
Engine Frame 92x276 35 35 l 997 313 
Engine Frame 92x276 17 35 l 642 382 
Cylinder 60x 136 33 33 l 370 166 
Cylinder 72x90 30 30 l 284 113 

Table 2 
DETAILED RaTE COMPARISON BREAKDOWN, SEMIMECHANICAL AND 


FuLLY MECHANICAL SHAKEOUT 
THE SAME PATTERN AND 


(Engine frame, finished cast weight, 25,000 Ib.) 


Cope (35-in. depth) 





—Old Standard—. —New St 
uan- Quan- 
tity Units tity 

Runners 2 18 
Risers 9 12 
Bolts : 47 56.4 47 
Plates . — 
Pick up and store flask 49 
Vibrate ........ 556 
Rollover - 
Gaggers and rods 53.3 
Casting (removal 

and handling) 
Open and close 

shakeout doors 
Total 744.7 


Old Rate, Total Units 
New Rate, Total Units 


ON BASIS OF 


LY MECHANICAL SHAKEOUT 


oF CasTINGS MapE From 


IN THE SAME FLASK 


——_—Drag (35-in. depth 
andard Old Standard 


New Standard 
Quan- Quan- 
Units tity Units tity Unit 
22.8 
4.5 
56.4 47 56.4 39 46.8 
~- 8 
35 49 35 
10 84 4.4 
-- 15 11.8 
33 
40 40 
6.6 6.6 
168.3 252.4 144.6 
997 
313 








5. As all of the sand from shake- 
out must cascade through the air 
being exhausted, much usable sand 
is picked up in the air stream, tend- 
ing to overload the control system 
and waste usable sand. 

The side hood 
lent compromise for the average 
shakeout that cannot be provided 
with an overhead hood. It is read- 
ily fitted to almost all sizes of shake- 
outs and usually blocks only one 
side of the shakeout. Side hoods can 
be so placed that the crane opera- 
tor’s view of the shakeout deck is 
unobstructed, thus aiding in the 
movement of flasks to the shakeout. 


offers an excel- 


Side hoods usually are of heavy 
construction, often with reinforce- 
ment to stand abuse from careless 
handling of flasks. Detail design va- 
ries considerably, with a great dif- 
ference of opinion as to the method 
of distributing air flow into the hood 
through the hood face; however, 
there are certain points which are 
in general agreement, viz: 

1. The side shakeout hood should 


be installed parallel to the long side 
of the grate. 

2. The hood should extend over 
the shakeout grate as far as possible 
without interferring too much with 
flask handling, say, within 6 to 
18 in. of the centerline of the grate, 
depending upon the type of crane 
hook and slings used. An overhang 
of at least one-third the grate area 
is a good starting point, and each 
additional in. of coverage improves 
dust control by extending the 
“reach” of the control air. 


3. The length of the side hood is 
extremely important; it should be 
longer than the long side of the 
shakeout in order to prevent by- 
passing of control air around the 
end of the hood. Experiments tend 
to indicate that the wings (the parts 
of the vertical face of the hood 
which extend beyond the ends of 
the grate) need not be provided 
with air inlet passages; as a matter 
of fact, they often are more effec- 
tive if left blank. 


End shields at right angles to 
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—_——« come 


the extreme ends 
most helpful if it 
them. 

Side hoods are 
drafts and convectio: 
shakeout area, but t 
degree than down 
control. 

Air volumes of 
min. per sq. ft. of 
is a good starting 
volume required, an 
lations run as high 
per min. per sq. ft 

Double side ho ad 
shakeout dust contro 
what less control air, s 


Fig. 6 (top) General 
bay showing large mold 
ing. Taken before 
painted white and lar 
installed 


Fig. 7 (center )—Interior 
out cubicle showing shak: 
and dust-collectinge ma 


Fig. 8 (bottom )—View in { 
shakeout showing two of 


hoppers and two of the six 
feeders discharging to th 
feeder. Pipes shown are d 
dust collection from hopper 
left and dust pickup from 
feeder discharge and apr 
housing. 


cubic feet per minute. 

Canopy type hoods are sometin 
used because they fit certain co! 
tions. Picture a situation w! 
ings from shakeout must b« 
ed to the main bay; the 
mediately adjacent to th 
is used for making larg: 
is swept by a jib crane; th 
is fed from a roller con\ 7 
sand from shakeout is posited 
in a container below, which 1s re 
moved by overhead crane; and fur 
ther, that any hood mus‘ mov- 
able in order to allow 
aforementioned functions 
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it itself with the dust-collect- 
nifold 

lhe enclosure is arranged with an 
tri controlled roof section 
h exposes approximately 75 per 
grate area to the over- 
and an electrically op- 
section sliding front door 
the short sides of the en- 
ch provides an opening 
the shakeout. Both doors 
roof are fitted with limit 
control movement in 

tions. 
ntrol is accomplished by 
on the end opposite the 
velocity 
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through the room is controlled by 
the amount of opening left between 
the doors when the shakeout is op- 
erating. This is variable and, under 
certain wind conditions, the doors 
can be left wide open without any 
escape of dust to the outside atmos- 
phere. When other than the largest 
flasks are being handled, the sliding 
room section is opened only far 
enough to give sling clearance, thus 
obviating the necessity of removing 
the slings during shakeout. 

In addition to dust control over- 
head and across the length of the 
shakeout grate, there are ventila- 
tion connections to the hoppers un- 
der the shakeout to prevent, insofar 
as possible, and “dusting” from the 
hoppers into the equipment tunnel 
below. 

These dust-control connections in 
the hoppers, constitute a form of 
downdraft dust control, which tends 
to control dust at the extreme sides 
and ends of the shakeout grate. Also, 
these connections tend to prevent 
the “upsurge” of dust-laden air, dis- 
placed by the large volume of sand 
released when the sand in the flask 
“breaks,” from the hoppers. 


Dust Concentration 

Experience with this large shake- 
out shows that the highest concen- 
tration of dust (Fig. 4) is at the 
time the sand in the flask “breaks,” 
i.e., becomes loose in the flask and, 
on flasks that are not unhooked 
from the slings, is the time at which 
the flask can be lifted clear and 
taken to the storage pile. By the 
time the flask has been deposited 
in storage, the major portion of the 
sand has passed through the grate 
and the shakeout enclosure is free 
of dust. Then the hooker or crane 
follower can hook up the casting 
for removal as soon as the crane 
is back in position. Depending where 
the type of castings, flasks with the 
bottom grates removed are shaken 
out without further dismantling. 
With other types, the flask is split 
along the parting line and the cast- 
ing rolled out before being placed 
on the shakeout. 

Gaggers, rods, risers, gates, shrink 
bobs and the like are removed from 
the grate, either by hand or by elec- 
tric magnet, as required. An attempt 
has been made to prevent, insofar as 
possible, any gaggers or other metal 
going through the grate. Previous 
experience shows that the majority 


of forced shutdowns of handling 
systems and much of the wear and 
tear on conveyor belts are directly 
traceable to gaggers in the sand. 
Much of this difficulty occurs be- 
fore the sand goes over the mag- 
netic pulleys, and can be prevented 
by properly sized openings in the 
shakeout deck. 

Handling Sand After Shakeout. 
Up to this point in laying out a 
shakeout system, the task is com- 
paratively simple. Beyond this point 
lies most of the headaches. The 
principal reason for this is the 
rapidity with which the modern me- 
chanical shakeout devices release 
sand from flasks. 

Sand is released in a matter of 
seconds, much faster than it can be 
taken away except on the smaller 
shakeouts, where the handling sys- 
tems must be large enough to take 
the sand away as fast as it is re- 
leased from the flasks. Fortunately, 
the time element in handling the 
flasks on extremely large _instal- 
lations is such as to allow the sand- 
handling system to clear the sand 
from one flask before another is 
placed in position for shakeout. 

Handling systems are tailor-made 
for a given test set of conditions 
and vary widely. One of the simpl- 
est forms is that in which the shake- 
out sand is directed into a container 
that can be lifted by overhead crane 
and transported to the recondition- 
ing system or other point of treat- 
ment. 

Another method, and most popu- 
lar, is that in which the sand is 
deposited in a hopper under which 
runs an apron feeder. The feeder 
in turn deposits the sand on a mag- 
netic belt to remove all iron and 
steel (gaggers, bars, stools, gates, ris- 
ers, etc.), and then transfers it to 
an elevator or other feeding device 
for transport to storage, mixers or 
stock pile, as desired. 


Shakeout Problems 

Large shakeout installations pre- 
sent a number of serious problems. 

1. Provisions necessary for rapid 
handling of huge quantities of sand. 

2. Storage facility to keep the sand 
out of the weather and still im- 
mediately available for use. 

3. Facility for getting the sand 
back into the system. 

4. Accomplishing all of the fore- 
going at low cost, considering both 
cost and operating cost. 


MECHAN! 


As a specific exa 
practice and foundry 
large foundry prior t 
tion of a large shal 
cited. 

Large flasks (28 f: 
wide, and 6 ft. high 
out at night by hangi: 
crane sling and using | 
brators attached to th 
the efforts of men wi 
sledges. After shakeout : 
piled by clamshell bucket 
required, handled by the bucket jn: 
a hopper feeding a synthetic san: 
preparation system. 

The molds, after pouring, wer 
taken to a flask yard to cool (Fig 
5), brought back after cooling {o, 
shakeout, and the flasks returned 
to the flask yard after shakeout , 
await reuse. All molding in thi 
foundry was in flasks, regardless 0 
size or weight. A sizable portion oj 
the main bay of the foundry, unde; 
a heavy craneway, was occupied by 
a combination of sand pile and 
shakeout (Fig. 6). 

Problem. Cut down shakeout 
time, rid the foundry proper of sand 
piles, save wear and breakage of 
flasks, clean up the foundry atmo: 
phere, and make the area used fo: 
sand storage and shakeout withi 
the foundry available for more pro- 
ductive use. 

Solution. (a) Mechanical shake- 
out; (b) mechanical sand handling 
(c) outside sand storage. 


Large Unit Required 

The size of shakeout required was 
larger than any single unit shakeout 
on the market, making it necessary 
to combine six units in order to get 
the required area. 

As it works out, a unit made up 
of a multiplicity of smaller units 
has flexibility that is definitely ad- 
vantageous to the jobbing shop type 
of foundry (Fig. 7). True, there s 
the problem of making individual 
units work alone or in unison with 
others, but this has been success 
fully worked out. 

The question as to hole sz 
through shakeout grates has been 
settled on the basis of the smallest 
holes possible that will allow the 
grate to clear in a reasonable time 
without passing gaggers, etc. Open 
ings of 114x4 in. have proved cap- 
able of handling sand lumps 
10x10x8 in. and hard enough to 
support an average man’ weight 




















six 6x10-ft. units 

fully live deck or 

; tally controlled so 

r a nv combination, in- 

ee ultaneously, can be 

ledge around the 

the shakeout pre- 

sand, regardless of 
its are operated. 


d Hoppers 
the shakeout drops 
hoppers, each fitted 
ist connection to con- 
ited within the hop- 
th es, and further ar- 
1 t deposit sand onto vibrat- 
rs which, in turn, discharge 
t a ste pron conveyor Fig. 


ry feeder is individ- 
ly controlled through a half-wave 
vectifer, and so arranged that the 
rate of feed onto the apron can be 
trolled by the operator. This ar- 
rangement prevents sand sticking in 
the hoppers, uncontrolled overload- 
ing and jamming of the apron feed- 
er. and further allows accelerated 
movement of sand when shaking out 
smaller flasks 

From the apron feeder the sand 
lischarges onto a magnetic pulley, 
nd then into a revolving, hexa- 
gonal screen. Tramp metal is dis- 
harged into a box on a narrow- 
gauge car so that it can be pushed 
ut under the overhead crane ( Fig. 


Coke, cinders, and lumps which 
will not pass through the screen are 
discharged to a refuse belt and 
mveyed to a box under the main 
rane 

The hexagonal screen is pro- 
vided with an air curtain which 
an be adjusted to control fines 
pick-up as required to maintain 
proper permeability of the sand be- 
lore it goes to storage or to the 
mixers 

After cascading through the air 
urtain the sand lands on another 
magnetic belt, and small pieces of 
tramp metal and a_ considerable 
juantity of iron oxide in the form 
of flask scale, etc., are taken out. 
The magnetic belt discharges onto 
4 cross conveying belt under ground, 
which runs under two 250-ton ca- 
pacity salt-glazed tile silos to the 
boot of an elevator. 

The top of the elevator (Fig. 10) 
is arranged to discharge either to 
storage in the two 250-ton silos, or 











into the sand feed bin directly over 
the muller in the foundry, simply 
by changing the position of the 
flop gate. 

Sand from either of the storage 
silos can be tranferred to the 
foundry by opening gates over the 
cross conveying belt and again us- 
ing the elevator with the flop gate 
set to discharge to the foundry 
conveyor (Fig. 11 

Dust control of the shakeout is 
as previously described, with wet 
rotoclones handling the dust and 
automatically discharging it as a 
wet sludge. Control of the system 
dust, from transfer points, fines 
control, tunnel, and etc., is han- 
dled by a second rotoclone, again 
with the dust being discharged as a 
wet sludge. 

Considering that the air drawn 
into the shakeout enclosure may be 
at freezing temperatures and that 
water is sprayed into the rotoclones 
to collect and wash out the dust, 
provision has been made to supply 
heated water to the shakeout roto- 
clone. The shakeout cubicle is not 
heated, and no trouble has been ex- 
perienced in taking air directly 
from the atmosphere at tempera- 
tures down to 10°F. 

First and foremost result of the 
installation is the cleaner foundry 
atmosphere, which has prompted 
the use of white paint on all inte- 
rior walls of the foundry, with a 
gray dado. All equipment and bins 
are painted aluminum, jib cranes 
aluminum with yellow stripes, and 
all overhead cranes yellow. 

Overhead lighting is seldom nec- 
essary during daylight hours. Win- 
dows, skylights, reflectors and light 
bulbs require less cleaning. Light 
reflection from white paint is 
greater and the whole atmosphere 
brighter. 


Washroom Facilities 
Up-to-date washrooms, in keep- 
ing with the generally cleaner 
foundry, make the foundrymen the 
cleanest and best _ street-dressed 
group coming into and leaving the 
plant. 

Mechanical shakeout has con- 
tributed heavily in making this 
foundry a pleasant place to work. 
Furthermore, it improves foundry 
production and decreases cost by 
eliminating much of the laborious 
work and making it possible to do 
the remaining work efficiently. 


Examples taken at random from 
rate cards are listed in Table 1 and 
show over-all shakeout savings made 
possible through the use of mechan- 
ical shakeout. These figures show 
only reduction in rates for a given 
operation and not the benefits from 
the large number of intangibles, all 
of which tend to improve other 
operations and contribute to greater 


production and lower costs 


Large Shakeout Advantages 
Further, it is apparent that by 
and large a mechanical shakeout 
can handle molds faster than they 
can be fed to it; therefore, in pro- 
through 
shakeout, 


jecting expected savings 


the use of mechanical 
they must be predicated on the 
slowest link in the chain, which 
usually is transportation of the 
flask to and from the shakeout. 

An example of this is shown in 
Table 2, which gives a comparison 
of rates on semimechanical as 
against fully mechanical shakeout 
of the same flask and casting. The 
actual shakeout time is vastly re- 
duced, but other factors, which are 
part of the complete cycle of opera- 


tions, remain the same 


DISCUSSION 


Chairman: James Tuomson, Conti- 
nental Foundry & Machine Co., East 
Chicago, Ind. 

Co-Chairman: C. P. Guion, W. W 
Sly Mfg. Co., Chicago 

MemBer: How much area do you have 
through the door opening? 

Mr. Yates: We have not yet deter- 
mined what the minimum is going to be 
We have a 36-in. rotoclone handling that 
room. According to the New York State 
Code, we would have to have one twice 
or three times as large. Fortunately, how- 
ever, the New York State Code does con- 
tain a clause which makes it possible for 
a properly engineered job that comes 
out with the desired result to use other 
than the stipulated velocities and the 
cfm. per sq. ft. of grate area as given 
in the code. 

In this particular installation we are 
under very close scrutiny. There are 
dwellings immediately across the street 
from the shake-out. On the other side, 
there is a public park. Any dust or any 
smoke that gets away from this plant is 
immediately spotted and it does not take 
15 min. before the Smoke Abatement 
Inspector calls it to our attention. 

On the operation of the shake-out, we 
can set the doors as we see fit and be- 
lieve we can adequately control the dust 
with a comparatively small amount of 
air. This shake-out figures at about 125,- 
000 cfm. We are doing it with something 
less than 50,000 cfm. 








MALLEABLE CORE MAKING PRACTICE 


€ In the mechanized foundry of today, the sand used jn the 

coreroom is the basis for the sand in the foundry, Proper 
selection of sands for cores is of utmost importance as these 
sands will largely determine the casting finish obtained and 
permeabilities of foundry sands. 





E. C. Zirzow 
National Malleable & 
Steel Castings Co. 
Cleveland 


CONTROL OF CORE SANDs has 
been neglected by the foundry in- 
dustry as a whole. Great strides 
have been made in the proper con- 
trol of foundry sands, but little has 
been done with core sands and mix- 
tures, and it is the author’s intention 
to present a brief summary of gen- 
eral coreroom practice in the mal- 
leable foundry with which he is 
associated. 

Sands are received in the plant 
in open hopper cars. These sands 
are unloaded and placed in the 
various bins in the storage bay. From 
the bins the sands are taken by 
means of a grab bucket and crane 
to the sand dryer. At the dryer the 
moisture is reduced to about 0.3 per 
cent and sand conveyed by means of 
an elevator and belts to the storage 
hoppers in the mixing room. 


Sand Buggy 

Sands are drawn from these bins 
through hand-operated gates and 
placed in a buggy which holds 800 
lb. of sand. The sand buggy is 
pushed by hand to the electrical 
hoist at the sand mixers. At this 
point the sand and buggy are hoisted 
above the sand mixers and the sand 
flows into the mixer. The buggy is 
lowered and is ready for the next 
batch. 

Clay and cereal binder are re- 
ceived in box cars and transported 
by truck to the storage room in the 
basement. From storage it is con- 
veyed by hand truck to the mixing 


room. The mixer operator then 
dumps the bags into bins located at 
the two mixing machines. 

Core oil is blended in the core oil 
plant in the foundry and pumped 
into large storage tanks for aging. 
From these aging tanks the core oil 
is pumped to smaller tanks in the 
mixing room. 

After the sand has been placed 
in the mixer as described, the green 
bonding material is added. These 
binders are measured and added by 
volume. This mixture of sand and 
green binder is mixed for one min. 
Core oil is then added, followed im- 
mediately by the water, and mixed 
an additional 4 min. 


Core Sand Distribution 

The eore sand mixture is dis- 
charged from the mixer and con- 
veyed by elevator to the distribution 
bins located in the mezzanine floor 
above the coremakers. From these 
distribution bins the mixture is taken 
by cart or buggy and dumped into 
the hoppers of the coremakers. 

Coremakers are grouped about 
four vertical-type continuous ovens 
(Figs. 1 and 2). About 90 per cent 
of the work is made on core blow- 
ing machines, the remainder being 
bench and roll-over. After the cores 
have been made they are placed 
directly in the oven by the core- 
maker. The cores are unloaded on 
the opposite side of the oven, placed 
on gravity roller conveyors and per- 
mitted to cool (Fig. 3). 

After cooling the cores are finned, 
gauged and mudded and placed in 


This paper was presented at a Mal- 
leable Foundry Practice Session of the 
Fiftieth Annual Meeting, American 
Foundrymen’s Association, at Cleveland, 
May 8, 1946. 


boxes. These boxes of cores ar 
transported by buggy to the varioy 
molders’ stations as needed. The 
coreroom endeavors to keep a 4-hr 
supply of cores ahead of the foundr 
All sands as received are prac- 
tically clay free. These sands can 
be divided into three classification; 
coarse, medium and fine. A fourth 
sand is used for special work requir- 
ing a high permeability Typica 
screen analyses of the four sands are 
listed in Table 1. 
Medium-grained sand is the basis 
sand and is the sand upon which 
the entire sand control in the found 
ry is based. From this sand the : 
jority of the cores is made. If it is 
necessary to obtain more permeabi- 
ity, either in the core or the foundry 
sand, coarse sand is blended wit! 
this medium-grained sand. To de- 
crease the permeability it is the 
practice to blend in the fine-grained 
sand. Every effort is made to do this 
blending in the cores in order t 
save additions of the coarser- or 
finer-grained sands in the foundry. 


Defective Cores 
In most cases, this is the most 
economical procedure. However, 
there are exceptions. If it is found 
that with additions of the finer- or 
coarser-grained sands defective cast- 
ings are produced due to detective 
cores or, in other words, the cor 
has not met the required specifica- 
tions, then the core sand is changed 
so that the core will do the job re- 

quired of it in the foundry 
Sand grains of the thr regular 
sands are of sub-angular shape. The 
special sand is composed sub- 
rounded grains. All four sands have 
minimum fusion points of F. 
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development of 
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are used 
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The slight 


f the grains due to these 


e permissible 


are subjected to screen 
re unloading. 
set up, and the sands must 

. these tolerances or they 


Toler- 


green 


The cereal 
per volume 


nd must meet the specifica- 
[he bentonite is tested in the 
and must meet the foundry 


consists of a blend of a 
table drying oil, rosin and kero- 

These ingredients are blended 
th heat and aged in storage tanks. 
he present time paddle-type 
f an ancient design are used. 
ixers first mix the sand and 
n binders, which are in the dry 
sand grains then are 
with the oil and, finally, the 
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ens 


water develops a paste from the 
green binders. The coating of the 
grain with the oil and the develop- 
ment of the green bond are accom- 
plished simultaneously. 
Various mixtures of the sands, 
green binders and core oils are used 
to produce cores with various physi- 
cal properties. These physical prop- 
erties are varied to meet specific 
foundry conditions. Specific ex- 
amples of these mixtures are listed 
in the following paragraphs. 
Mixture No. 1 is used for cores 
requiring maximum permeability, or 
cores which, because of design, it is 
impossible to vent by mechanical 


means. The scratch hardness of 
these cores will run between 55 
and 65. 


Mixture No. 2 is used for cores 
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permeability and 
and baked 
strengths hardness of 
the this 
will run between 60 and 70 
Mixture No. 3 is 
which require an exceptionally rapid 
Baked 


ness of these cores will run between 


requiring high 


slightly higher green 
The scratch 
from mixture 


cores made 


used for cores 


collapsibility scratch hard- 
60 and 70 

Mixture No. 4 is perhaps the most 
widely used of all the mixtures. This 
mixture must be sufficiently open to 
permit ready escape of the gas, and 
have sufficient strength in the baked 
condition to prevent cutting by the 
metal. Green strength must be suf- 
ficiently high to prevent distortion 
on the form dryer. Baked scratch 
hardness of these cores will run from 
70 to 80. 

Mixture No. 5 
requiring a high green strength. 


is used for cores 
[hese cores usually are made with- 
out the aid of form dryers. Baked 
scratch hardness will run between 
60 and 70. 

Mixture No. 6 is a hard sand and 
is used for ram-up, gate cores, and 
on all cores which must withstand 
abuse in the molding operation. 
Cores of this mixture will have a 
baked hardness of 80 to 90. 

All cores baked in 
type continuous ovens. These ovens 
are equipped with a variable speed 
control so that the baking cycle may 
be varied as the need arises. The 
burners are designed so that either 
natural gas or fuel oil may be used. 
Natural gas is the usual fuel. 

Temperature may be varied and 
is controlled by means of a gas-filled 


are vertical- 






















Batiery of vertical-type continuous core ovens 
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tube extending through the oven at 
approximately the hottest point. A 
portion of the gases and products of 
combustion or recirculated through 
the oven by means of a recirculating 
blower. Natural draft is used to ex- 
haust the moisture and volatile com- 
bustible matters formed in the bak- 
ing operation through a series of 
adjustable flues on each oven. 
Load-to-unload cycle will vary 
from 60 to 70 min. Graphs (Figs. 
o> 
running a traveling thermocouple 
through the four ovens. Tempera- 


6 and 7) show the results of 


tures were read for every foot of 
travel. 

On oven No. 1 the moisture 
evaporation point is reached in about 
10 min. and 20 sec. Baking tem- 
peratures are reached in 17 min. and 
Actual time in the baking 
temperatures is 39 min. and 16 sec. 


34 sec. 





Photograph of operation at core oven unloading station. 


This leaves a cooling zone of 9 min. 
and 18 sec. 
Moisture 
oven No. 2 is reached in 9 min. and 
18 sec. Baking temperatures are 
reached in 15 min. and 30 sec., and 
the temperature remains above the 
baking level for 38 min. and 14 sec. 
Cooling zone is the last 12 ft. of 
travel, or 12 min. and 24 sec. 


evaporation point on 


Oven No. 3 reaches the moisture 
evaporation point in 11 min., the 
baking temperature about 30 sec. 
later. The cores remain in the bak- 
ing zone for 40 min. and 30 sec. 
and are then cooled in the last 12 
ft., or 12 min. of travel. 

The graph (Fig. 7) for oven No. 
4 shows that the moisture evapora- 
tion point is reached in 13 min. 


Fig. 4 (left) 
oven. Fig. 5 (right) 
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ictual results obtained 






subject of core ovens 





kine. it may be advisable 






to review briefly the 






steps involved in the 





baking cores. 







Binders may be roughly divided 
classes: 1) 
r firm upon freezing; (2) 
hrm at room temperature ; 
firm upon heating; 
In other words, cores re- 






those becom- 








ubnormal 





temperature, 






uring room 


temperature, 
quiring heat and, of course, 







1 


class by 


Malleable Cores 
\s a whole, the malleable indus- 
does not use cores requiring 2 
normal temperature or room tem- 
However, 
made of binders which become 


themselves. 








to become solid. 






ipon heating, and of clays. The 





which find the greatest ap- 
n the making of malleable 
those which become firm 






ting 


| 





further sub- 
into the binders that occur 
id state, such as pitch and 

which, upon the applica- 
eat, become a viscous liquid 
irrounds the sand grain. 
pon cooling this mixture of sand 
ler resumes its original state 
a solid mass of the re- 


ass can be 













ipe. 
cond subdivision includes 
ls, sulphites and proteins, 





Temperatures through a cycle of No. 
i mferatures through a cycle of No. 4 





> 
> Core Ove 


core oven. 


and may be classified as adhesives 
Adhesives, upon the introduction pf 
water, become gelatinous and pro- 
duce the green strength in the mix- 
ture. Upon application of heat these 
binders are dehydrated and become 
hard, thus holding the sand grains 
together. 

A third subdivision is that of the 
core oils, which group includes the 
vegetable oils, fish oils 


and the polymers, either vegetable 


wood oils, 


or mineral. In the formation of the 
baked strength of this group are five 
distinct steps. It is true that some 
of these steps may overlap each 
other, but they do occur and must 
occur for proper baking of a core 


containing these ingredients. 
1. Evaporation of 3. Oxidation. 
moisture. +. Polymerization 


2. Evaporation of 5 


Decomposition 


volatiles 


the first 
greatest 


Moisture evaporatian is 
step and requires the 
amount of The core temper- 
ature will not 4) iP 
until all water has been evaporated. 
Silica sand is a notoriously poor con- 
ductor of heat, and temperature 
must be attained through the entire 
body of the core for proper baking. 
The most common defect in cores 
baked in continuous ovens is that of 


time. 


rise above 


green center. 

The core surface is heated suf- 
ficiently to drive out the moisture, 
but ample time is not allowed to 
bring the center of the core to the 


temperature necessary to permit the 


evaporation of moisture to proceed 
However, temperature alone is not 
the only method available for evap- 
oration of moisture. Evaporation 
depends upon the changes of air. It 
is much easier to dry clothes on a 
windy day than upon a day of little 
the drying of 


clothes temperatures of 212° F. are 


or no breeze. In 


not used but, nevertheless, the 
clothes do dry. 


Moisture Evaporation 
Hence, in the evaporation of 
cores it is necessary 


moisture from 


to have (1) a movement of dry air 
through the oven and (2) to avoid 
air, a sufficient 
temperature. It is a known fact 
that it is harder to bake cores on a 
humid day, when the air is saturated 
with moisture, than upon a day 
when the air is dry. 

In the graphs (Figs. 4, 5, 6 and 7) 
showing the temperature and cycles 
of the various ovens, about 50 per 
cent of the total time the temper- 


saturation of the 


atures of the ovens are at or above 
the baking temperature, or about 35 
to 40 min. This is ample time to 
permit of evaporation of the vola- 
tiles, and for the oxidation and 
polymerization to proceed provided 
that the moisture has been removed. 
Evaporation of the volatiles proceeds 
along with the evaporation of the 
moisture. The oxidation will pro- 


ceed as soon as the oil has been freed 
of moisture and the oxygen in the 
air can have free access to the oil. 

The principle of evaporation can 
be used to prevent the decomposi- 
tion or burning of thin sections of 
cores by saturating these thin sec- 
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tions with moisture, and is a com- 
mon practice. 

Use of clay as a binder in cores 
is quite common. Various green 
cores are made of molding sands, 
and not only rammed but blown. 

Cores in the malleable foundry 
are made on the bench, with a blow 
machine, and with a jolt or roll-over 
machine (Fig. 8). Cores may be 
either hand rammed or rammed 
with a pneumatic hammer. To the 
best of the author’s knowledge, mal- 
leable cores are not made with a 
sand slinger. 

The method used in making cores 
will depend upon: 

1. The number of cores required. 

2. The available equipment. 

3. The form or shape of the core. 

Generally speaking, if only a small 
number of cores are required on the 
order, from a cost standpoint it 
would not be economical to prepare 
a blow plate and vent the core box. 
In other cases, the cores could be 
made in the time required to set up 
the machine. 


Make Machine Cores 

However, if the order is large and 
the equipment is constructed of ma- 
terial that will stand up under the 
stresses encountered in blowing a 
core, it is more economical to make 
the cores on the blow machine. 
Core boxes constructed of wood or 
plaster do not stand up under the 
continuous erosive action of sand 
and air. 

Many types of cores, due to their 
shape and size, do not readily adapt 
themselves to the blow machine. In 
many cases it is more economical to 
make these cores on the bench. 

In this plant about 90 per cent of 





the work is made on the blow ma- 
chine. Between 80 and 90 Ib. air 
pressure is used. The average size of 
the blow hole is about %-in., with 
a minimum of ¥%-in. and a maxi- 
mum of one in. The usual practice 
is to start off with a ¥2-in. hole and 
work from that point. The objec- 
tive in blowing a core is to get the 
sand and air into the box, and then 
get the air out as fast as possible. 
The proper venting, blow holes, not 
only size but location, and air pres- 
sure determine to a large extent the 
uniformity of the core produced. 


Core Work 

Some cores after baking do not 
require any further work other than 
unloading and placing in proper re- 
ceptables. Others merely require 
finning, which may be due to worn 
equipment and improper clamping. 

Still other cores must be coated to 
prevent metal penetration. Many 
commercially prepared coatings 
which meet these requirements are 
available. Cores should be coated 
while they are still warm in order 
to insure that the coating will be 
dry. If this is not practicable, the 
coated cores should be placed in a 
drying oven and all moisture driven 
from the coating. 

Many times defects are caused by 
the improper use of coatings. Core 
wash manufacturers have trained 
technical men who will recommend 
the proper wash and give instruc- 
tions regarding the proper applica- 
tion. Cores may be coated while 
green by dipping or spraying. Dry 


Fig. 8—Photograbh showing variety 
of boxes used in making cores. 
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cores may be coat + 

spraying, swabbing o: Ty 
Many cores are of de 

shape that it is imp 

them as a single unit : 

the assembly of two . r. 


and the usual practice in the ». 
leable shops is to paste the yar. 
parts together, using io or on 


cially prepared fixture. Many «+. 
factory pastes are on 


Literature on the proper use of thes 
pastes is supplied by the manuf... 
turer. Here again the paste mug by 
thoroughly dry before the cor 


sent to the foundry. 

Usually, when two or more core 
are pasted together the joints my: 
be mudded up. Mudding com. 
pounds may be merely molasses ang 
sand, clay and sand, or any o 
the commercial mudding compound: 
found on the market. Their func. 
tion is to seal the joint against met 
penetration. The mudding com. 
pounds must not spall off during the 
pouring operation and they must not 
produce an excessive amount of ¢ 
which may cause a casting blow 


Core Properties 
Properties desired in a cor 
largely determined by its use in the 
foundry. A core must have sufficient 
strength to withstand the abuse t 
which it will be subjected in un- 
loading, transporting to the foundry 
and handling by the molder. Th 
core must be capable of resistance t 
erosion and deformation by th 

molten metal. 

Ram-up cores must have suff- 
cient strength and resilience to stand 
up under the jolting, ramming and 
squeezing encountered in making the 
mold. Cores must have sufficient 
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ability to permit ready escape green tensile rather than green 


he gases formed in the pouring 
ition. Residual gas must be low 
revent gas entering the metal 
to allow the metal to remain 


Cores must disintegrate rapidly 
ter the initial set of the molten 
| to prevent strains in the cast- 
and to minimize the shake-out 


Core sands should be tested at 
ilar intervals for: 


Green perme- 4. Baked perme- 
ability ability. 

Green strength. 5. Baked strength. 
Moisture. 6. Fineness. 


In addition to the foregoing, many 
ial tests are available. These in- 
ide 


Gas content and 8. Blowability. 
gas pressure 9. Sintering 
Retained 10. Spalling 
trength 11. Warm strength. 
Collapsibility 12. Hardness. 
Deflection 13. Strength of 
Hot strength. core paste. 

Hot perme- 14. Moisture ab- 
ability sorption in 
Expansion and humid atmos- 
ontraction. phere. 


15. Stickiness. 


\s previously stated, all sands in 


this foundry are tested for fineness. 
lypical screen analyses of these 
sands are given in Table 1. 


Tests are run at regular intervals 
‘or green strength and green perme- 
ability. It is the practice to use 


compression. Green tensile strength 
will run from 6 to 18 grams per 
sq. cm. The average green tensile 
strength of the core sands is from 
8 to 10 grams per sq. cm. 

It is debatable whether green ten- 
sile or green compression is the most 
desirable test. Although the green 
tensile test is used in this foundry, 
perhaps green compression would 
tell the technician more about his 
cores in the green state than would 
green tensile. The most common 
defect encountered in the green 
state is the failure of the core to hold 
its shape. This defect would be 
caused by sagging or low green com- 
pression. However, the testing pro- 
cedure makes the green compression 
test rather difficult to run. 


Green Permeability 

Green permeability of core sands 
is determined in the same manner 
as green permeability of foundry 
sands, and is found to run from 50 
to 300, the average being 120. 

Moisture is determined by the 
conventional oven method, and on 
core sand mixtures will run from 
2.5 to 5.5 per cent. The six core 
sand mixtures given in Table 2 
show moistures of 3.00 to 5.00 per 
cent. 

Baked permeabilities vary in about 
the same ratio as green permeabili- 
ties. Baked permabilities usually are 
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higher than green 
However, if the green and baked 
permeabilities are determined on a 
given mixture the difference be- 
tween the two permeabilities will 


permeabilities. 


always be approximately the same. 
Once this difference has been de- 
termined the baked permeability can 
always be estimated from the green 
permeability. 


Baked Strength 

Three commonly used methods 
for determining baked strength are 
available; compression, tensile, and 
Of these three, baked 
tensile is perhaps used by the ma- 
jority of foundries. The Core Test 
Committee A.F.A. is now in the 
course of determining which of these 


transverse. 


three tests will give the most infor- 
This committee may find 
that the transverse test plus deflec- 
tion may tell more about the stresses 


mation 


to which the core is subjected than 
either compression, or tensile. 

This malleable foundry has been 
using the baked tensile test, but the 
results have not been entirely satis- 
factory. The baked tensile strength 
of the cores will run from 50 to 
350 psi. These strengths are deter- 
mined not only by the percentage of 
binder present but by the fineness 
of the sand, the shape of the grain, 
mixing procedure, moisture content, 
baking procedure, length of time 
elapsing before cores are placed in 
the oven, atmospheric conditions 
and the presence of impurities or 
fines. 

In the mixtures given in Table 2, 
baked tensile strengths obtained are: 


Baked Tensile 


Mixture No Strength, pst 


1 60 
2 80 
3 60 
4 120 
5 100 
6 275 
Of the special tests previously 


listed, scratch hardness and gas con- 
tent tests are used in this foundry’s 
standard testing procedure. 
Scratch hardness testing replaces 
the old method of determining hard- 
ness by scratching with the finger- 
nail. The test is easily run and can 
be used on regular run of cores. 
Furthermore, it does not require an 
expert to use it. Tests have shown 
that no direct relation exists between 
hardness and strength. In a given 
mixture there is a direct relation 
between ramming energy and hard- 
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ness, provided that the baking has 
been uniform. 

Hardness of the mixtures shown 
in Table 2 are as follows: 


Core Oil, 
Mixture No. Hardness per cent 
1 55-65 0.12 
2 60-70 0.24 
3 60-70 0.35 
4 70-80 1.16 
5 60-70 1.37 
6 80-90 2.18 


Hardness varies from 55 to 90. 
Generally, the hardnesses show a di- 
rect relation to the percentage of oil, 
but the pattern of this relation is 
not regular. Mixture No. 5 show 
a low hardness because of the pres- 
ence of clay in the mixture. 

Considerable work has been done 
on the gas contents of the core sands. 
Two important factors must be con- 
sidered when determining the gas 
content of core sand mixtures, and 
these are time and temperature. The 
apparatus available for determining 
gas content consists of a resurrected 
carbon combustion furnace with 
rheostat temperature control, a 
vitreosel tube, drying tube, and a 
gas burette. 


Vitreosel Tube 

The vitreosel combustion tube is 
firmly packed for about half its 
length with asbestos, and the end 
sealed. The drying tube is filled 
with glass wool and silica-gel. It is 
preferred to dry the gas. The gas 
burette is filled with an acid solu- 


tion of 10 per cent potassium sul- 
phate. 

A weighed sample is placed in a 
boat and this boat is placed in the 
furnace, which is held at a tem- 
perature of 1800° F. The sample is 
permitted to burn in the atmosphere 
of the tube for 8 minutes. The 
volume of gas produced is then 
measured. The gas content is re- 
corded as cu. cm. of gas per gram 
of sample. 

The sample should be representa- 
tive of the core. It is found neces- 
sary to run at least five determina- 
tions and take the average. Tables 
3, 4, 5, 6 and 7 list the gas con- 
tents of the six sand mixtures given 
in Table 2. 


Gas Content 

In Table 3, the gas contents are 
those of an assembly of three cores 
using sand mixtures No. | and No. 
2. These two mixtures run fairly 
constant in gas content, variations 
being due to the degree of bake. 
The lower contents are caused by 
the start of decomposition in the 
bake. 

Gas contents of Table 4 are not 
as uniform. This variation is caused 
by poor baking and the introduction 
of scrap sand into the mixture. 

Variations in gas contents shown 
in Table 5 indicate the various de- 
grees of bake. This is a core which 
seems difficult to bake properly. It 
reflects poor oven control. Sand 
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Fig. 9—Sketch of sectional core used to determine baking properties of various 
core sections from ¥/2 to 3 in. 
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| TABLE NO § 
ISECTION| OYE OF BAKE. 
Ve" | INVISIBLE | MEDIUM | 
r » ; 
1%" . 
2" VISIBLE = |MEDIUM LIGHT 
22" : . 
3 ° ‘ 
mixture No. 4 is one that should 


bake readily. 

Gas contents of sand mixture Np 
5 listed in Table 6 show consider. 
able variation. This mixture has 
high percentage of scrap core sand 
The moisture content also is high 
due to the addition of clay to th 
mixture. This mixture reflects th: 
degree of bake and the variation jp 
the scrap core sand. 

Table 7 gives the gas content of 
core sand mixture No. 6, which i 
a hard sand. This mixture must be 
baked thoroughly. The variations jn 
gas content are due to the variation 
in the scrap core sand used in the 
mixture and to the degree of bake 


Gas vs. Cereal Binder 

It has been found that three con- 
ditions are responsible for the vari- 
ous differences in gas contents in 
the core sand mixtures. A direct 
relation exists between the gas con- 
tent and the percentage of cereal 
binder. The use of any scrap core 
sand in any core sand mixture wil) 
cause a variation in the gas content 
This is self-explanatory as this scrar 
sand may be any one of the mix 
tures or a combination of all of the 
mixtures given in Table 2. Finally 
the gas content shows a relation tc 
the degree of bake. It has been 
found that gas contents have helped 
the sand technician to determine 
whether the right sand mixture i 
being used, to detect variations in 
mixing, and enables him to deter- 
mine whether the cores are receiv- 
ing the proper bake. 

Two additional tests are used for 
checking the bake. The first method 
is to introduce a dye into the mix- 
ture. The dye will disappear if the 
core has reached the proper baking 
temperature. This method has been 
used by several foundries not only 
for determining the bake but for 
means of identification of |e vat 





xtures. This foundry 
expensive to use in 


test is one that any 
om man can use to 
various core sections 
is similar to Wood- 
[It has been used in 
for years. A core of 
is used instead of a 
re. This core consists 
ns as shown in the 
These sections vary 
in., approximating the 
various foundry cores. 
sary to stop at the 3-in. 
se sections can be made 
o the minimum and 
re sections of the 









































sual examination cores are 
from any or all core sand mix- 
Sometimes it is necessary to 
specific core sand mixture 
one core for each oven. 
nanner the bake on the dif- 
rent ovens or shelves of the ovens 
1 be determined. 

After the cores are baked the core 
reman or some designated person 
aks the cores into the various sec- 
and determines the bake by 
sual examination. The test is car- 
d one step further. Visual ex- 
mination is checked by determining 
gas content and hardness of the 
various sections. 

lable 8 gives the gas content and 
hardness obtained on the sectional 
est, using sand mixture No. 4 from 
lable 2. On this test the dye was 
sed. The dye had been completely 
volatilized on the Y2, 1 and 1%-in. 
sections, but was still visible in the 
2, 2% and 3-in. sections. Hardness 
was fairly uniform, showing a uni- 
form ram. 

Visual examination, gas content 
ind dye test all showed that the sec- 
tions of from ¥%2 to 1% in. were 
ompletely baked, but the sections 
2 to % in. were not com- 
baked. Interpreting these 
results, it could be expected that all 
ores of 2 to 1¥4-in. sections made 
‘rom this sand mixture and baked 


the same oven would be prop- 


; 


from 


pletely 


erly baked. However, if the sections 
exceeded 1'/% in. it is probable that 
the cores would not be thoroughly 


baked. 


Summary 

In summarizing, the author has 
attempted to show that it is pos- 
sible to control core sand mixtures 
and cores. Due to the number of 
variables in the making and pro- 
cessing of cores, the sand technician 
must be constantly on the alert. It 
has been shown that simple ways 
of checking some of these variables 
are available. The importance of 
the gas content test has been stressed, 
not only from the standpoint of 
producing solid castings but as a 
check on coreroom practice. 


DISCUSSION 


Chairman: W. D. McMutan, In- 
ternational Harvester Co., McCormick 
Works, Chicago. 

Co-Chairman: D. F. SAawTELLE, Mal- 
leable Iron Fittings Co., Branford, Conn 

CHAIRMAN McMiiian: Is the oil- 
rosin mixture a 60-20 or a 60-17 pro- 
portion? 

Mr. Zirzow: 

CHAIRMAN MCMILLAN: 
rosin oil? 

Mr. Zirzow: No, we used dry rosin 
and we heated the oil. 

Haroitp HENDERSON’: Did I under- 
stand you to say that cereal was a great 
producer of gas? 

Mr. Zirzow: Yes, in a core it is. 

Mr. HENDERSON: Would you elabor- 
ate on that? What proportion of gas is 
created by the amount of cereal you use 
in comparison with your oil? 

Mr. Zirzow: In comparison with 
your oil, it runs between 70 and 80 per 
cent of the gas produced in the core. 

Davip Tamor’: Are the dyes described 
in your paper? 

Mr. Zirzow: No. The Venetian dye 
is the best dye. There is also an acid 
green that works very well. There has 
not been enough work done on the vola- 
tilization point of dyes to make them 
absolutely reliable. 

Mr. Tamor: Are they water soluble 
dyes? 

Mr. Zirnzow: Yes, you use an ounce 
of dye with a half ton of sand. That is 
all that is needed, but it is a little too 
We use the dyes more or less 


It is a 50-30 mix. 
Did you use 


expensive. 
as a test. We do not use them all the 
time. 

tH, C. Macaulay Foundry Co., Berkeley, 


Calif. 
2American Chain & Cable Co., York, Penna. 


Mr. HENDERSON: In taking the 
scratch hardness test, how might we 
obtain uniformity of results? 

Mr. Zirzow: Do you mean in the 
manner in which you take the tests? 

Mr. Henperson: Yes. Should only 
one man perform the test and should 
you depend entirely on his sense of 
touch? I notice we geet large reading 
variations. 

Mr. Zirzow: I think it is definitely 
advisable to have one trained man per- 
form the test. 

Mr. HENDERSON: There must be an 
art connected with the science then 

Mr. Zirzow: 
reading on the core? 


Do you take just one 
With only one 
reading you would not get accurate re 
sults. 

Mr. HeNpERSON: We take several 
readings. 

Mr. ZirRzow: If you take several 
readings and average them you will find 
they correspond. I take the inside hard- 
ness as well as the surface hardness. It 
is entirely possible that you are not get- 
ting uniformly rammed cores, hence the 
hardness variations. 

MEMBER: I ran tests with various 
types of lead wires and encountered con- 
siderable difficulty 


Mr. Zirzow: I use the asbestos cov- 
ered lead wires. 

MemMBerR: Continuous wire? All the 
way through? 

Mr. Zirzow: That is right. Asbes- 


tos-covered wire gave us the best results 

MemeBer: In line with that question 
on the thermo-couple in the vertical 
oven, how do you go about clamping the 
lead wires so that the wire will not foul 
the oven when it goes over the upper 
sprocket? 

Mr. Zirzow: We clamp the wire on 
each length of the drive chain, and that 
curves it over the top sprocket. You have 
to be very careful so that you will not 
foul your oven especially when the wires 
go over the top. At 3-ft. intervals we 
clamp the wires to the drive chain of the 
oven on the outside links, so the wires 
will not fall on the big sprocket going 
over the top. We use them once or twice 

MemsBer: Did I understand you to 
say that you do not attempt to control 
the temperatures in that oven too closely? 

Mr. Zirzow: We definitely control 
the temperatures, but what I tried to 
imply was that the pyrometer settings 
are meaningless. I could set the oven to 
bake cores at 500° or 400° F. That does 
not mean a thing as to the actual tem- 
peratures in the oven. 

MemBer: Do you find that much 
vibration of those ovens gives you trouble? 

Mr. Zirzow: On two of our ovens 
we have vibration, but the trouble we 
encounter is negligible. 








ALUMINUM CASTING ALLOY 
3 PER CENT CU : 5 PER CENT SI 


e Methods for recovery of airplane aluminum 

scrap have been developed, and have made 
available an excellent source of materia! for the 
production of general purpose aluminum alloys 





wala) 
O. Tichy the Navy recently has put it into present, and the latter raked oy 
Metallurgist practice. Some precautions as to pro- before they can alloy with the 
The National Smelting Co. cedure are mentioned, which are aluminum. 
Cleveland expected to result in good, useable Analyses of several heats of meta! 


IN RECENT MONTHS the liter- 
ature has contained treatises on the 
utilization of the enormous amounts 
of airplane scrap. Technical maga- 
zines of late have brought such 
headlines as “From War Planes to 
Kitchenware,” the articles describing 
a suggested method of converting 
the available aluminum into alu- 
mina and then by electrolysis back 
into pure aluminum. 

Dr. N. H. Engle’ referred to this 
process as one which probably would 
be as expensive as the production of 
aluminum from bauxite. One of the 
possible advantages is that of con- 
servation. However, this would not 
appeal to those who desire a less 
expensive source of the metal. In 
the same article are a few comments 
about a relatively simple process 
which consists of careful melting of 
sorted scrap in a special type of fur- 
nace, the end product of which is 
said to be suitable for cast and 


alloys at a reasonable price. 

Airplane scrap was put to good 
use by the smelting industry during 
the war when the resultant alloys 
had to conform to the most stringent 
specifications. Following is a par- 
tial list of alloys, familiar to foundry- 
men, which were produced and util- 
ized during the war for the produc- 
tion of various types of castings: 4 
per cent copper, 2 per cent silicon; 
4 per cent copper, 3 per cent silicon; 
4 per cent copper, 5 per cent silicon; 
4 per cent copper, 9 per cent silicon; 
and aluminum-copper-magnesium- 
manganese-silicon alloys containing 
5, 8, and 10 per cent of silicon. 


Reclaiming Scrap 

As has been mentioned previously, 
the reclamation of airplane scrap 
has been done on a commercial 
scale with good results. A sloping 
hearth is used for this process. Sort- 
ing to remove any lead present keeps 
this element at a sufficiently low con- 
centration so that it does no harm. 
The aluminum is “sweated” from 
any iron or other high-melting alloys 


produced with this procedure are 
reproduced in Table 1. These data 
represent a Cross-section of metal 
recovered from many types of air. 
plane scrap, and it can be seen at 
a glance that useful alloys can and 
are produced with such material. 
During the war the aluminum 
industry had to cast alloys of the 
conventional types due to rigid stand. 
ardization. The price of an alloy 
was not too significant a factor then, 
but peace-time competition places a 
different aspect on this problem. 
For a considerable period the No 
12 alloy, which is basically an 8 per 
cent copper alloy, was used to pro- 
duce a large variety of castings of 
both the sand and permanent mold 
types. During the war period, due 
to the large amount of wrought ma- 
terial scrap made available, a large 
quantity of alloys containing copper 
and silicon were cast. This type of 
alloy has better castability and 
exhibits better mechanical proper- 
ties than the No. 12 alloy. It can 
now be readily produced from the 

















wrought purposes. 
This latter reference is one of the 
few to a modern method of reclaim- 
; Table 1 
ing the useful aluminum alloys from 
obsolete, battle-damaged and war- ANALYSES OF METAL PRODUCED FROM AIRPLANE SCRAP 
weary planes, although it has already Lot No. Cu Fe Pb Mg Mn Ni Si Sn Zn Cr Al 
been applied on a production scale B 943 0.35 0.29 0.01 0.94 0.09 0.14 0.70 0.01 0.05 0.23 97.30 
and useful alloys have been recov- B 944 0.32 0.33 0.01 0.94 0.09 0.09 0.61 0.01 0.05 0.26 pe 
ered from such scrap materials. B 946 0.12 0.90 0.01 2.22 0.05 0.01 0.19 0.01 0.12 0.23 96.17 
te B95! 3.86 0.61 0.09 1.40 0.52 0.01 0.47 0.02 0.22 0.03 92.83 
Another reference is given by E.J- 1 5.95, 1.56 0.49 0.06 1.41 0.09 0.03 4.53 0.05 0.23 0.08 91.56 
Hardy* who describes this process as |B 959 3.58 0.70 0.44 1.03 0.50 0.03 0.56 0.01 0.14 0.07 92.98 
; B 962 4.20 6.53 0.10 1.45 0.58 0.01 0.23 0.01 0.02 0.03 92.86 
Presented at an Aluminum and Mag- B 963 4.15 0.51 0.16 1.24 0.58 0.01 0.14 0.01 0.02 0.02 93.1) 
nesium Session of the Fiftieth Annual B 965 3.98 0.45 0.06 0.74 0.69 0.02 0.51 0.01 0.06 0.05 95.48 
Meeting, American Foundrymen’s Asso- B 970 1.61 0.48 0.03 1.36 0.03 0.01 4.10 0.04 0.05 0.10 92.18 
ciation, at Cleveland, May 7, 1946. aa 














recorded in Ta- 


cognized for some 
nin is not a good 

order to utilize 
two general meth- 
ble to improve its 
method was to 
content to 7 or 8 
he old conventional 




















































nd the other was to 
h. as is well known, 
iidity of most alumi- 
Since copper also was 
the war and silicon 
sier casting alloys, it 
the silicon additions 


n ( hoice. 
Emergency specifications, such as 
4XS series, were developed by 


ervices with the aid of 
writing societies. The 
icon content were excep- 
and permitted several 
within the specifications. 
alloys were developed 
series by various users 
suit their methods of casting. 








Study Best Composition 
In the production of these various 
: field was found which indi- 
he possibility of interesting 
ies. Studies were made in 
rious directions to find the best 
mposition which would give an 
easily produced from existing 
raw materials 
It was also desirable to have an 
oy possessing good casting and 
mechanical properties without resort 
to solution heat treatment and still 
be able to materially enhance these 
properties by heat treatments if nec- 
sary. As a result of this work, an : ‘ 
alloy was developed having basically 
a typical composition of 3 per cent 












































pper and 5 per cent silicon. 20000? : 
Good mechanical properties are 
leveloped in this alloy in both the 
as-cast and heat-treated conditions, eke (mA 
and it may be cast in either sand or 
permanent molds. As will be seen 
cetacean een ] 
Ss 
Reading from top to bottom: aad. _ 
Fig. 1—Four-bar aluminum test . 
n cast in green sand at 
ratures of 1260-1280° F. ‘2000 es 
Type of permanent o 
iluminum test casting. : 
Endurance limit of ne 
ist aluminum alloy—so- | | | 
eat treated and aged. soon | Caees —y . 4 
REVERSALS OF STRESS 















































326 ALUMINUM \, 
later, the properties 
Table 2 : pe 
substantially the sa tt 
PROPERTIES OF SAND Cast ALUMINUM ALLOYS AN-QQ-A 376, § 09 
Yield Tensile Brinell ASTM SC 21, whic! 
Strength, Strength, Elongation, Hardness, ally 1.3 per cent cop) 
Heat No. 0.2% Offset, pst. psi. Yo in 2 in. 500-kg. load magnesium and 5 ) Pl gp 
As Cast' and shall be referred to |at, 
X-273 B 14000 26600 3.3 62 alloy 1; and AN-QO-A 394. gaz 
X-274 B 14100 26500 3.5 61 323, and ASTM SG |, which op. 
SoLuTION Heat TREATED AND AGED? tain a 0.3 pe mag 
X-273 B 18200 33800 4.5 72 no ne io ne a id 
X-274 B 18400 33200 4.2 69 e referred to as alloy 
355-T 6 25000 35000 3.5 80 In order to obtain p; perties yp. 
356-T 6 22000 32000 4.0 70 der conditions similar to commpr,;, 
Stress RELIEVED" practice, the test specimens wer, 
X-273 B 16100 29100 2.8 64 Se ee ot 1 
X-274 B 16400 28900 3.0 64 1280° F. into green sand molds, 7) 
355-T 51 23000 28000 1.5 60 type of casting made is shown } 
356-T 51 20000 25000 2.0 60 Fig. 1. Average properties obtair F 
$ 6 - oe es. = . + with this procedure, consisting 

2 960 £ 2 hr., hot water quench, 300° F.—3 hr. f f . h . . , 

: 440° F 8 hr. rom four to eight individual tes 
are listed in Table 2 along with ty). 
cal values of alloys 1 and 2 taker 
from the literature’. 

Table 8 In the as-cast condition this cop. 

PROPERTIES OF CuILt Cast ALUMINUM ALLoys per-silicon alloy gives tensile streng; 

Yield Tensile Brinell as high or higher than No 12 alloy 

Strength, Strength, Elongation, Hardness, but has much greater elongatior 

Heat No. 0.2% Offset, psi. psi. %o in 2 in. 500-kg. load Typical elongation for sand-cast \ 

As CastT' 12 alloy is about 1 to 1.5 per cent 

X-58 B 14800 30600 35 69 state (Table 2) this alloy surpas« 

, — wr No. 12 alloy, which can not be mark. 
So_uTIoN Heat TREATED AND AGED . : 

. edly improved by such treatment 
pod aa ane a = and it becomes equal or better thar 
355-T 6 26000 43000 40 90 No. 2 alloy in strength and elonga 
356-T 6 24000 40000 5.0 90 tion, and better in elongation thar 

Suusss Rewisven? No. 1 alloy. The only marked dif- 
or 1een0 ionee ‘ ference is found in the low yield 
ape B 18300 34500 = “i strength; No. 2 alloy exhibits higher 
355-T 51 24000 30000 2.0 75 yield strength and No. | alloy s 

: 1 One day at room temperature. higher. a 

2 440° F 8 _ ae ey Sa eee In the stress-relieved condition th 

aoaeeall alloy gives a tensile strength equa 
Table 4 Table 5 
PHYSICAL PROPERTIES PROPERTIES OF CuILt Cast (0.05-0.11% Moc.) AtuUminuM ALLoys 
Theoret Bie ical Yield Tensile Brinell 
feet Treatment “tay tap Strength, Strength, Elongation, —_ Hardness 

eat Treatmen n rit Heat No. 0.2% Offset, psi. 7 in 2 in. 500-keg. load 

As Cast ccccccccn 0.25 27 7 Open. pe me wee ' . 

Solution Heat As Cast 
Treated and “i - 5112 20600 35000 2.7 84 
Aged oeeeeeceecveeeee 0.2 5116 19400 34600 3.2 80 

Stress Relieved. 0.28 31 5122 19700 35000 3.3 79 

— 5125 20300 35200 3.4 78 

Thermal Expansion, : SoLuTION Heat TREATED AND AGED 
in./in./* F. (68-212° F.).. 12.2x10 , 

Specific Gravity 0.0... 2.76 5112 24100 40800 4.2 91 

Weight, Ib/cu. im. coc... 0.200 5116 23700 41500 4.6 é 
. 5122 22300 42400 5.9 88 

i . 1 89 

* Thermal conductivity _ values calculated 5125 22400 41600 5.3 
foe Sorel commen SCE Se] | Strasse Reuven 

2 aha ge esa ey Interna- 5112 22900 36900 2.7 81 
tional Annealed Cu. Standard at 68° F. 5116 25200 38200 3.2 33 
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: ; Fig. 6 Effect of magnesium 
f magnesium on properties of sand-cast aluminum test on sand-cast aluminum impact 
specimens. test speciments 
( r than that of the No. | No. 2 alloys, but has somewhat high- are considered essential by designing : 
' nd greater than that of the er ductility. In the stress-relieved engineers today. Specimens were cast 
No 2 y, while the ductility is condition the tensile strength and into green sand molds of a design 
ged ter than in either. Here again ductility exceed that of No. 1 alloy, similar to those used for the tensile 
d strength is somewhat lower. with the yield strength again being specimens and tested with R. R 
s easily explained by the larger somewhat lower. Moore type fatigue machines. 
int of magnesium present in the Fatigue strength values of alloys At present, the only test com- 
two alloys. However, the yield 
sth in this new alloy can be 
vill be shown later. TION HEAT TREATED 
+} re > : > AS CAST AND AGE STRESS RELIEVE 
Other heats were made using the 42000 . - : . L poe 
nelting and casting technique, pe tl 
whee . . 
g nd permanent mold castings of the 40000+ oben — oe j | | 2 
‘ _ ne ¢ e ENSXE STRENGTH 
type shown in Fig. 2 were made. - 


\verage properties of these chill-cast lle 
nu ecimens, constituting four to six $000}. } + 4 ins , 43500 
jus rs in each case, are shown in Ta- ail Pr 
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high for this type of " ne. 
in Fig. 3. Indications «! progr, 
tests are that the alloy also ha - 
high fatigue strengt! der ofies 
conditions. 7 

It is desirable to some of 
the physical properties jn nites 
applications. A few of the result 


obtained are recorded in Table 4 

For some applications it is desis. 
ble to obtain higher values of th. 
yield strength. As mentioned, thi 
alloy is of the type in which the 
yield strength can easily be altered 
by small concentrations of magye. 
sium, sO an investigation of this ty. 
was made. A quite noticeable effec, 
is obtained in the increase of thy 
yield strength, with a somewhat les. 
er increase in tensile strength, while 
an appreciable amount of ductilit 
still remains. 

Data obtained from sand-cas 
specimens are shown. in Figs. 4 and 
5, respectively. The effect of mag. 
nesium on sand-cast impact speci- 
mens, machined to ASTM (E 23. 
41T) Type A _ Specifications, i: 
shown in Fig. 6. As would be ex- 
pected in cases where the ductility 
has been lowered, there is an accom- 
panying drop in impact. In appli 
cations requiring higher impact value 
the magnesium content should be 
kept at a minimum, while appli- 
cations requiring a higher yield 
strength should contain some mag- 
nesium. 

Mechanical properties were 
checked on reverberatory heats of 
approximately 35,000 Ib. to procure 
results expected in commercial prac- 
tice. In Table 5 are recorded some 
results obtained from chill-cast speci- 
mens with a variation of magnesium 
content from 0.05 to 0.11 per cent 
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Reading from top to bottom: 


Fig. 7—Frequency distribution 
of properties of sand-cast 
aluminum alloy (as-cast, 13 
heats). 
Fig. 8—Frequency distribution 
of properties of sand-cast alu- 
minum alloy (stress relieved, 
13 heats). 
Fig. 9—Solution heat treated 
and aged—1I3 heats. Frequen- 
cy distribution of properties of 
sand-cast aluminum @:'0). 
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sand-cast speci- 

ontaining less than 

.gnesium and nine 

0.05 to 0.11 per 

are shown in Figs. 

data agree favorably 
preceding test. 

tion is only a guide 

trade for the type of 

hould be considered 

condary to such mat- 

technique, castability, 

hy nd mechanical proper- 

The re, the composition has 

beer ntioned in detail pre- 

given in Table 6. 


Summary 


be said 


In s rizing, it may 
one of the latest meth- 

the recovery of airplane 
xcellent source of material 
ailable at a reasonable cost for 
production of alloys which can 
itilized for several purposes. One 
ich alloy has been discussed here. 
\lloys of this type, because of their 
ood castability and properties, are 
eral purpose alloys, and their 
could eliminate much of the 
nfusion arising in foundries due to 
segregation required when sev- 


ral alloys are cast. 
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Reading from top to bottom: 
Fig. 10—Sand-cast aluminum 
alloy—frequency distribution of 
As-cast, 0.05-0.11 
per cent Mg—9 heats. 


hroherties 


Fig. 11—Stress relieved, 0.05- 
V.1l per cent Mg—9 heats. 


Frequency distribution of prop- 
erties of sand-cast aluminum 
alloy. 

Fig. 12—Solution heat treated 
and aged, 0.05-0.11 per cent 
Me-—9 heats. Frequency dis- 
n of properties of sand- 
ist aluminum alloy. 











































































MARONESS 
(meme BRINNELL J 
a ; 
23 . — bits 
2 
rs) 
o ELONGATION } 
a — fj — + 
ue P re 
(e) YIELD a 
rn i titi i TENSILE gy g 
@ 
a 
> gy 
oa g 
z 
AA / . F « i 
NNNOCHR NOH onrnoanan ono non 
7:10; @2;:1ria@ wetnr S78 uN oh 
ns ; n= N . 4 
te AOOne or orn as oSFr 
eSf&e-+>--8s NLOArOOe ©© 
- NNN NAN NN 500 KG 
PS!1x1000 "/o LOAD 
ELONGATION 
40-__——_-——_- oe es a 
i HARONESS 
z BRINNELL 
Ww 30 ——— —4 
= 
s) 
Ww 
a 
” 
u 2 - 
2) YIELD 
« 02%.» OFFSET TENSILE 
ve) 
RS 
10} —- — 
a 
z 
0 NAODNANONAON QNANOH ARON non 0 
~~@ AaNOTaAN NoVan (=™ —-NAW as 
-is: — ia N ining Mm i 
ror Mig SO, “; "oO 
~ n la O11 HIN igi” or 
=r @22a008n- ~@aP%Qon%s 
=A N uNA YN Am ” 500 KG 
PS! x 1000 e LOAD 








NUMBER OF SPECIMENS 














we 




















HARONESS 
BRWMELL 
_—4 
ELONGATION 
via.o 
02%. OFFSET 
TENSLE 
Loe es 
d Fem IZ LKZ Aa 
AONMNHennnenrn one aon onon 
TENN V ON VN evr ame MEMO ato nande 2386 
J ' N ' 
Sarat ates scans POT eae eset £338 
NaN o ~ “oe eo 
WANNACAAQLARA aBRarmanrns 500 KG 
P Si x00 "le LOAD 











ALUMINUM ( a. 








30) 
DISCUSSI« 
Table A Chairman: WAL.TER 
SoLuTION Heat TREATED AND AGED tional Smelting Co., Ck 
Co-Chairman: L. W . 
Yield Tensile Brinell telle Memorial Institute. ( - 
Strength, Strength, Elongation, Hardness, Days Hours C. V. Cooper’: W, 
0.2% Offset, psi psi. Yo in2in. 500-kg. load Aged Aged alloy and note that in 
— Rea aged condition the elong 
AGED AT Room TEMPERATURE than in the solution t; 
25400 37600 2.9 87 | only. Do you have any c 
25500 37100 2.6 87 2 - behavior? 
26300 37900 2.6 90 3 - Mr. Ticuy: We hav: 
26100 38000 2.6 91 4 - for this behavior. We 
26500 38700 2.5 9] 7 - countered this same th 
27200 38500 2.4 91 14 - observed in Table A, wi 
4 average results of four to 
AGED aT 300° F. oath, Gnas. 
21800 35000 3.3 81 - 2 : 
29400 35600 23 82 e 3 1Acme Aluminum Alloys, Day 
23000 36300 3.6 81 - 4 
22200 35300 29 82 - 5 
24800 37200 2.9 86 - 8 
27300 38700 2.6 91 - 11 
29400 39600 2.) 94 - 13 
32100 41500 2.0 97 - 15 




















MOLDING SAND 


for 


BRASS AND BRONZE 








RTS HAVE BEEN MADE in 
to duplicate, syntheti- 
some of the widely known 
| sands of repute in non- 
; foundries. French sand from 

mandy is a notable example. Al- 

th it is possible on paper to 
iplicate. from the sands of the 
iddle West or combinations of 
tern sands, specifications that re- 
the famed French sand, few 
| foundrymen will agree that 
tual casting results are equal. 

In discussing French sand both 
ler and younger molders almost 

nvariably refer to it as a very fine 

and, as if it were a 0 or 00 instead of 

i No. 2 in the A.F.A. classification 
19 average fineness after being 

round). The strength of the bond 

especially when it has 
uch flowability that the fairly coarse 
grains adjust themselves under pres- 
ire to produce a smooth casting 
irtace. The sand and bond combi- 
ilso holds moisture exceed- 
sly long. French sand is an example 
natural product with quality 
lormance that has been acknowl- 
iged around the world, and few 
indrymen will admit that modern 
sand science can duplicate it. 





Synthetic sands have their ad- 
ierents, but even the largest brass 
1 bronze foundries are, in general, 


with natural sands with 
rits of easy control, easy 
patching of molds, good casting fin- 





ish, prevention of dried and broken 
edges of molds, elimination of ex- 
cessive ramming pressures and other 
detrimental factors that go hand in 
hand with synthetic sand. 
Correlation of Laboratory Work 
with Foundry Results. During the 
past ten years of sand research, much 
effort has been made to find the 
rhyme and reason for foundry trou- 
bles. Many special visits have been 
made on different 
foundries which were experiencing 
casting troubles. Other visits were 
at routine intervals, checking results 


invitation from 





’ Surveying molding sands for 

the non-ferrous industries, 
natural bonded sands continue 
to be the popular choice for 
both large and small foundries. 
Postwar casting production fo- 
cuses greater attention upon 
casting finish and the economies 
necessary in obtaining finish un- 
der competitive conditions. 
Molding and core sands them- 
selves assume a greater re- 
sponsibility to this end, with 
many foundries seeking to re- 
duce the use of mold coatings, 
special facings and other pro- 
cedures that may have been 
more profitable under wartime 
systems of operation. For op- 
erating efficiency and simplifi- 
cation, it is advisable to have 
the whole heap or the entire 
system equivalent to facing 
sands; and the fine texture and 
favorable workability of many 
natural sands makes this con- 
veniently possible for most 
foundries. 





and gaining information of mutual 
interest. In many instances, sand 
analyses were made during periods 
of trouble and again at a later date 
when better casting 
known to be in effect. As much as 
we would like to believe that definite 
results could shown by 
analytical methods, such is not the 
case. Frequently, only a slight change 
of permeability, clay content, strength 
or moisture could be found after the 
troubles had been eliminated. 
These instances were noted espe- 


results were 


always be 


cially in foundries where no central 
sand conditioning equipment is used 
In some foundries laboratory results 
did not confirm the extensive change 
of results that actually took place in 
the foundry. Part of this condition 
probably is due to metal or molding 
factors other than sand conditions. 

A number of the medium and 
small size foundries undertaking 
drastic sand changes experienced 
severe trouble. For example, in such 
cases where a change of permeability 
was attempted from, let us say, 8 to 
30, the results sometimes were bad, 
especially in foundries where the in- 
dividual skill of the molder largely 
determines the outcome. 

In one foundry operating a con- 
tinuous system, a study of sand con- 
ditions was made during a period of 
abnormally high losses, and again 5 
weeks later after large new sand 
additions had been made, with a 
resultant large increase of natural 
clay content. In this plant a 7 ‘to 8 
psi. green compressive strength was 
found to be most efficient. During 
a period when the consumption of 
new sand had been cut off almost 
entirely, the bond strength was reg- 
ulated by synthetic additions. After 
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resuming additions of natural sand, 
the workability of the sand improved 
and it was no longer extremely criti- 
cal to moisture content. Cracked 
molds and damaged edges due to 
drying out of sand and rough mold 
handling were eliminated. A com- 
plete analysis of this system sand at 
these two stages of operation is given 
in Table 1. 

Relationship of Dry Strengths. 
Brass and bronze foundries using 
natural sands often have difficulties 
because of inadequate dry strength. 
A range of from 25 to 75 psi. usually 
is suitable, but some of the natural 
sands that have been so extensively 
used in the past have lower dry 
strengths and need reinforcement. 

Many sands produced in the belt 
from southern Ohio to southeastern 
Kansas have dry strengths within 
these desirable ranges. The tendency 
in the plants where dry strength is 
inadequate is to spray the molds or 
use special shake-ons and facings. 
In some cases portland cement is 
used as a shake-on to increase dry 
strength. However, such remedies 
can often be eliminated by proper 
sand selection in the first place. Most 
foundrymen will agree that water is 
one of the necessary evils in a 
foundry, yet it is one of the molders’ 
favorite working materials. Moisture 
of heaps on the floor is difficult to 
control, and influences other sand 





Table 1 
ANALYSIS OF SYSTEM SAND 
-—— Additions —— 


‘ Synthetic Natural 
Properties Sand San 
Moisture, per cent 6.8 7.6 
Permeability 11.4 18.4 
Green shear, psi. 1.7 1.9 
Green compression, psi. 7.6 7.8 


Dry shear, psi. 18.0 21.0 
Dry compression, psi 85.0 93.5 


Retained on 
Mesh, per cent 


12 1.40 no 
20 0.80 ~° 2.60 
30 : 0.80 0.40 
40 1.40 1.60 
50 4.20 4.00 
70 13.40 12.80 
100 16.20 20.20 
140 14.60 13.20 
200 21.20 12.20 
270 2.80 4.20 
Pan 20.00 15.60 
Total Screen 96.80 86.80 
Clay 3.20 13.20 
Deformation 0.012 0.018 
Tensile 3.7 4.2 





properties of permeability, green and 
dry strength, hot strength, retained 
strength, etc. Most foundries using 
well selected natural sands obtain 
good results regardless of large mois- 
ture variations in heap sand. The 
superintendent of a good brass and 
bronze foundry frankly admitted that 
the heaps vary from 6 to 10.5 per 
cent moisture. 

Relationship of Permeability. The 
subject of sand permeability has had 
widespread discussion and study. It 
was one of the first sand properties 
to be brought into open discussion 
and it continues to interest non- 
ferrous as well as other foundrymen, 
technicians, and metallurgists. Dur- 
ing the past 15 years the tendency 
bas been to increase the permeability 
of sands for non-ferrous practice. 
Recently, however, some leveling off 
in this program has been noticed 


and, occasionally, some _ reversals. 


High Lead Bronzes 


The finer sands of low permeabil- 
ity have a great advantage over other 
sands, natural or synthetic, for high- 
lead bronzes. H. W. Dietert and his 
associates have presented interesting 
information on permeability and 
back pressure in the mold, and many 
foundrymen in the course of actual 
production have learned that there 
is a limit to the advantages of 
permeability and that moderation is 
sometimes the best policy. 

A relationship between permeabil- 
ity and the texture and working 
properties of molding sand exists 
which undoubtedly accounts for the 
popularity of natural bonded sands 
for non-ferrous castings. The typical 
brass and bronze foundry usually ob- 
tains good production and sound 
castings within the range of 10 to 50 
permeability, and 7 to 25 permeabil- 
ity for average aluminum castings. 
One thing should be remembered, 
however, and that is that no certain 
specifications can be set up for suc- 
cessful operation in every foundry. 

However, the permeability ranges 
just mentioned are in wide use in 
both average size and larger found- 
ries. In some cases the permeability 
may have to be kept as much as two 
to three times the maximum previ- 
ously mentioned; nevertheless, by 
avoiding unreasonably high perme- 
ability better sand handling condi- 
tions and casting finish are obtained 
and, at least where hand molding is 


Mo.pINc SAND For Br ‘p Be 
‘Y DRON? 


concerned, the mc 
much happier when 
too coarse and open. 
Relationship of G 
Green strength shou 
provide flexible mold 
fast production with ; 
gaggering, nailing, 
Light to medium weigh, bronze cast 
ings usually are produced efficiently 
in heap sand ranging from § to 9 
psi. green compressive strength 
Sands having either natural or artif. 
cial bond and which are too stich, 
or too colloidal usually lack fy. 
ability and result in poor cast 
finish. The tendency of highly col. 
loidal clay bonded sands to gy 
rapidly often causes difficulty jg 
mold patching. 


Usually is 
sand 1S Not 


n Strength 
© ample tp 
4 Conditions 
Minimum of 

patching 


This is one of the serious hand. 
caps of synthetically bonded pop. 
ferrous sands, and some natural 
bonded sands are more objectionable 
in this respect than others. It is als 
desirable to have a relatively low 
strength per unit of clay in order 
that a heap clay content may be 
maintained at about 10 to 16 per 
cent clay for brass and bronze, or 
8 to 12 per cent clay for aluminum 
castings. This extra clay provides 
padding and filler between the grains, 
giving greater moisture tolerance, 
better casting finish, and reduced 
thermal expansion to protect against 
seams, streaks, buckles, and other 
difficulties caused by sand movement 
under change of temperature. 


Sintering Point Range 

Relationship of Sintering Point 
The sintering point of sands for non- 
ferrous castings, with the exception 
of nickel-silver and mone! metal, 
may be much lower than that of 
sands for ferrous castings. Sands 
having “B” sintering points from 
2100 to 2350° F. usually are consid- 
ered adequate for brass, bronze, and 
aluminum. This range embraces 
sands from New York state as well 
as several Midwestern states. 

A number of foundries have 4t- 
tempted to improve casting finish by 
switching to higher sintering sands 
for non-ferrous metals. The result 
sometimes has been an increase 10 
mechanical penetration, veining, 
fencing and other such difficulties 
peculiar to the brass and bronze cast 
ings. This unsuitability is not due en 
tirely to the sintering point but has 
a relationship to flowability, hot 

























trength, and sand expansion and 
-ontraction. In many instances, the 
higher sintering sands of synthetic 


ed sands are deficient in flowability 
and have too much hot strength in 
he temperature ranges from 1000 to 
2000° F., which is a handicap of 
ich sands. 

Also, the clay content of high sin- 
tering sands is more colloidal and less 
flowable, and this is partly respon- 
sible for the failure of high sintering 
sands to give as good non-ferrous 
asting finish as lower sintering sands 
under the same conditions of ram- 
ming, tempering, grain size, and 
permeability. From the point of view 
of refractoriness, it does not seem 
worth while to take a sand that is 
suitable, let us say, for producing 
steel castings and to pour metal in 
it at only one-half to three-fourths 
of the temperatures used in steel 
foundries. 

Relationship of Hot Strength. Years 
of experimentation on hot strengths 
of various sands, domestic and for- 
eign, brings out the fact that this 
important in brass and 
bronze molding sands. Inadequate 
hot strength often is responsible for 
ins and a wrinkled surface. Careful 
attention must be given to the type 
of sand used, its hot strength char- 
acteristics, and its tempering and 
ramming, in order to minimize this 


leature is 


defect. Additions of silica flour, iron 
oxide, fly ash, cereal binder, ben- 
tonite, and other fillers and binders 
have been experimented with in an 
effort to overcome this annoying de- 
fect. It sometimes happens that a 
sand, which in a dilatometer shows 
cracks and spalling, nevertheless 
gives satisfactory performance in the 
foundry. Many foundry supervisors 
and molders automatically compen- 
sate for sand deficiencies without 
knowing why or how they do it. 


Controlled Conditions 

For example, one of the popular 
sands which has an abnormally low 
hot strength and rapid rate of con- 
traction which is conducive to sand 
spalling and cracking does, under 
carefully controlled conditions, per- 
form satisfactorily. Such a sand must 
be worked at a higher temper than 
other sands which have better high 
temperature stability. The low hot 
strength sands are worked with as 
much as 10 to 12 per cent moisture 
content in order to achieve sufficient 
hot strength and retard collapse. 
Such excess moisture frequently re- 
sults in other troubles, pinholes, 
blows, etc., resulting in rejection of 
castings before or after machining. 

Some fourdries have successfully 
achieved a desirable balance by 
blending sands to obtain the correct 
medium hot strength and thus get 
satisfactory results for brass and 





Fig. 1—Aluminum castings made in 
sand with sands having permeabili- 
ties (left) of 20 and (right) 7. 


bronze castings. The lower hot 
strengths are more satisfactory for 
aluminum. Many sands, natural and 
synthetic, have too much hot strength 
at 1000° F. for good aluminum per- 
formance. 

Non-ferrous foundrymen have been 
puzzled by the different degrees of 
sand adhesion or penetration in com- 
paring one sand with another. Some 
concluded that chemical reaction 
during the casting process is the 
prime cause. On the contrary, recent 
experiments by W. M. Ball, Jr.,* 
give evidence that the penetration 
and wrinkled surface defects are 
physical and mechanical. Analysis of 
the metal comprising the wrinkled 
surface has been found to be the same 
as that of the casting proper. This 
is further evidence that penetration 
is principally a physical reaction, and 
the variations in ramming inevitable 
under hand molding conditions bring 
about greater penetration difficulties. 

Low bonded, flowable sands capa- 
ble of carrying rather high temper 
contents often have been observed to 
be effective under such conditions. 
The extra water content creates back 
pressure as well as chilling the metal 





*Magnus Brass Div. of National Lead 
Co., Cincinnati. 
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Table 2 
ANALYSES OF NATURAL SANDS 
Sand Sand 
Properties No. 1 No. 2 
Moisture, per cent 7.0 7.0 
Permeability 18.4 49.0 
Green shear, psi. 1.8 2.7 
Green compression, psi. 6.9 11.2 
Dry shear, psi 3.0 5.1 
Dry compression, psi 22.0 29.0 
Retained on 
Mesh, per cent 
30 - 0.60 
40 0.80 0.60 
50 0.60 0.80 
70 1.00 7.80 
100 6.60 40.60 
140 28.60 26.20 
200 40.00 4.40 
270 3.40 0.60 
Pan 2.20 0.40 
lotal Screen 83.20 82.00 
Clay 16.80 18.00 
“B” Sintering Point,°F. 2606 2651 
Deformation 0.016 0.014 
Tensile 6.8 9.8 
A.F.A. Av. Grain 
Fineness 125 82 





and inhibits penetration. Recently, 
in foundries that are more highly 
mechanized and where sand _ is 
rammed to a more uniform density, 
the appearance of the penetration 
defect is less frequent. 

Advantages of Synthetic Sand. 
Synthetic sands appeal to foundry- 
men who want open and permeable 
sands. The choice of fine grades of 


bank sands or silicas suitable for 


brass, bronze, and aluminum cast- 
ings is relatively limited. Neverthe- 
less, some foundries have insisted on 
synthetic sands largely for the pur- 
pose of maintaining high perme- 
ability. This was true during the war 





by the makers of some aluminum 
castings and in other war work. 


Some aluminum foundries insisted, 
rightly or wrongly, on a permeability 
as high as 100, and conventional 
molding sands ordinarily used in 
non-ferrous foundries do not cover 
this range. Therefore, non-ferrous 
synthetic sands usually are made 
from the higher priced washed and 
dried silicas. However, the bonding 
materials used often have excessive 
hot strength in the temperature 
ranges between 1000 and 2000°F., 
resulting in cracked castings, leak- 
age, seams and buckles, and other 
difficulties. 

Full synthetic 
tricky to control and are critical to 


sands are also 


slight changes of moisture. It is 
well known that where such sands 
may work satisfactorily with 4 per 
cent of moisture, they are not at all 
satisfactory at 3 or 5 per cent. Rapid 
drying out of the molds is also ex- 
perienced under these conditions. 

Various expedients have been used 
to prevent this annoyance, such as 
chemical additions, oil or cereal 
binder, and additions of natural sand 
to synthetic, none of which are as 
dependable as the proper natural 
sands would be. Some natural sands 
have the peaked grain distribution 
and high permeability which charac- 
terizes synthetic sand, and at the 
same time have clay bond that is not 
critical to reasonable variations of 
moisture. The analyses shown in 
Table 2 indicate two such sands that 
have a marked resemblance to syn- 
thetic sand, and yet are entirely 
natural sands and with clay bond 
characteristics capable of satisfactory 
performance over a moisture range 
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of 5 to 11 per cent 

also suitable for found vt : " 
to pursue a semi-synt tae 
where natural bond 

with only occasional 

bonding material to 
prolong the use of sar 


Metal Penetration 

Too often foundrym: 
ly of burn-on or met 
as if the conditions w 
adequate refractorines: thy 
whereas the true caus 
to inadequate flowab Us 
voids to be left in the mold surfa,, 
which are open for metal penetr; 
tion during the casting process. Thy 
highly colloidal bond used 
thetic sands is, under pra 
ditions, likely to impair 
bringing about penetration and sa) 
paper finish, especially in making ¢} 
bronzes that have an inherent o 
persistent tendency to flow in | 
tween the sand grains. 

For this reason, it is necessar 
have fairly high permeability 
high flowability, permitting h 
ramming, or to have a soft bond 
sand of sufficiently fine textu M 
which case medium ramming usua 
is used. Following the latter p 


many foundries like the so-called N 
1Y%2 and No. 2 Eastern sands or t! 
soft textured Middle Western sand S 


of 10 to 40 permeability rang: 
Suitable grain size and good f] 

ability are quite essential in produc 

ing smooth surface aluminum cast- 


ings. Figure 1 (left) shows an alumi- 


Fig. 2 


content, extremely fine molding sand 


Casting made in a high clay 














in a sand of 20 





si. green compres- 
) per cent mois- 
right) shows the 
de in heap sand of 
6 psi. green com- 
and 7.5 per cent 
ind for the latter 
ly finer in texture 
ible. Figure 2 shows 
in a high clay con- 
fine molding sand. 
nd has 270 average 
per cent clay content. 
tests 6.5 permeability, 
compressive strength 
nt moisture content. 


d core and the mold 
the same sand. 


DISCUSSION 


B. A. Mritver, Baldwin 

Works, Cramp Brass & Iron 
yn, Philadelphia. 

C. Louis Lang, Flor- 

, Florence, N. J. 

M. Sr. Joun and N. A. Topororr 

? Natural bonded 

tic sands occupy differ- 

neither type 

considered universal. In 


ndry Co 


ipping fields; 


i for the natural sands 

Mr. Osborn has perhaps failed to do 
istice to the synthetic type. 

Nat onded sands are easier to 


small 
it cannot economically use 


find greater use in 


sand handling equipment. 
more difficult to 
trol; they find their appli- 
foundries 
rofitably use elaborate mix- 
t. There are many border- 


Synthet nas are 


high-production 


Mr. Osborn states that brass and 
ndries obtain good results with 
ng a permeability of from 10 

Chis seems much too wide a 

considering only nat- 

mded sands. At the lower per- 
s difficulty will be experienced 
ows, scabs, pinholes, rat tails and 

gas seams; at permeabilities near 50 a 
good finish can hardly be expected if a 
natural sand without additions is used. 
H. W. Dietert and his associates have 
showr Mold Surface Gas Pressure, 
APA. Transactions 1944) that per- 

meability measurements must be corre- 
ted with the amount of steam and gas 

generated when molten metal is poured 
old. The amount of gas gen- 
iy be so great that the mold 
ity is zero in the early stage of 


g { we are 


is the principal source of mold 
gas the moisture content of the 
sand not safely be permitted to wan- 
cer widely no matter what type of sand 
Nor can the chilling effect of 
‘igh moisture be ignored, particularly 
when pouring castings of thin section. 


Crane Co., Chicago, Ill. 


Moisture 


important single 


control is probably the most 
factor i! 
the desired properties of a molding sand 
whether natural or svntheti The fact 
that some natural sands can be used at 
a moisture content as high as 10 or 11 
per cent is hardly an advantage if th 
results of doing so are undesirabl 

It is true that certain fine natural 
sands have no equal if an exceptionally 
smooth skin finish is desired on smal] 
castings. It is also true that, for small 
castings which are to be polished and 
plated, a smooth skin finish is of no 
and that thes 
high permeability sand of low moisture 


importance require a 
content if gas porosity 1s to be avoided 

Poor workability is perhaps the most 
serious disadvantage of synthetic sands 
Intensive mixing and mulling are esset 
tial if they are to be used successfully 


If the 


proper 


foundry is provided with the 
mechanical equipment for this 
purpose, the problem need not be a 
troublesome one 

Synthetic sand molds are more diffi 
cult to patch, but their green strength 
is so high that little patching is neces- 
sary. Dry and broken edges can largely 
be avoided if the proper bond is selected 
Synthetic sands admittedly must be con- 
trolled more closely than natural sands, 
but fortunately they lend themselves to 
control much more readily than do the 
natural sands 

The foundryman will do well to 
choose his sand as carefully as he does 
his metal and to plan his control pro- 
cedure with equal care. Whether the 
sand is natural or synthetic (and each 
has its place the best possible results 
will not be obtained without both good 
sand and good practice. 

Mr. Osporn: It is true that my en- 
thusiasm for natural sands is perhaps 
quite strong. We have to admit that 
synthetic sands do have considerable 
value, especially where they are prop- 
erly used. However, we feel that the 
natural sands, when they are given the 
proper selection and given the careful 
attention synthetic sands must be given, 
will then perform quite efficiently for 
brass and bronze castings. 

In other words, we feel that natural 
sands have really a greater place for the 
non-ferrous metals than they may have 
for some of the other metals poured at 
the higher temperatures. The permea- 
bility does not have to be so high for 
natural sands and it is not necessary to 
watch so closely the chemical purity and 
the sintering point of the sands as it 
would be in some other foundry opera- 
tion. 

As to the comment about the permea- 
bility range from 10 to 50 being too 
wide, it is rather wide as a general 
statement. For the general foundry oper- 
ating sand in the heaps and hand- 
ramming or machine-ramming it under 
average conditions, there are many 
foundries today that are operating on 10 
permeability and having sound castings 
I would prefer to see approximately 15 
to 20 permeability for most bench work 
but many foundries are working much 
lower than that. 

As for 50 permeability being too high 


for satisfactory finish in natural sand, 
I do not agree with the author of that 
statement There are a number of natu 


ral sands that will give satisfactory 


finish at 50 permeability. I 


thinking 
of a foundry that does a ereat deal of 
aluminum-bronze work and they dis- 
carded synthetic sand in favor of natural 
sand of about 90 permeability, which 
they work in the heaps. After the break- 
down of sand in the heaps, they work 
the heaps at about a 60 or 70 permea 
bility and get what they consider a good 
finish, in fact, a better finish than they 
were getting with synthetic sands 

W. M. Batt, Jr. 
is a broad question but I still think it 
has to be discussed in conjunction with 


This sand question 


what you are going to pour against it 
In this non-ferrous group we have prob 
ably two or three thousand alloys and 
two or three thousand conditions and 
when you try to buy one sand to match 
those two or three thousand conditions, 
you are in a quandary 

The variance of the alloy is going to 
determine the kind of sand to be used 
and that is where you get into much 
trouble The foundryman who is trying 
to find a sand that is going to cover all 
these conditions in a brass foundry is 
asking for the impossible. He might as 
well make up his mind that he is going 
to have trouble trying to seek the condi- 
tion that will fit the thing that he is 
trying to do. 

If he is changing these alloys, he has 
to think of a sand for each type of work 
That is what we try to do. Sometimes 
we use a rough sand and the next time 
we have to use a fine sand. You have 
to get that skin closed up. 
the metal go clear through the core. So 


I have seen 


if you have that condition, you have to 
get down to that fineness of sand, or 
the metal will go through it. You have 
to change the condition of the sand to 
suit the material that you are going to 
pour against it. 

Mr. Ossorn: Mr. Ball’s statements I 
think are very well made and in nearly 
foundry those that are 
mechanized and with continuous convey 
ing units, I think it is necessary to use 
two or three different types of sand 
When I spoke of the aluminum-bronzes, 
I referred particularly to that type of 
metal, that type of casting That same 
foundry, however, is also using sand of 
about 18 permeability for general work 
and they have an even finer sand for 
name plates and memorial tablets and 


every except 


other ornamental work. 

We must absolutely select the sand 
for the job. That was another reason 
why this paper was left rather vague 
We do not want to pin ourselves down 
too closely to any gencral program, be- 
cause 1t is just impossible to do it. It is 
better to see the foundry’s operation, to 
see what they are doing with the sand, 
what they expect, what their past experi- 
ence has been, and take everything into 
consideration before you make a recom 
mendation as to the type of sand to be 
used for certain jobs. 

CHAIRMAN Miuer: I have discussed 


*Magnus Brass Div., National Lead Co., Cin- 
cinnati. 
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the term permeability with the steel, gray 
iron and non-ferrous foundrymen and 
they all seem to disagree on the word 
permeability and its application to found- 
ry sand. Mr. Ball put it mildly when he 
said, we must consider what we are 
pouring metal against. I think in a few 
years hence we will have a better knowl- 
edge of what permeability means. 

H. F. Tayror’: I would take rather 
vigorous but good-natured exception to 
Mr. Ball’s statement and turn it around 
and say that the man who tries to find 
a different sand for every possible con- 
dition that he runs into in the foundry 
is in for a big disappointment. 

We in the Naval Research Laboratory 
were faced with the problem of finding 
what we call a universal sand. The 
reason for that was that in repairing 
ships at advanced bases, the business of 
getting a sand for every purpose pre- 
sented quite a problem in inventory, in 
shipping, and in procurement. So we 
tried to find one sand which would serve 
all these purposes. We compounded this 
sand and had the molder ram four molds 
from a single batch of sand. He did not 


know what would be poured into those 
molds and we did not know either. 

We proceeded to pour aluminum, 
bronze, cast iron and steel in those four 
molds that he made up, and they were 
all excellent castings. To be sure, the 
aluminum casting was not as smooth as 
some people would like, but it was a 
good casting nonetheless, and with a 
little work in the blending of the sand, 
not necessarily a mixing of fines, that 
will give resistance to penetration and 
smoothness. 

It is a blending, the combination of 
these sand sizes that give this to you, 
and I am sure that if we took this one 
base sand and blended it more expertly, 
we would find that we could get nice- 
looking, smooth castings. At the Research 
Laboratory, we used one sand. At the 
Norfolk Navy Yard they use a single 
sand for the various methods and I am 
sure that in time the trend will be 
towards simplification rather than trying 
to make the picture more complex. 

As to this business of permeability, the 
permeability of an ingot mold is zero. 
Yet they make nice, smooth ingots. The 
reason for that is that you have not put 
into the mold a lot of things that are 
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going to create gas, ar 

to a universal sand. K; —_ 

at a minimum, keep , ey 
rials of a nature that ae he 
large volume of noxious ia 
we do know more abo 

believe we will be able 

picture. 

The natural sands ha : . 
good place, in the foun I feel 
need to know a lot more abow ou 
A fundamental study should os 
more than we have eve: oe ee 
past, even more than we have made is 
the synthetic sands. I feel tha: ,,, 
advantage that the synthetic sang ‘i 
which perhaps the natural sand will ho, 
later is that it is a little easier to cont 





at the present time. When it js con, 
trolled the same as the synthetic sana 
and perhaps a new sand facing jr 
regularly, I do not see how you com 


control the sand that you use 


ver and 


over. If you used a new sand and nat. 


ral sand facing and controlled it like , d 
do the synthetic sands, you would hay, 
a pretty good deal. 
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EXOTHERMIC MATERIALS 


Exothermic materials in concentrated form, 
used as riser additions, provide the heat neces- 
sary for proper directional solidification in the 
casting, reducing riser size and increasing yield. 





— 
C. G. Lutts 
J. P. Hickey 


and 

Michael Bock Il 
Boston Naval Shipyard 
Boston 


SHRINKAGE IN CASTINGS, of 
| types, is the most trouble- 
defect encountered in present 
ndry practice. The problem of 
shrinkage, coupled with the attempt 
btain as high a percentage of 
good casting to metal melted 
ossible, has resulted in many of 
recent developments in gating 
nd risering technique. 

Such devices as blind risers, exter- 
hills, insulating sleeves, and 
fiers or pipe eliminators have 
been used with varying degrees of 
Steel companies use insulat- 
g fire brick for “hot tops” and, at 
times, have gone so far as to attempt 
to produce heat in the top of ingots 

y applying an electric arc. 


Liquifiers Applied 

Use of liquifiers on open risers has 
en adopted as common practice in 
st steel foundries. Usually they 
of the insulating type or the 
mildly exothermic type, or a combi- 
nation of the two. Liquifiers are 
used in bronze foundries, but in 

‘ application the liquifier gener- 

y provides insulation against loss 
f heat rather than lowering the 
‘reezing point of the metal through 
sorption of carbon, as is the case 


resented at a Brass and Bronze Ses- 


ton of the Fiftieth Annual Meeting, 
meri Foundrymen’s Association, at 
eveland, May 8, 1946. The opinions 
‘xpressed in the paper are those of the 
thors and do not necessarily reflect the 
news of the Navy Department. 


a 


with steel. Many foundries also em- 
ploy dry floor sand to minimize loss 
of heat. 

Usage of new types of exothermic 
materials in concentrated form for 
addition to risers, thus providing 
great heat at the proper place for 
producing directional solidification, 
are dealt with in the present paper. 
Results of tests are given for steel, 
monel metal and corrosion-resistant 
steel. As one of the products of 
these exothermic materials is metal, 
the composition must match the 
metal of the casting. 

In exothermic reactions the prop- 
erly sized powders of oxides of 
metals react with sized aluminum 
powder to produce the desired metal 
or alloy, aluminum oxide and heat. 
The chemical formulas for three 
general reactions, i.e., for steel, 
monel metal, and bronze applica- 
tions, would involve some or combi- 
nations of the following: 


3Fe,0, + 8Al=4Al,O,+ 9Fe + Heat 
3NiO +2AIl=Al,O, +3Ni +Heat 
3CuO +2AI=Al,0O, +3Cu+Heat 
Cr,O,; +2Al=Al,O;, +2Cr-+ Heat 


This type of reaction provides the 
two basic anti-shrinkage aids; pro- 
duction of superheated metal in the 
riser where heat is needed, and pro- 
duction of a refractory insulating cap 
in the riser to conserve this heat. 

Certain previous experimental 
work at the Boston Naval Shipyard 
in making castings entirely of exo- 
thermic materials had shown that a 
small steel bushing could be pro- 
duced without apparent shrinkage. 
The casting was made by filling the 
mold with exothermic powder mix- 
ture and igniting the charge in the 
mold. The surface of the charge 
was ignited and the _ reaction 


proceeded downward through the 
charge with clean separation of 
metal and slag. 

Figure 1 shows this casting sec- 
tioned after removal of the slag 
layer. It appears that the hot re- 
fractory insulating slag on top plus 
favorable convection currents con- 
trolled the cooling rate so that all 
shrinkage passed out through the top 
surface without the usual piping 
effect. 


Insulating Slag 

The foregoing experiment indi- 
cated the desirability of superheated 
metal plus insulating slag in the 
riser portions of the mold such as 
might be obtained by exothermic re- 
actions. This suggested that the 
mold be filled with ordinary furnace 
metal to the bottom of the riser, 
followed by a charge of exothermic 
mixture to fill the riser. Great heat 
would be produced at the critical 
point and the method would be 
applicable not only to steel but, if 
proper exothermic mixtures were 
available, to bronze, monel metal, 
and any other metal or alloy subject 
to injurious shrinkage. 

However, it was anticipated that 
the beneficial heat effect accom- 
panying the exothermic reaction 
might not be so all inclusive as to 
guarantee solidarity through long 
feeding paths to points at relatively 
great distances from the riser. To 
test this point some of the original 
experiments were performed on 
round billets of varying diameter 
and length. 

All of these billets were 20 in. 
long but divided into groups having 
diameters of 7, 5 and 3 in., respec- 
tively. The slenderness ratio was 
thus varied, in the case of the last 











Fig. 1 











Steel bushing melted by exothermic process. Slag left on top for 


insulation to promote feeding. Note that bushing is completely solid. 


group the relation was almost 7 to 1, 
and this was to prove an exacting 
test. With regard to metal sound- 
ness the experiments were not en- 
tirely successful as the castings con- 
tained some amounts of secondary 
shrinkage. 

However, when the proper amount 
of exothermic material was added 
to the risers, approximately 15 per 
cent by weight, all of the primary 
shrinkage disappeared. The limita- 
tion of feeding a casting from a riser 
was emphasized by this test. With 
such a condition directional solidifi- 
cation cannot be readily set up, even 
with exothermic treatment, and a 
design change is in order. Up to 
this point exothermic powders such 
as described herein serve a most use- 
ful purpose. 

It is possible to stop pouring a 
mold when the metal just reaches 
into the riser and thereby obtain a 
high yield when the exothermic pow- 





Yre_tp Data FoR CAM CASTINGS 


Casting Weight with Carbon-Type 
Liquifiers, lb. 


With gate and riser 117 
With gate and riser removed...... 58 
Yield, per cent... . 49.5 


Casting Weight with Exothermic 
Material in Riser, lb. 
With gate and riser 67 
With gate and riser removed...... 58 
Yield, per cent iiss ds ee 


der adds a layer of superheated 
metal at this point. An example of 
this higher yield is shown in the 
accompanying table. Both castings 
were found radiographically sound. 


Exoru! 


Powders of the 
must be compound 
match the metal t 
to be added. A 
oxide with aluminu: 
ed as to particle 
down to the prop: 
satisfactory for steel] 
of course, be suitab| 
resisting steel or non 

For corrosion-resi 
metal generated fro: 
of the liquifier must, 
contain substantial 
chromium and nicke! 
of chromium and nick: 
ingly incorporated in 
mixture in proper bala: 
iron oxide. 

In the case of mone! metal th 
mixture is made up of nickel oxi¢; 
copper oxide, aluminum powder ang 
other ingredients to control the hea 
level and the viscosity of the sag 
A word of caution is desirab\ 
this point as to the explosive char. 
acter of copper oxide when inad. 
visedly used alone or in certain 
binations with other oxides, particy 
larly aluminum not properly graded 

This situation makes the produc. 
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Diagrammatic sketch of keel 
block test casting showing dimensions. 





















Fig. 3—Keel block t. 
ing with riser. N 
showing where castin 

later sectioned 





























rmic powders for 
rather more difficult 
with monel metal 
er, such exothermic 
been made and can 
vith due precautions 
yroblem exists with 
nary S ickel-copper (monel) 
a nickel mixtures. 
dealing with steel, 
n-resisting steel, and 
monel) alloy, are de- 
following paragraphs. 
Figures id 3 illustrate in half 
rn and the casting em- 
test. This design of 
been used recently in 
ations, particularly in 
ld, to demonstrate the 
gypsum _ insulating 
len molds were made, three each 
, medium steel and corro- 
n-resisting steel, and four for 
nel metal. In each case the gate 
the back at the base 
the riser since in pouring directly 
iown the riser it would have been 
ficult to stop pouring at the de- 
red level in the riser. 


nt mto 
if into 


[Three castings were poured in 
lium steel at the same time and 
n one pot of metal (Figs. 4, 5, 6). 
ne casting (Fig. 4) was poured 
the top of the riser and was then 
vered with an ordinary carbon- 


*H. F. Taylor and W. C. Wick, 
Insulating Pads and Riser Sleeves for 
Bronze Castings,” P. 262. 








Fig. 4—Test casting of Class B steel; 
‘arbon type pipe eliminator used. 
Shrinkage extends into casting. 
Weight of riser and casting, 28 Ib. 
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Fig. 6—Class B steel test casting; 2} 


~ 


2 lb. steel exothermic powder used; 80 


per cent yield of good casting. In this test pouring stopped at bottom of 
riser near dotted line shown. 


type liquifier, following normal 
foundry practice. 

Note that the shrinkage extends 
the complete length of the riser and 
into the casting. The second casting 
(Fig. 5) was poured almost to the 
top of the riser, the same as in the 
first casting, and 1% Ib. of exother- 


mic powder added in the riser. This 











Fig. 5—Test casting of Class B steel; 

1% lb. of steel exothermic powder 

used in riser. Note lessened shrink- 
age in top of riser. 


addition amounted to approximately 
6 per cent of the weight of the cast- 
ing and risers combined. The shrink- 
age then was concentrated at the 
top of the riser. 

For the third casting, Fig. 6, the 
riser was poured short and 24 lb. 
of exothermic material was added. 
Note that the casting itself is sound. 
The yield of the casting shown in 
Fig. 6 is 80 per cent, as compared 
with a yield of 50 per cent for the 
castings shown in Figs. 4 and 5. The 
percentage of exothermic addition in 
this case was 18 per cent. 


Corrosion-Resisting Steel 

Similar castings were then poured 
with 20-10 corrosion-resisting steel. 
The results were the same. The 
first casting disclosed a deep, dan- 
gerous shrink, while the second and 
third castings were progressively 
better. Photographs for this test are 
not included, the appearance of the 
castings being almost identical with 
the photographs shown herein for 
monel metal castings. 

Figures 7, 8, 9 and 10 show the 
nickel-copper (monel) alloy castings. 
The first casting, without the benefit 
of exothermic treatment, developed 
the deep shrink naturally associated 
with monel metal, in this case suffi- 
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Fig. 7—Nickel-copper alloy (monel metal) test 
casting; conventional carbon-free pipe eliminator 
used. Note that shrinkage extends into casting. 























Fig. 8—Test casting of nickel-copper alloy (monel 

metal); 1V2 lb. exothermic material in riser. Cast- 

ing is sound, although secondary shrinkage is 
shown at base of riser. 




















Fig. 9—Nickel-copper alloy (monel metal) test 
casting; 22 lb. exothermic material in riser. Note 
that both casting and riser are solid. 














Fig. 10—Test casting of nickel-copper alloy (monel 

metal); 2Y lb. exothermic material in riser. Note 

that solid casting has been produced with ex- 
tremely shallow riser. 
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lt of exothermic 
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the usefulness of the 

rated in Fig. 7. 

After 1 nt with 1% Ib. of 
terial the casting is 
ed, but an area of 

shrink persists deep 

Figure 9 illustrates the 
tained with the 2'-lb. 

It was decided at this 
casting with a mini- 

riser, pouring the mold only 
bottom of the riser and then 


ling exothermic powder. 


Figure 10 shows the result—a per- 
sting without shrinkage and 
ically without riser. In the case 
these two latter tests particular 
ntion should be paid to the 
earance of the riser surface, 


gests that during cooling 
vel of the molten metal fell 
mly across the riser diameter 
little if any inward side freez- 
Directional solidification from 
riser is thus indi- 





to cope t 





Same Composition 





\ different type of exothermic 
vder was used for each of the 
alloys, i.e., steel, corrosion- 


ig steel, and monel metal, so 
the hot metal produced exo- 
ically matched the metal of the 





‘se experiments the exother- 
ction was self-starting from 
heat present in the riser metal, 
i the superheated metal was pro- 
d at a temperature of 1000 to 
F. above the usual pouring 
perature for the metal. 
ry insulating “hot top” 
terial is practicaily pure Al,Os. 
The material, as it solidifies, usually 
number of air layers of 
s interspersed throughout 
one large cap on the 


tioned riser from pro- 

25 Ib. nickel-copper 
material used on riser. 
\ t amount of shrinkage. 
























































Nickel-copper alloy propeller casting with riser. Casting is gated 


in center of hub at bottom. Casting and riser weight, 450 lb. 


Fig. 12 
















































Sectioned riser from propeller casting showing amount of shrinkage 
Riser, 9Y2-in. diameter. 


Fig. 13 


when conventional carbon-free liquidizer is used. 







































riser. For best results a slag layer 
over 2 in. thick is desired, although 
in many instances 14% in. may be 
quite satisfactory. Figure 11 shows 
a sectioned piece of refractory “hot 
top.” 

In applying exothermic powders, 
the success of the operation depends 
upon using a sufficient amount. In 
experimental work conducted to 
date, additions have ranged from 5 
to 25 per cent of the weight of the 
casting and risers combined, the nor- 
mal amount being about 15 per cent. 
It appears that the amount of exo- 
thermic material will be about the 
same for all risers of the same diam- 
eter. 

It is thought in this connection 
that charts can be prepared showing 
riser size versus amount of exother- 
mic material. From _ preliminary 
work, this method of calculating 
agrees closely with the percentage 
basis aforementioned. 

The suggestion that exothermic 
material be used as an anti-piping 
compound is not new in the case 
of steel, but is believed to be new 
in the case of non-ferrous alloys. In 


the case of steel, recommendations 
in the literature of some years past 
as to additions to be made now 
appear to have been inadequate. For 
this reason, a practical development 
and general adoption of the use of 
exothermic material may have been 


delayed. 


Shrinkage Reduced 


Application of exothermic powder 


to a nickel-copper (monel) alloy 
production casting is presented as an 
additional example (Figs. 12 to 14). 
Figure 12 shows a propeller casting 
weighing about 270 Ib., with a 9-in. 
diameter riser attached. This was 
poured by the two methods, first 
using good normal practice employ- 
ing the usual protective liquifier, and 
then with nickel-copper exothermic 
powder in the riser. The difference 
in amount of shrinkage can be read- 
ily noted from the photographs of 
the sectioned risers, Figs. 13 and 14. 

Figure 13 shows that the shrink 
defect was 2 in. in diameter and 
extended deep into the casting. In 
the case of the casting shown in 
Fig. 14 the shrink has almost dis- 


EXOTHERM! 


appeared, but not en: 
slight shrink may be 

the somewhat “skimpy” 
8 per cent by weight of 
mic powder. This tes 
again suggests the d 
using adequate addition 


Conclusions 


1. A new method ha 
onstrated for making c¢ 
of castings sound and 
shrinkage by applying lar 
of exothermic powders in : 

2. Exothermic additions to rise; 
beyond those formerly used hay 
produced these results by guarantee. 
ing casting directional solidification 

3. The key to exothermic treat. 
ment for castings lies in sufficiency 
and in the knowledge that ther 
a minimum percentage 
necessary to do the job. 


quantity 


4. Cost features have not beer 
considered in this article; thes 
would vary on individual applica- 
tions and would be influenced by 
increased yield, cost of the treat- 
ment, the necessity for quality, and 
many other factors. 
















METALLURGICAL ASPECTS 


of 


CAST IRON REPAIR WELDING 
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\LTHOUGH REPAIR WELDING 

f cast iron has been carried on for 
. number of years, considerable con- 
fysion still seems to exist as to what 
the necessary factors for correct 
welding procedure are and what 

tually takes place in the weld and 
adjacent cast iron during this repair 
peration. Some of the procedures 
vhich have been used in the past 
ind have been developed by cut- 
ind-try methods are not correct in 
| details; and, although the essen- 

il factors may be sound, some of 
the items involved might be not only 
iseless but actually harmful. Recog- 
nizing this condition, the authors 
outlined a test and study program 
n an endeavor to clarify the limita- 

ms of cast iron welding and estab- 
ish more functional procedures. 

In reviewing the work to be done, 
the authors decided to limit the 
scope of this paper to the welding 
i gray cast iron by use of cast iron, 
nickel, or monel filler metal. While 
it is recognized that brazing, solder- 
ing, and the various carbon-arc 
techniques are also often used, the 
authors have tried to concentrate on 
the methods listed in that they are 


Presented at a Gray Iron Welding 
Session of the Fiftieth Annual Meeting, 


Ameri n Foundrymen’s Association, at 
Cleveland, May 10, 1946. The authors 
are connected with the following divi- 


sions of General Motors Corp., Detroit: 
|. M. Diebold, GMC Truck & Coach 
Div.; J. A. Blastic, Detroit Diesel Div.; 
J. A. Griffin, Pontiac Motor Div. 


Table 1 
NS OF MATERIALS UTILIZED 


CHEMICAL COMPOSITIO 


Test Plate 
Analysis, 


Element per cent 
Total Carbon 3.30 
Graphitic Carbon 2.9 
Combined Carbon 0.39 
Manganese 0.66 
Phosphorus 0.149 
Sulphur 0.199 
Silicon 2.32 
Chromium 0.16 
Nickel . 6.22 
Molybdenum : 0.02 
Copper . 0.10 
Vanadium 0.025 


Nore: The nickel electrode material used 


Rod Analysis Pad Analysi 
Commercial Commercial 
Gas Rod No. I, Gas Rod No. 2, dre Rod, 
per cent per cent per cent 
3.63 3.42 3.49 
2.7 2.91 3.46 
0.85 0.51 0.03 
0.60 0.55 0.77 
0.60 0.61 0.90 
0.09 0.08 0.022 
3.29 3.07 3.35 
0.14 0.05 
0.19 0.06 
0.02 0.11 
0.10 oo 
0.05 : 


was commercially pure quality of 98 per cent nickel, 


remainder impurities; the monel electrodes were essentially 30 per cent copper and 7() per cent nickel 





most widely used, and in the belief 
that the findings would be helpful 
even in the interpretation of those 
processes not included. 

As a further limitation, it was de- 
cided that, in order to keep the paper 
within reasonable limits, only one 


composition of gray cast iron parent 
metal, two compositions of the gas 
welding cast iron filler metal, one 
composition of the cast iron arc 
filler metal, and one composition 
each of the bare and coated nickel 
and monel materials should be used. 

A program for the arc and gas 
welding with the cast iron filler 





* A test program for the 

purpose of establishing 
the limitations of cast iron 
welding and developing 
welding procedures which 
will produce desired physi- 
cal properties in welds and 
heat-affected zones is out- 
lined by the authors. The 
scope of the study was 
limited, for reasons of 
practicability, to the weld- 
ing of gray cast iron by 
use of cast iron, nickel, or 
monel filler metal, and 
further limited in respect to 
compositions of materials. 





metal was planned with the follow- 
ing preheat and postheat conditions: 

1. Weld at 70°F., or room tem- 
perature (no preheat or postheat). 

2. Preheat and postheat at 
500° F. 

3. Preheat and postheat at 1000° 
F., corresponding to usual practice. 

4. Preheat and postheat at 1400° 
F., recognized as being higher than 
usual practice. 

The mone! and nickel electrodes 
were applied with generally accepted 
practice involving no preheat or 
postheat. 

Test plates were cast under pro- 
duction conditions and were all from 
one heat of iron. (See Table 1 for 
chemical compositions of test plates. ) 


















METALLURGY OF Cast ] 


These plates were cast 
size, 34x3x20 in., and 
into pieces 7 in. long 
condition. Holes of 
were drilled half-way 
plates to serve as flaws 

of the coated mone] 
specimens, it was fi 
expedient to counterbo: 
in order to give better « 
fusion at the bottom 
and postheating were car: 
a small laboratory-type fu: 
the welding time being 
absolute minimum. 

Postheating practice 
on in the following mann 
1400° F. specimens wer 
cooled to 800° F.: th 
pieces to 500° F.; and th 
specimens to 200° F.; the remainder 
of the cooling was done in 
The welded specimens were ther 
cut across the filled flaw and macro. 
sections with hardness traverses we: 
taken of each weld, using Vicker 
machine with a 10-kg. load. Mic; 
studies were made both for grap} 
distribution and microstructur 

Tensile test bars (0.505-in. dia 
were made, utilizing sections 
mold feeders of the same material 
Bars with arc and gas cast iron filler 
metals were made with double “V’ 
joint preparation for the weld, whic! 
was placed crosswise of each spe 
men. 

Since these tensile specimens wet 
small, preheat and postheat for th 
gas welding was done with th 
torch, but furnace preheat and post- 
heat of 1000° F. was considered 


necessary for the arc-welded bai 


} 
ior 
I 


In all cases, the welding was « 
by the same operator under as near! 
identical conditions as possibli 
Gas Welding Specimens. Com- 
paring the hardness traverses of 
specimens subjected to the first thre: 
heat treatments first, it will be noted 
that the specimens welded 
temperature (Figs. 1 and 
that the highest hardnesses a: 
not in the heat-affected zor 
the welding metal itself, wit 
Macrosection. Vickers Brinell (10 kg.). Heat-affected zone (nital etch). hardness of 270 Vic kers 
pared with 250 Vicker: 
heat-affected zone. 
Studying the microstr 
these specimens, it will 
Fig. 1—Gas-weld specimen with rod No. 1, at room temperature that weld metal showed :; 
showing hardness traverse and representative microstructure at to fine pearlite matrix \ 
weld and heat-affected zone, boih showing pearlite matrix with small areas of steadite and 
steadite and carbide areas. The heat-affected zone 





















vith 
Vick 


the 


Agall 


eneous consistency, as 
ted. Again the medi- 
rlite formed a matrix, 
irbide and _=steadite 
amounts of ferrite 
remainder. The par- 
found to be of a 
pearlitic structure. 
the hardness traverse 
F. specimen in Fig. 3, 
en that the hardness 
ut the same as those 
I specimens ( Figs. l 
irthermore, the micro- 
ly approximate those 
ens at room tempera- 


F. preheat and post- 
rdness range still re- 
ibout the same as shown 
though upon examina- 
microstructure a slight 


juction in the amount of car- 


beginning of ferrite 
round the graphite flakes 
heat-affected zone will be 








the information on 
first three ranges on gas weld- 
the structure and hardness has 
| quite constant throughout. 
Welding. As might be ex- 
the 70° F. arc-welded speci- 
shows a considerably higher 


rdness range than the correspond - 


gas-welded specimen (Fig. 5). 
n, note that the weld metal 
a high hardness of 370-381 
ers is considerably harder than 
heat-affected zone (315 Vick- 
Turning to the microstructure, 
readily apparent that the de- 


ited metal and the heat-affected 


are much more sensitive to the 


nce ol preheat and postheat 


were the gas-welding speci- 


ncidentally, note the fine graph- 
pattern of the arc-weld metal 


) 


he weld metal shows a marten- 


natrix with steadite areas tend- 
form a network. The heat- 
zone shows a mixture of 
pearlite and platelike mar- 


nsite and small carbide areas. The 


t metal shows a pearlitic mat- 
the gas-welded specimens. 
00° F. preheat and post- 
ppreciable reduction in the 
tal hardness is noted (Fig. 
not much change in the 
ted zone. Again the weld 
ows a martensite matrix 

teadite network, and the 
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Heat-affected zone (nital etch). Macrosection. Vickers Brinell (10 kg.). 








Fig. 2—Gas-weld specimen with rod No. 2 at room temperature 
showing similarity of structure and hardness with the same 
condition. 
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Weld (nital etch). 


Fig. 3—This gas weld, made with 500° F. preheat and. postheat 
similar hardness range and microstructure to those welded at 





: , perature. 
Macrosection. Vickers Brinell (10 kg.). 





Macrosection. Vickers Brinell (10 kg.). Fig. 4—The gas weld with 1000°F. preheat and postheat again si 
hardness and structure similar to Figs. 1, 2 and 3, but note a slight 
in carbides together with an indication of ferrite formation around 


graphite flakes. 


100X  Heat-affected zone. 





Sat a ys oe 


1COX Heat-affected zone. 


Weld (nital etch). 500X Heat-affected zone (nital etch). 


Fig. NW) Arc weld with cast iron electrode welded at room teé m perature 


Macrosection. Vickers Brinell (10 kg.). high hardness and martensitic structure in weld and heat-affected zone 





Vickers Brinell (10 kg.). Fig. 6—The arc-welded specimen with 500° F. preheat and postheat, while 
showing some improvement in weld hardness still has a martensitic matrix in 


weld and coarse acicular structure in heat-affected zone 


100X Heat-affected zone. 
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Weld (nital etch). 





METALLURGY OF Cast |] 


heat-affected zone sh 
acicular structure with 
and carbides present. 

The 1000° F. preh 
heat arc-welded speci: 
better condition in h 
erse (Fig. 7) than the 
ously discussed arc-w 
mens. Although avera 
40 points Vickers high 
comparable gas-welded 
(Fig. 4), it now has an 
more closely agreeing wit 
welded condition. 

Upon examination of the mic 
structure, it will be noted in bos 
the weld metal and heat-affected 
zone the martensitic matrix has 
replaced by a sorbitic structure, }, 
with the steadite network stil] pres. 
ent in the weld metal and carbide 
in both weld metal and _ heat. 
affected zone. This steadite network 
in the arc-weld metal undoubted) 
is due to the high phosphorus , 
this electrode. It will also be noted 
that in the heat-affected zon 
the beginnings of ferrite formation 
around the graphite flakes 

Due to the small size of 
specimens, the conditions noted { 
the arc-welded technique might b 
more nearly representative of « 


the gas-welded specimens since som 
preheat and postheat effect oc- 
curred during gas welding. Th 
structures for the arc-welded speci- 
mens, both at 70°F. and 500°F 
are too hard for good machinability 
and are not desirable from a strengt! 
standpoint. 

While the hardnesses of the best 
of these specimens are still some- 
what higher than those usually as- 
sociated with good machining prac- 
tice, no machining difficulties hav 
been reported from the authors 
production machine shops, although 
a large number of such repairs have 
been machined in the past 

Are and Gas welding with 1400 
F. Preheat. Studying the conditions 
of both arc- and gas-welded speci- 
mens which were subjected to 14! 
F. preheat and postheat, it will & 
noted that the hardness rang 

Macrosection. Vickers Brinell (10 kg.). Heat-affected zone (nital etch). dropped severely not o1 
weld and _heat-affected 
also in the parent metal 
the heat-affected zone 
practically eliminated (Fis 


ich 1 
This 


. . i " : , ail 
Fig. 7—When arc welded at 1000° F., hardness of the weld and indicates that in spite of r and 


ome 


heat-affected zone is definitely reduced and. the structure shows more desirable hardn¢ 


a change from a martensitic to a sorbitic matrix. structural change has t: lace 





















the test specimen 

\4 of the gas speci- 
. 9) a ferrite matrix 
e pearlite near the 

ind the continued 

dites and carbides. 

the arc-welded speci- 

te matrix again is 

as the steadite net- 

d metal. The heat- 

howed a ferrite struc- 

amounts of pearlite 

rbides. The parent 

cases showed a ferrite 

ne areas of pearlite. 

rity between the two 

lding with this heat 

mall, and in neither 

tructure obtained de- 

viously, the amount of 

rbon in these structures 
the iron involved would 
trength characteristics. 
rthen . these heat treatments 
held to minimum time 

iid be much shorter in 

than those which might be 

, complete casting, and 

fore this transformation on 
would be even more 















the trends in these 


the gas welding conditions 
F., 500° F. and 1000 
I showed a reasonably desirable 


ture and hardness range with- 


apparent difference be- 
the various heat treatments. 
However, at 1000°F., the begin- 
ferrite formation around 
phite flakes and the tendency 
rd reduction in the amount of 
ides present apparently resulted 
slower rate of cooling from 
ratures above 1200° F. brought 
by the higher prekeat and 


th + 





[his also indicates that even at 

temperature the pearlite is be- 

ng to break down into ferrite, 

endency effected a complete 

over at 1400°F. While a 

lesirable machining hardness 

ght be obtained by a higher pre- 

ostheat, reduction in com- 

rbon would have to be 

losely in this range be- 

F. and 1400° F. so that 

damage would not more than 
idvantage. 

rse, the change in the rate 

was much more pro- 

the case of the arc weld- 

ng wi preheats and postheats in 

exces 900° F. are indicated in 
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Gas-welded specimen. Arc-welded specimen. 


Fig. 8—Note that low hardness is found on both arc- and gas- 
welded specimens with 1400° F. preheat and postheat, not only in 
weld and heat-affected zone but also in parent metal 





Parent metal (nital etch). Heat-affected zone (nital etch). 


Arc-welded specimens. Gas-welded specimens. 


Fig. 9—The structure of these welded specimens with 1400° F. preheat and postheat shows 
a ferrite matrix in heat-affected zone and parent metal, although steadite and carbides 
are still present. Low combined carbon. 
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Specimen (1) Specimen (2) 
Gas Weld Gas Weld Arc Weld 
27,500 psi. 29,000 psi. 26,000 psi. 

GM 13M Iron GM 13M Iron GM 13M Iron 


Specimen (4) 
































Gas-weld specimen (type Fig. 11—Gas-weld specimen (type Fig. 12—Arc-welded specimen with 
i) highly etched to show No. 2 rod) showing failure outside 1000° F. preheat and postheat show- 
weld location. weld. ing failure well outside of weld. 





order to obtain a desirable structure 
either machining or strength 
characteristics. While the arc weld- 
ing is indicated as a more limited 


for 


process, its advantage of much great- 
er production speed should not be 
overlooked. 

Physical Properties. The gas- 
welded 0.505 in. tensile bars made 
represented the first condition out- 
lined in the foregoing, that is, with 
only local preheat and _postheat. 
However, the arc-welded specimen 
was welded with a 1000° F. preheat 
and postheat, as arc welding at room 
temperature was felt to be too se- 
vere to offer practical information. 
The tensile strengths of the gas- 
welded specimens at 27,500 psi. 
( Fig. 10) and 29,000 psi. (Fig. 11) 
were somewhat higher than that of 
the arc-welded specimen at 26,000 
psi. ( Fig. iz). 
be noted that 


However, it will 


14 


tration of the nickel into the 


iron. 


Fig. 13—-Comparison of the type of 

fractures of the four 0.505-in. bars. 

No. 3 is the parent metal specimen 
38 500 pst. ), 


all specimens broke outside the weld 
and in the heat-affected zone, in- 
dicating possibly that the general 
preheat and postheat might have 
weakened the heat-affected structure 
somewhat. Comparison with the 
base metal strength of 38,500 psi. 
(Fig. 13) indicates that the heat- 
affected zones have been reduced in 
strength about one-third. Since these 
welds were made in as nearly a 


production manner as possible and 
then x-rayed for soundness, they are 
believed to be fairly representative 
of what might be expected under 
production conditions. 

Therefore, in the use of welding, 


heat-affected 
should be 


the 
weld 


of 
the 


strength 
and 


the 


zone not 


Typical microstructure of cold (bare nickel) welding showing pene- 


100X (left) and 500X (right 


wv 


METALLURGY OF Casi 


considered. 


All of this indicat 


a strength factor of two-thi 
casting strength should be u 


considering these welding pro 


Nickel Welding. During th 


seq 


ESS 


of this type of welding it was f 


that the different 


methods of 


nr 
ALiU 


plication were equally different 


the results obtained. 


madé 


Fig. ~The weld 
copper-sheathed nickel wit} 


15 
shows a narrow 
but also hard. Th 
controlled to some extent | 
procedure. 


ing 


zone, 


Welding 


he ai- aff 


a 


? 
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electrode with. the 
ch-current technique 
led bore and cold 
almost no perceptible 







mc. 

7 e the technique would 
nly a mechanical bond 

\is is not true as there 

be a penetration of the 
nto the cast iron base 
14). Of course, this 

yractical only for small 

vhen applied with rea- 
should give highly de- 












vith the copper-sheathed 
rode gives a more ap- 
affected zone, although 
r1 nd is done in a more con- 
tional manner. Again, good fu- 

evidence, but localized 


nesses are observed (Fig. 
















The coated electrode welding has 
he penetration and fusion charac- 
teristics of standard mild-steel elec- 
rodes. This is true of both the 

kel-core electrode as well as the 

nel-core electrode. (Fig. 16). It 
| be noted that both of these de- 
sits have much the same appear- 
nce and the same _ heat-affected 













) characteristics (hardness, Fig. 16—Comparison of the coated nickel (right) and monel (le ft) electrode 
range, ete The microsection of deposits show a close similarity between the extent and hardness of the heat- 
heat-affected zone (Fig. 17) affected zones, although the weld metals etch differentlh 
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Heat-affected zone. 100X Heat-affected zone (nital etch). 500X Parent metal (nital etch). 500X 









Fig. 17—The transition from martensite to sorbite matrix in the heat-affected zone shows 
the sudden change in structure that can be expected with monel or nickel coated electrode 

















Fig, 18 


Sectional views of one of the intake manifolds with arrows and notes 


pointing out the gas-weld repairs and the type of preheat and postheat. 


not 
iron 


structure 
the cast 


shows a martensitic 
unlike that found in 
arc-welded deposit. 
However, both the bare and coat- 
ed monel, as well as the nickel, have 
lower maximum hardness ranges in 





Table 2 

CoMPos!ITION OF Gas-WELDED 

Hicu-Sutpuur Cast [Ron 
Bar, 


per cent 


Weld, 


Element per cent 
Total Carbon 
Graphitic Carbon 
Combined Carbon 
Manganese 
Phosphorus 
Sulphur 

Silicon 

Nickel 

Chromium 
Molybdenum 
Copper .. 


Vanadium 


3.63 
2.78 
0.85 
0.54 
0.11 

0.27 
2.60 
0.19 
0.14 
0.02 
0.10 
0.05 


0.32 * 
0.091* 
2.70 * 


*The elements only checked on weld. 





the heat-affected than the 
cast iron arc-welded material, even 
though the parent metal was at the 
same temperature and condition at 
the start of welding. This probably 
is due to the higher amperage re- 
quired for the cast iron material 
(170 amp.) as compared to the 
rather low amperage used with the 
nickel and monel materials (80 
amp.). 


zone 


Softness of the deposited metal, 
plus the relatively low heat-affected 


zone hardness, indicates that this 
process should be satisfactory for 
areas to be subsequently machined. 
Although ordinarily used only for 
small flaws, the strength of the joint 
again was found to be a function of 
the heat-affected zone, and there- 
fore should approximate the tensile 
properties shown for the cast iron 
filler metal. 


High Sulphur Cast Iron. During 


METALLURGY OF Cas 


the war, the subject of the effect 
sulphur content in the cast iron \ 
One ol 


brought up repeatedly 
criticisms of high sulphur 


it impaired the weldability of 


A study was 
castings 


iron. 
gray 


cast 


some iron 


maa 


wi 


excess sulphur was added in 


ladle. 


Two manifold castings wé 


from a production pattern 


weld repairs were made und 


mal conditions (Fig. 18) 


\ 


bar was made from a weld 


of runner stock from the 
(Fig. 19). 
this material is shown in 
Macrosection of one 
paired flanges is shown 
with hardness range. Alt! 
weld was done with lox 
and postheat, it will be 
the hardnesses are moder 
in the deposited weld n 
No indication of porosi! 
seen, or of abnormal st! 
greater magnitude than t! 
found in this type of rej 


Chemical comp 


th 


th 


} 























inced sulphur odor 
no difference was 
ng on this material. 
0.505-in. tensile bar 
ewhat lower ultimate 
those previously listed, 
lure was the same and 
.re considered within 
tion of the process and 
Even though the sul- 
t was considerably above 
Navy specification lim- 
and welds were 


stings 





Conclusions 
Gas Welding. Preheat and post- 
heat trcatments serve the primary 
funct of minimizing thermal 


the casting and not neces- 


stresses 
sarily simplification of the welding 
technique. Therefore, welding done 
reas without potential locked- 
yp stresses needs only local preheat 
ind postheat with the torch in order 
to minimize effects of local thermal 
sradients. Even with the local heat 
treatment, the maximum hardnesses 
found were in the weld metal, which 
remained quite constant throughout 
test, until the preheat and postheat 
temperatures of 1400° F. were used. 

This process gives physical prop- 
erties with tensile strength 70 per 
cent of that of the unaffected par- 
nt metal. The heat-affected zone 

the critical area, and does not 

to be materially improved by 
preheat and postheat treatment. 
Therefore, weld failures on repaired 
tings indicate stresses in the weld- 
wreas in excess of this 70 per cent 

tor. Sulphur content up to 0.27 
er cent gave no noticeable effect 

the casting or its weldability. 

Arc Welding. In order to mini- 
mize the much sharper thermal 
gradients found with this process, 

Ff. preheat and postheat treat- 
nt is necessary if the hardness 
nge of the weld and heat-affected 

to be kept within reasonable 
ts. However, the soundness of 
weld and its physical properties 
pear equally as good as those ob- 
by the gas-welding process. 
\s the speed of welding is much 
th the arc process (and the 
has good operation charac- 
this process should come 

ising favor. 
Cast Iron Filler Metal Processes. 
nd postheat treatment in 
excess of 1000°F. is potentially 
to the casting even with 
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Fig. 19—High sulphur gray cast iron 0.505 in. diameter tensile bar. Tensile 
strength, 20,000 pst. 








Failure in heat-affected zone and weld. 














No perceptible flaws in failure. 











Fig. 20—Although only locally pre- 

heated and postheated (see Fig. 18), 

the hardnesses and structure of this 

gas weld on high-sulphur iron seem 
normal. 


short heat treatment cycles. Even at 
1000° F. evidence of ferrite 
formation is around the 


some 
apparent 


graphite flakes, which at 1400° F. 
has grown into a ferrite matrix. The 
nature of the structure at 1400° F. 
indicates a low amount of combined 
carbon, and the resultant structure 
is weak and not nearly as desirable 
for the end use of most gray iron 
castings, even though the _heat- 
affected zone was almost entirely 
eliminated at this heat. 

Nickel Welding. Both nickel and 
monel materials indicate good re- 
sults for small flaws, with varying 
amounts of heat-affected zone with 
the different techniques. Cold weld- 
ing showed no appreciable heat- 
affected zone, while the coated elec- 
trodes gave zones similar to the cast 
iron filler metal in the arc process. 

Using Coated Electrodes 

However, in the case of the coated 
electrodes, the heat-affected zone 
was found to be much lower in 
hardness than with the cast iron 


process, and this is attributed to the 
lower electrical energy input during 
welding. This factor indicates that 
the practice of making short weld 
segments and cooling before con- 
tinuing welding is sound, both from 
the heat input standpoint and that 


of minimizing thermal stresses. 

The bare nickel shows a peculiar 
affinity for cast iron even though 
arc welding in the true sense is not 
accomplished. All of the deposited 
metals in this class are soft and suit- 
able for machining. Intermittent 
welding results checked seem to be 
equally good, but have a greater 
tendency toward porosity. 


METALLURGY OF Cast | 


1. Both gas and 
filler metals produc: 
assemblies having two-t 
mate strength of the par 

2. These physical . 
can be expanded in t! 
make practical fabricat 
iron weldments. 

3. Cast iron arc weld 
as good as gas welding | 
conditions, and is advar 
cause of its higher produ 

4. Excessive preheat a 
treatments often are m¢ 
than no treatment at all 

5. The peculiar affinit 
for iron makes possible the elimina 
tion of the heat-affected zone in ;. 
pairing small flaws. Both mone! ang 
nickel offer satisfactory materia] {o; 
repairing without the use of preheat 
and postheat. 

6. The sulphur content of th 
iron when less than 0.27 per cent is 
not considered a factor in weld. 
ability. 

7. All of the foregoing method: 
investigated have a useful place, and 
if studied and properly controlled 
will do much to minimize foundry 
scrap and expedite production. 
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LOW TEMPERATURE PROPERTIES 
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CAST STEELS 
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A SERIES OF COMMERCIAL and 
experimental steels was studied to 
determine what correlations exist 
between the notched-bar properties 
and other factors such as composi- 
tion, deoxidation practice, heat treat- 
ment, and microstructure in an at- 
tempt to learn more about the com- 
ponent factors of notched-bar prop- 
erties of cast steels. 

Melting and Foundry Practice. 
The steels tested in this investigation 
omprised two groups whose com- 
positions are given in Tables 1 and 
2. The 11 manganese-molybdenum 
steels were made commercially in 
open hearth or electric furnaces and 
received different deoxidation addi- 
tions but were otherwise similar in 
composition. The test samples were 
cast in double-keel test blocks hav- 
ing two coupons 14% in. square and 
l¢ in. long. The coupons were 
burned from the raw castings with 
an oxyacetylene torch. 

The other 18 steels were made in 
a laboratory induction furnace and 
ast in plate molds using a blind 
nser and atmospheric pressure for 
feeding. Figure 1 shows the test 
asting used for these steels. 

Sixteen of the laboratory heats 
were melted in a magnesia crucible 
‘rom a charge of ingot iron and 
errosilicon sufficient to give 0.10 


snenen d at a Steel Session of the 
Fiftieth Annual Meeting, American 
en’s Association, at Cleveland, 
May | 1946. 


Fo indrvt 


per cent at melt down. After a tem- 
perature of 3000°F. was reached, 
the ferro-alloy additions were made, 
and the heat was held 2 min. 

The final deoxidizer was then 
added, and the metal was poured 
into a small ladle. The time be- 
tween deoxidation and casting was 
about one min., and the pouring 
temperature averaged 2965°F. as 
indicated by an optical pyrometer. 
The steel was cast in oil-sand molds 
which had been skin dried with a 
gas flame. 

Two steels (Nos. 1 and 12, Table 
2) exhibited central gas porosity 
when made by the procedure de- 
scribed in the foregoing. The de- 
fects were round, shiny holes and 
bore no similarity to shrinkage cavi- 
ties except for their location. The 
typical appearance and the unsound- 
ness in the silicon-killed steels with 
0.63 per cent manganese is shown 





e Twenty-eight cast steels 
were tested to deter- 
mine their notched-bar be- 
havior at temperatures be- 
tween 80 and — 100° F. The 
data indicated that the 
notched-bar properties 
characteristic of a heat of 
steel were not reflected 
consistently by any other 
property measured. There- 
fore, it appears necessary 
to test each lot of steel 
when low-temperature 
properties are considered 
important, because little 
reliance can be placed on 
generalities correlating 
them with other character- 
istics of materials. 











by the photograph in Fig. 2 at 4X. 

This type of porosity was found 
in castings made in skin-dried oil- 
sand molds and in molds dried for 
6 hr. at 450° F. Five of the six test 
castings made from these composi- 
tions in oil-sand molds exhibited the 
center-line defects. The good casting 
was one of three made with a car- 
bon boil during melting and oil- 
sand molds baked at 450°F. Six 
castings made later in fire clay- 
bonded molds dried at 450° F. for 
4 hr. were sound. The composition 
of the mold mixtures is indicated 
in Table 3. 

Porosity obtained in these castings 
was first attributed to hydrogen in 
the charge, but this theory was dis- 
carded when the carbon boil ef- 
fected no improvement. The fact 
that the change to fire clay-bonded 
molds eliminated the trouble indi- 
cated that the core oil was the source 
of the trouble. 


It seems likely that the core-oil 
residue, remaining after drying, re- 
acted with the steel to form carbon 
monoxide, carbon dioxide, and 
hydrogen. Presumably some of the 
gas dissolved in the steel and later 
formed bubbles near the center 
where it was concentrated by den- 
dritic segregation. 

Similar steels deoxidized with alu- 
minum (Nos. 2 and 13) and cast- 
ing No. 3 with 1.55 per cent man- 
ganese were sound when cast under 
conditions giving porosity in the 
steels discussed in the foregoing. 
Apparently the presence of strong 
deoxidizers or the extra manganese 
was sufficient to prevent gassing in 
these castings. 

Heat Treatment. The manganese- 
molybdenum steels were heat treated 
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were fine grained at t! 
perature. These tests 
the experimental ste 
their grain size and 
characteristics with th: 
practice. 

Standard end-quench 
ity tests were run on t! 
steels using the same 
and schedule employed 
heat treatment. The 
data indicated that st 
and 11 had the highest } 
ity and were fully harder 
the conditions employed. These + 


d medi. 


PLAN VIEW 
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materials were silicon-} 
um-manganese steels. 

Since no stock was 
end-quench tests on the manganes. 
molybdenum steels, their approxi- 
mate hardenabilities were calculated 
according to Grossmann’s method! 
The hardenability data obtained by 
experiment and calculation are given 
in Table 4. 

Metallography. Metallographic 
examinations were made op 
unetched samples of the various 
steels to determine the effect of dif. 
ferences in deoxidation, practice on 
the inclusions. The distributions of 
the sulphides, which were the mos 
numerous and probably the most im. 
portant inclusions, were classified ac- 
cording to the system proposed by 
Sims and Dahle?®. These classifica- 
tions are illustrated by the photo- 
micrographs in Fig. 3. 


Globular Type I sulphide distribu. 
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SECTION ON A-A 


Fig. 1—Sketch of pattern for cast steel test plates. 











in sections 14 in. square and 14 in. 
long. The steels made in the labo- 
ratory were heat treated as plates 
1¥gx6x6' in. All raw castings were 
heated 2 hr. at 1800°F. and air 
cooled before receiving the final heat 


teristics of the steels were evaluated 
in a qualitative way by carburizing 
samples for 8 hr. at 1750° F. 

This temperature was about 
150° F. higher than the actual heat- 
treating temperature and caused 


tion was characteristic of all silicon- 
killed steels including those receiy- 
ing calcium or vanadium addition: 
The sulphide inclusions in the con- 
mercial steels with less than 0!) 
per cent residual titanium were als 


grain growth in some steels which globular. This inclusion distributior 


treatments. The manganese-molyb- 
denum steels were water quenched 
from 1600°F., tempered 5 hr. at 
1240° F., and air cooled. 

Previous experiments had shown 
that this grade of steel was not a 
temper brittle. The laboratory steels We® = Ate ss od 
wean ye 158 0.29 1.00 0.30 0.034 
were tested in both normalized and 9982 0.28 1.01 027 0.040 
drawn and water-quenched and 131 0.29 099 031 0.037 
tempered conditions. The heat-treat- 608 0.29 0.95 0.31 0.033 0.036 0.38 
ing temperatures varied somewhat 1141 0.31 1.05 0.32 0.034 0.034 0.33 0.050 Al. {C2Mnsi 
because of the differences in com- rr 
position. 536 0.29 0.96 0.33 0.033 0.036 0.16 0.089 Al 9" Biron added 


Grain Sine end Mecbiadiiie. 252 0.27 1.00 0.47 0.031 0.030 0.41 0.002 Al Al 
oe ete oe 1261 0.30 1.01 0.30 0.039 0.035 0.34 0.009 Ti 
The austenite grain size developed = ioog 9.98 1.00 0.35 0.035 0.025 040 0.007 Ti Ti 
by the actual heat-treating schedule = 9920.32 0.96 0.30 0.038 0.029 034 — CaMnSi 
was determined for all steels by 1739 0.29 1.00 0.34 0.032 0.030 032 — CaMnSi 


means of an interrupted quench.  *Steels with heat numbers below 700 were made in an electric furnace; the others 
The austenite grain-growth charac- 





Table 1 
CoMPOSITION OF COMMERCIAL STEELS TESTED 





————Composition, per cent— 


P Mo 
0.042 0.42 
0.035 0.40 
0.032 0.38 


Residual —Deoxidation Treatments 
Deoxidizer Deoxidant b. per ton 


0.008 Ti Ti 
0.008 Ti Ti 
0.008 Ti Ti 
0.033 Al Al 


re to m ro ro 
o ww 


re made # 


an acid open hearth furnace. 
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considered to have the 
ful effect on ductility. 


inese sulphide inclusions 


paratively massive and 
the steels containing at 
per cent aluminum or 
ent zirconium. This dis- 


s classified as Type III, 


s with inclusions of this type 


ti 


} ] 


iad good ductility. 
or chain Type II sul- 





phides were found in steels contain- 
aluminum, 
and 


ing small amounts of 


zirconium, or titanium, when 
present, caused embrittlement in 
both tensile and notched-bar tests. 
These three elements act similarly 
in that sufficiently small additions 
which are largely oxidized will give 
Type I sulphides, while slightly 
larger additions form the Type II. 
Zirconium, like aluminum, forms 


Table 2 


COMPOSITION OF EXPERIMENTAL Cast STEELS TESTED 


—— —Deoxidation Treatment 


— —Com position, sal cent(—————_ 1 
Mn Si Special Element Deoxidant b. per ton 
0.62 0.33 0.026 _ Si only 
l 0.66 0.38 0.033 0.053 Al Al 1.5 
I 1.55 0.42 0.036 _ Si only 
1.56 0.42 0.039 0.011 Al Al 0.4 
1.49 0.42 0.037 0.038 Al Al 1.5 
: 1.30 0.39 0.030 0.120 Al Al 4.0 
1.41 0.35 0.033 0.020 Ti Ti 1.0 
1.51 0.44 0.032 0.070 Ti Ti 2.0 
1.59 0.60 0.018 0.16 Ti Ti 5.0 
1.42 0.33 0.036 0.053 Zr Zr ia 
1.37 0.42 0.036 0.080 Zr Zr 3.0 
1.29 0.39 0.040 0.110 V Vv 2.0 
1.45 0.40 0.036 _— Ca 2.0 
8 0.65 0.38 0.030 1.54 Ni Si only 
0.68 0.36 0.041 1.55 Ni, 0.04 Al Al 1.5 
0.65 0.33 0.044 1.55 Cu, 0.02 Al Al LS 
6 1.00 0.97 0.033 1.67 Cu Si only 
9 0.89 0.81 0.035 1.67 Cu, 0.03 Al Al 1.5 


359 





Fig. 2—The 
at the top 
from plates cast in an oil- 
sand mold; 


the bottom 


two sections 
were take 1 
the two al 
from plates 


cast ina fire clay-bonded 


mold. Both steels mere 
made by the same melt- 
ing practice VX 








the more massive Type III sulphides 
when added in excess, as in steel 
No. 9. 

The five commercial steels, which 
contained less than 0.01 per cent 
titanium, had globular Type I sul- 
phides similar to silicon-killed steels. 
The three laboratory steels (6, 7, 
18), on the other hand, containing 
0.02, 0.07, and 0.16 per cent ti- 
tanium, respectively, all had Type II 
chain or film sulphides. It was con- 
cluded, therefore, that the change 
from film sulphides to massive Type 
III sulphides is not produced by ex- 
cess of titanium. 

It appeared that the inclusions 


Table 3 
PROPORTIONS OF INGREDIENTS USED 
IN Mo._p MIxTuRES FOR EXPERI- 
MENTAL CASTINGS 


Mixture— 
Components Oil Sand — Dry Sand 

Glass rock sand, Ib. 80.0 88.0 
Western bentonite, Ib. 0.6 _— 
Silica flour, lb. 7.0 — 
Corn flour, Ib. 1.3 — 
Water, qt. 2 3 
Core oil, qt. » # _ 
Fire clay, lb.. 11.0 








Low TEMPERATURE PROPERTIES 0} 


























Globular sulphides, Type |. Angular sulphides, Type Ill. 























Eutectic or film sulphides, Type II. Eutectic or film sulphides, Type II. 


Fig. 3—Characteristic occurrence of sulphide inclusions in cast steels, classified in three 
types. Unetched. 1000X. 
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singly finer and more 
the titanium content 

photomicrograph in 
he sulphide distribu- 
el with 0.16 per cent 
se inclusions were ex- 
ind were light tan or 
instead of the usual 
hides high in manga- 


that the change in 
color indicated that 
titanium sulphides was 
when evolution analy- 
phur values about half 
‘other steels made with 
elting practice. As would 


exD 1 from the inclusion dis- 
, this steel was brittle in 
echanical tests. The low-carbon 


im used in making the 
ry steels contained about 8.6 
ent aluminum, so this steel (No. 
probably had an appreciable 
resid :al aluminum content. 
In addition to sulphides, the steels 
ntained other inclusions distinctive 
‘ their finishing treatments. All of 
silicon-killed steels, including 
ose treated with calcium com- 
ounds, contained impure silicates. 
\l] of the calcium-treated steels had 
yes” or dark spots in the globular 
iphides, which seems to be a char- 
cteristic effect of this element. The 
ippearance of such sulphides is il- 
lustrated by the photomicrograph in 


Inclusion Types 
Aluminum-killed steels contained 
me small alumina inclusions. The 
ts deoxidized with zirconium con- 
tained random clusters of zirconium 
licates, as shown in Fig. 4. The 
rconium steels were the dirtiest of 


the steels studied. 


Induction furnace steels contained 


more inclusions than the commercial 
materials, probably because of the 
higher pouring temperatures. Steels 


¢b| and 1739 had more inclusions 
other manganese-molyb- 
commercial steels. One of 

pen hearth steels was deoxi- 

ized with titanium and the other 
calcium-manganese-silicon 


All of the steels were examined 
relully in the etched condition at 
magnifications. The micro- 
s of representative steels are 
Figs. 5 and 6. Little differ- 
ted in the amount of free 
the degree of spheroidiza- 





tion of similar steels receiving the 
same quench and draw treatment. 

Some of the steels had a more 
pronounced pattern or network 
caused by segregation of manganese, 
but this had no discernible effect on 
the properties. The photomicro- 
graphs for the normalized and drawn 
condition show that the two best 
medium-manganese steels had a finer 
actual grain size than the others. 
Both steels contained appreciable 
amounts of residual aluminum. 

Titanium steels were equally fine 
grained but had inferior ductility 
and toughness because of the Type 
II inclusion distribution. No con- 
sistent differences were found be- 
tween the microstructures of the 
steels which were embrittled at low 
temperatures and those which were 
relatively unaffected. 

Tensile Tests. Tensile tests were 
made on the induction furnace steels 
in the normalized and drawn, and 
the quenched and tempered condi- 





1h] 





tions The same heat treatments 
were also used for the notched-bar 
samples. Identical heat treatments 
were used on steels of the same 
grade in order to conserve stock and 
time. 

It is realized that the heat treat- 
ments were not ideal for all steels, 
and the comparisons may be unfair 
to certain steels which received un- 
The data 


given in Table 5, obtained on speci- 


favorable heat treatments 


mens taken from the top of the 1%- 
in. plates, show that the steels had 
normal properties for their grade 
and heat treatment. 

Grade “B” 


1.55 per cent nickel or copper had 


steels and those with 


lower strengths than the medium- 
manganese steels in the conditions 
tested. 
con steels were tested at somewhat 


The copper-manganese-sili- 


higher strengths than the other steels, 
but gave good elongation and re- 
duction in area values. 

Ordinarily the steels gave better 





Table 4 


HARDENABILITY DATA FOR EXPERIMENTAL Cast STEELS 


Special End Quench Test Data 
ASTM Element Ideal Rockwell S Hardnes at Distance 
Sample Carbon, Grain or Diameter Indicated, in 
No. per cent Size* Deoxidizer in. Surface A A % v, 
GrapE “B” STEELS 
l 0.27 6 Si 0.80 45 43 37 15 11 
2 0.31 7 +-Al 0.83 45 43 24 12 9 
MeEpIUM-MANGANESE STEELS 
3 0.31 5 Si 1.74 49 48 47 44 38 22 
4 0.31 7 Al 1.54 49 48 46 38 29 18 
5 0.29 9 Al 1.36 48 47 45 29 20 13 
19 0.32 9 Al 1.63 49 48 48 41 33 21 
6 0.30 9 Ti 1.13 49 48 47 34 24 15 
7 0.31 8 Ti 1.32 48 46 44 5 27 18 
18 0.30 9 Ti 1.64 49 48 44 32 23 18 
8 0.31 6 Z1 1.45 48 47 46 40 29 18 
q 0.27 6 Zr 1.35 48 48 47 42 29 17 
10 0.32 7 V 1.53 +8 48 46 34 25 20 
11 0.33 5 (Ca) 1.65 49 49 48 43 37 24 
1.55 PER CENT NICKEL OR CopreER STEELS 
12 0.28 6 Ni+Si 1.40 48 46 44 32 20 12 
13 0.30 8 Ni-+Al 1.47 49 48 45 22 17 10 
15 0.32 8 Cu+Al 1.35 49 48 38 17 17 14 
(CopPpER-MANGANESES-SILICON STEELS 
16 0.16 7 Si 1.61 41 40 38 22 22 15 
17 0.19 8 Al 1.65 41 37 28 14 14 -13 
MANGANESE-MOLYBDENUM STEELS 
158 0.29 5 Ti 2.82 
9982 0.28 5 Ti 2.60 
131 0.29 5 Ti 2.58 
608 0.29 8 Al 2.23 | 
1141 0.31 q Al 2.22 eas 
536 0.29 8 AI-LB 9 58 | Hardenabilities calculated ac- 
959 0.97 8 Al 998 cording to Grossmann’s method’ 
1261 0.30 5 Ti 2.52 
1008 0.28 5 Ti 2.74 
1739 0.29 6 Si 2.28 
1092 0.32 6 Si 2.25 


*ASTM grain size was determined for actual heat-treating schedule 
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ductility values in the quenched and 
tempered condition than they did 
after the other heat treatment. 
There were no consistent differences 
in the tensile properties of the steels 
deoxidized with aluminum and those 
which had been silicon killed. 
Titanium-bearing steels (Nos. 6, 
7, 18) and the steel with 0.05 per 
cent zirconium had the poorest 
ductility of the experimental steels. 
The brittleness of the titanium steels, 
which increased with increasing 
amounts of this element, is attribut- 
ed to the presence of intergranular 
sulphides. Zirconium steel (No. 8) 
had an inordinate oxide inclusion 
content which probably had a dele- 
terious effect. The aluminum-killed 

















Fig. 4—Photomicro- 
graphs showing unusual 
inclusions found in three 
experimental steels. Un- 


etched. 


Top — Fine eutectic sul- 

phides in high-titanium 

(0.16 per cent Ti) steel. 
400X. 


Center—‘Bird’s eye”’ sul- 
phides in calctum-treated 
steel. S5O00X. 


Bottom — Clusters of zir- 

conium oxides and sili- 

cates (0.05 per cent Zr). 
1000X. 




















steel which cor iained film sulphides 
(No. 4) had the poorest ductility of 
the other steels. 

Data for the quenched and drawn 
samples show that the titanium and 
vanadium steels (Nos. 6, 7, 18, 10) 
had considerably higher yield 
strengths and slightly higher ulti- 
mate strengths than the other medi- 
um-manganese steels. The fact that 
a high yield strength-ultimate 
strength ratio was obtained with 
only 0.02 per cent titanium is some- 
what surprising. The high-yield ratio 
is attributed to a fine dispersion of 
titanium or vanadium carbides, be- 
cause aluminum-killed steels of simi- 
lar grain size had normal yield- 
strength ratios. 


The fact that the 
were not obtained in t} 
and drawn specimens s 
effect varies with hea 
Experience on wroug 
steels* confirms this b: 
appears that the effect 
nounced with mangan 
of over one per cent. 

Notched-Bar Tesi 
notched-bar specimens 
at temperatures between 
— 100° F. to determine 
bility of the different st: 
temperature embrittlem: 
samples were cooled 3° F 
testing temperature in a bath of ¢; 
ice and acetone and held 2 oie 
before testing. 

Previous work indicated that thi: 
amount of supercooling compensated 
for the warming-up which occurred 
when the samples were transferred 
to the testing machine. Thre 
more bars were broken at each tes 
temperature, and the reproducibility 
of the values was generally good 
Test values are given in Tables 6 
7, and 8 and, as would be exper ted 
the tougher samples gave a litt 
more scatter. 


Manganese-Molybdenum Steels 

Table 9 gives a comparison of thi 
notched-bar values and other char- 
acteristics of the manganese-molyb- 
denum steels. The materials ar 
listed in increasing order of embrit- 
tlement at low temperatures. Th 
minimum values at various temper- 
atures were used, because they ar 
the safest for comparison. 


The data show that the six steel 
which were made without alumi- 
num were similar in most respects 
except for their low-temperatur 
impact behavior. Three of then 
were the best, and three of then 
were the worst of the series when 
tested at —80°F. The steels wer 
alike in being coarse grained and 
in the Type I distribution of the 
sulphide inclusions. 

All of the steels gave Charpy 
values in excess of 30 ft.-lb. in the 
room temperature tests. The data 
show that these steels varied some- 
what in hardenability, hardness, and 
grain-coarsening tendencies, but that 
none of the variations were consist: 
ently related to their behavior ™ 
notched-bar tests. 

The four aluminum-killed steel: 
gave lower notched-bar values 2 
room temperature than the other 
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Heat* 


eatment 


l hr. at 1625° F., 


De oxidizer, 


per cent 


air cooled, tempered 2 hr. 1200° F. 
at 1575° F., air cooled, tempered 2 hr. 1200° F., 
1 hr. at 1600° F., air cooled, tempered 2 hr. 1000° F., 





Hardness, 
Rockwell 
“Be 


, a Si only 71 
: a 0.05 Al 78 
sit NGANESE STEELS 
b Si only 88 
b 0.01 Al 88 
b 0.04 Al 88 
b 0.15 Al 84 
b 0.02 Ti 89 
b 0.07 Ti 92 
Q b 0.16 Ti 84 
Q b 0.05 Zr 88 
b 0.08 Zr 80 
b 0.11 V 84 
b Ca treated 84 
NICKEL OR CopPrER STEELS 
b Si only 78 
9 b 0.04 Al 80 
1s b 0.02 Al 86 
\MANGANESE-SILICON STEELS 
16 Cc Si only 92 
17 c 0.03 Al 93 
*RADI B” STI ELS 
1 d Si only 77 
9 d 0.05 Al 82 
\fepiumM-MANGANESE STEELS 
} e Si only 89 
4 e 0.01 Al 89 
5 e 0.04 Al 90 
} e 0.15 Al 90 
f e 0.02 Ti 91 
7 e 0.07 Ti 91 
} e 0.16 Ti 90 
4 e 0.05 Zr 88 
Q e 0.08 Zr 89 
e 0.11 V 92 
e Ca treated 91 
cENT NICKEL OR Copper STEELS 
12 © Si only 82 
13 e€ 0.04 Al 85 
15 e 0.02 Al 88 
( ER-MANGANESE-SILICON STEELS 
16 f Si only 98 
17 f 0.03 Al 96 
*Heat Treatment. All raw castings were heated 2 hr. at 





1800° 
air cooled, 
air cooled. 
air cooled. 


Average 
Vee-Notch 


Charpy Value, 
ff lb. 


30.0 
34.0 


21.0 
25.0 
50.0 


23.0 
38.0 


Table 5 


MECHANICAL PROPERTIES OF HEAT TREATED EXPERIMENTAL Cast STEELS 


Elongation 
im 2. tH... 
per cent 


33.0 
25.0 


30.0 
26.5 
31.0 
28.5 
26.5 
25.0 
18.8 
25.5 
25.0 
31.0 


32.0 


-— 
ow 


ND NO PO DO NO PO PO PO PO PO 
ininin ini 


& UII Oe OT 


WS ROD 
-_ wo 
nin 


30.0 


0 
0 


hh 


3. 
3. 


Reduction 


in Area 
cent 


per 


43.8 
60.3 
56.0 


56.0 
50.6 





Strength 
0.2% off 


Yield 


fiset 
pu 


40,250 
+7,500 


65,750 
65,500 
65,500 
59,000 
62,500 
66,000 
64,750 
60,750 
51,000 
55.000 
9.000 


48,500 
50,000 
62,000 


67,500 
66,750 
68,750 
65,750 
76,750 
77,500 
78,750 
67,500 
62,750 
74,500 
69,000 


51,250 
56,750 
63,250 


91,000 
85,750 


F. and air cooled before receiving treatments indicated as follows 


d. 1 hr. at 1625 
e. 1 hr. at 1575° 
f. 1 hr. at 1600 


, water quench, tempered 
F., water quench, tempered 2 
F., water quench, tempered 2 





2 hr. 1250 
2 hr. 1250 


hr. 1000 












Ultumate 
Tensile 
Strength 

ps 





70,500 


75,750 


92,500 
93,250 
91,750 
87,750 
94,750 
96,000 
87,500 
93,000 
80,000 
84,500 
87,000 


78,000 
77,000 
82,250 


93,250 
96,500 


71,750 
79,000 


90,500 
88,750 
88,750 

7,250 
92,250 
93,750 
92,000 
90,750 
87,500 
94,250 
92,500 


78,000 
82,500 
85,000 


118,250 
103,500 


F., air cooled 
F., air cooled 
F , air cooled 































34, 28 
30, 27 
28, 28 
27, 26 





. 3 








. at 1600° F., water 
- at 1240° F., 


9982 131 
41,39 33,32 
40,38 34,32 
35,33 32,32 
34, 34 — 


27, 24 
26, 24 


° F., air cooled. - 
uenched. 


air cooled. 





608 
29, 28 
26, 25 
25, 24 
23, 23 


21, 20 
21, 19 
19, 16 
19, 18 


1141 
Char py 
28, 28, 26 
29, 27, 25 
29, 28, 27 
25, 25, 22 
24, 22, 21 


— 


25, 23, 21 


20, 19, 19 


Table 6 
YHOLE Notcu CuHarpy Impact VALUES OBTAINED ON TEN MANGANESE-MOLYBDENUM STEELS 
THE QUENCHED AND TEMPERED CONDITION, AT TEMPERATURES BETWEEN 75° AND 


—Steel Heat No.————— 
536 


Impact Value, ft.-lb 
26, 25, 24, 23 
27, 26 
24, 24 
26, 26, 26 
26, 24, 22, 19 
24, 24, 20 
23, 22 
22, 20, 17 
20, 13, 12 
19, 19, 18 


treatments were carried out on keel-block coupon 1'4x1'4x14 in. 


2320 


16, 15 
16, 15 
15, 15 
15, 13 
14, 14 


14, 12 


1261 


36, 33 


36, 33 
34, 20 
24, 24 
30, 29 
30, 22 
25, 22 
23, 5,4 





~ 1008 


41, 41, 39, 37 
40, 40 
37, 32 
31, 25 
34, 33 
31, 31 

31, 28, 25, 6 
27, 26 

30, 25, 5,3 

30, 22, 16, 11 


80° F. 


1739 


42, 40 
41, 40 
34, 33 

$8, 33, 29 
37, 7,5 

32, 31, 28, 18 
34, 30 
16, 6,6 
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Steel 114! 0.050 per cent Al Steel 1739 0.340 per cent Si 


Fig. 5—Microstructures of manganese-molybdenum steels (water quenched from 1600° F. 
and tempered at 1240°F.). Steels shown in column at left were not so badly em- 
brittled at low temperatures as those shown in column at right. Nital etch. SO0X. 
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0.02 per cent Ti 


steels, but were not embrittled by 
temperatures down to —80°F. The 
fact that these fine-grained steels 
were inferior in notched-bar prop- 
erties to the others at temperatures 
above —40° F. is contrary to results 
obtained by some other investiga- 
tors***’®, 

Aluminum additions were respon- 
sible for the finer grain size and re- 
sistance to grain growth exhibited by 
these steels. Except for the boron 
steel (No. 536), these materials had 
lower hardenability than the other 
group. Steel 252 was so embrittled 
by film sulphides that decreasing 
temperatures had practically no ef- 
fect on the Charpy values. 

The data showed that the low- 
temperature properties of a heat 
were not reflected consistently by any 
other property measured. The re- 
sults also indicated that different 





Left—Water quenched 
1575° F., tempered 1250° F. 


Fig. 6—Microstructures of me- 
dium-manganese stls. The 
two steels at top in each group 
were least susceptible, and 
those at the bottom were the 
most susceptible to low-tem- 
perature embrittlement of 11 
similar steels tested. Nital etch. 

Left—500X. Right—100X. 


Right — Normalized 1575° F., 
tempered 1200° F. 











melting methods or slight differ- 
ences in microstructures did not con- 
fer any specific effects measured by 
notched-bar tests. 

All of the aluminum-killed steels 
had poorer room-temperature 
Charpy properties than the other 
steels but were quite resistant to 
embrittlement by low temperatures. 
Three of these steels were made in 
an electric furnace and the fourth 
was an open hearth steel. 

Standard keyhole-notch specimens 
were used in testing the commercial 
steels for comparison with results 
available on other steels of this 
grade. During this phase of the in- 
vestigation, some of the materials 
were also tested with other types of 
specimens. Figure 7 shows that tests 
with standard and double-width 
specimens led to the same conclu- 


Silicon killed 
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Table 7 


Vee-Notcu CuHarpy Impact VALUES OBTAINED ON 18 Cast STEELS TESTED IN THI 
NORMALIZED AND DRAWN CONDITION AT TEMPERATURES BETWEEN 75° AND — 100° F. 


Steel Heat —— Testing Temperature, ° F.- 
—20 eal 


No Treatment® 32 —60 —80 


Charpy Seapect Values, ft ‘lb 
GRADE “B” STEELS 

1 a 35, 31, 29,28  20,17,17 8, 8, 6,5 6, 6,5, 4 

2 a 36, 34, 33,32 19,19, 16 12, 12,9 11, 11,8 
MepiuM-MANGANESE STEELS 

3 3, 20, 19 13, 12, 12 6, 5, 4,3 ‘ 3,5 ae 

4 25, 25 16, 15, 14 11, 10,9 , 7,6 5, 5, 5, | , 4, 3,! 4, 3,3 

5 1,49,50 50,48,48 35, 34, 31 24, 23, 23 22, 21,17 1,16,16 14, 14, 13,13 
36 ee 23, 22,19 > d é 10, 9, 9, 7 


-— 


WIN ro 


> > Pr 


19 , 22 
6 21,18, 17 15, 14, 13 10, 9,9 9 8. 5 & 3, 3,2 
7 22,22, 21 16, 15,15 12,11, 11 4 fir 
18 11, 10, 10 10, 9, 8, 7 7,7,7,5 5, 5, 5, : - 
8 29 20, 19, 16 14, 13, 10, 10 . . a ; — 
9 22 13, 13, 12 7 4.3.: , — 
10 , 30 25, 22, 22 eRe. 

11 ,21. 16, 15, 14 12,9, 8 

1.55 PER CENT NICKEL OR CoppER STEELS 

12 b 32,32, 29,29 22,20,19 18,16,15,13 14,14,10,8 11,7,6,5 5,5, 4,4 

13 b 37, 37,32, 28 25, 25, 24 16, 17, 16 16, 12, 12 11, 10, 10 12, 12, 10 

15 b  30,29,25,24 17,17, 16 12, 12, 10 10, 9,8 7, 7,6 11, 11,9 


.] 
ny 


NOK nwo 


~ 


ND 2 RD GS = AD PD 
Ww Of > > 
n> > 


~ 


Ow vu 


NO ND = DO PO 


WS Or 


=~) 
- DO 


. 
nN vo 
hr 
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CoppeER-MANGANESESSILICON STEELS 


16 ¢ 17, 14,14,13 12, 10,9 12, 7,6 8, 8, 6 5, 3,3 3,22 
7 


9 
17 c 30, 30,27  22,18,17 14, 14, 12 13, 11, 11 11, 10,9 8, 8, 


*a. 1 hr. 1625° F. air cooled, tempered 2 hr. 1200° F., air cooled 


*b. 1 hr. 1575° F., air cooled, tempered 2 hr. 1200° F., air cooled. 


*c. 1 hr. 1600° F., air cooled, tempered 2 hr. 1000° F., air cooled. 





Table 8 


VeE-NotcuH CuHarpy Impact VALUES OBTAINED ON 18 Cast STEELS TESTED IN THE 
QuENCHED AND DRAWN CONDITION aT TEMPERATURES BETWEEN 75° AND —100° F. 


Steel Heat — 


Testing Temperature, ° F,— 
No. Treatment 75 32 0 2 —40 


af —60 
. Charpy Impact Values, ft.-lb. 
Grave “B” STEELS 

1 d 26, 26,22,20  16,15,10 11,10,9,5,4 12,10,8,8  3,3,3,2 oa 

2 d  47,41,39,39 24,23,23 16,15,14 14,13,11 11, 11, 11 9,9, 8,7 


MepiuM-MANGANESE STEELS 
3 e 75,60,58  59,49,48  36,33,32  32,32,28 21,19, 18,17 23, 23, 20,16 20, 16, 12,11 
4 ¢ 28,27,24 27,26,25 25,24,20,19 17,17,17  14,12,11 10,10,9,7 9,8,7,7 
5 ¢ 56,55,53 55,50,50 51,48,43,39 46,36,35  33,27,24 22,21, 20,20 18, 18, 16,15 
19 e 51, 46, 29 44, 29, 25 41, 33, 30 25, 23, 19 23, 22,22 21,19,14,13,13 18, 16, 12, 11 
6 ¢ 29,28,22 26,23,22 27,25,24,17 15,13,13  16,12,10,10 8 7,6, 6, 4 
7 e  29,22,20,19 27,21,18  17,17,17 24,23,13,13 11, 10,10 7 6, 5, 5,4 
18 C 10,10,9,9,9 9,9,8 7, 7, 6,6 7, 6, 6,6 5,5, 4,4 ae 
8 c 49, 49,47,44 39, 34, 33 25, 23, 21 20, 20, 17 21, 16, 14,13 17, 16, 16,14 11,11, 11,6 
9 e 46, 38, 38 48, 31, 20 29, 25, 15 21,9,8 6, 6, 6 18, 13,4 12, 4,3 
10 e 25, 25, 20 20, 20, 16 17, 16, 14 21, 14, 14 11, 9,6 6, 5,4 
11 e 5 43, 41, 41 31, 30, 29 35, 37, 26 23, 21, 21 23, 20, 15 18, 16, 12 


1.55 PER CENT NICKEL OR CoprpeErR STEELS 
12 e 32,32, 30,30 22,22,21 20, 20,18, 16 19, 18,13,12 15,13,12,8 13,10, 10,7 6,4 
13 e 36,35,33  31,30,26  26,26,20 20,16,15 14, 13, 13 12, 10,8 
15 e 38, 34, 30 36, 34, 34 21, 20, 20 7, 8% 32 16, 13, 12 5, 4, 4 


CoppER-MANGANESESSILICON STEELS 
16 f 25. 21.24 16, 15, 15 2. tz, i 13, 13, 12 11, 10,7 10,8 
17 f 38, 38 30, 26, 23 20, 20, 19 16, 14, 12 14, 14, 11 14, 12, 11 


Herat TREATMENT 
d. 1 hr. 1625° F., water quench, tempered 2 hr. 1250° F., air cooled. 
e. 1 hr. 1575° F., water quench, tempered 2 hr, 1250° F., air cooled. 
f. 1 hr. 1600° F., water quench tempered 2 hr. 1000° F., air cooled. 
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Table 9 








COMPARISON OF THE LOW-TEMPERATURE NoTCHED-BAR PROPERTIES OF 






MANGANESE-MOLYBDENUM Cast STEELS WITH OTHER CHARACTERISTICS* 


Calculated 
Harder Break tn 

























ability Im pact 
Residual Sulphide Austenite Ideal Minimum Charpy V alues.* Tempera 
Deoxidizer Inclusion Grain Size dustenite Grain-Growth Diameter ft.-lb Other ture 
per cent Type 1600° F. 1750° F Characteristics in I F wl O°! Value Curve 
2 0.008 Ti I 5 las oamcgrainseadily 999 ya i 2) None 
coarsened further 
2 0.008 Ti I 5 5 Coarse grain, not read- 2.60 39 33 27 23 Non 
995 0.008 Ti I 5 5 ily coarsened further. 2.58 3 32 29 23 Non 
212 Si I 6 5 2.25 32 28 24 = 22 None 
189 0.033 Al III 8 7 2.23 26 24 21 16 None 
‘ 919 0.050 Al Ill 9 9 Fine grain, not readily 9.99 95 97 91 19 None 
coarsened. ) 
12 0.089 Al III 8 8 2.58 23 93 20 18 nt 70° F 
{ 
95 0.002 Al II 8 7 2.28 15 15 14 11 None 
195 0.009 Ti I 5 1&5 Coarse grain readily 2.52 33 32 ss«29 4 70° I 
12 0.007 Ti I 5 3 coarsened further 2.74 57 32 31 3 50° I 
: ’ 7 Fine grain, readily 
195 Si I 6 | 2.28 37 33 5 { 40° F 






coarsened further. 











ere of closely similar composition and were water quenched from 1600° F. and tempered at 1240° F 
on standard keyhole-notch Charpy specimens 
ocks from this heat exhibited pinhole porosity 


S also contained boron. 


















it the properties of steel that the keyhole-notched specimens ture than keyhole specimens, and 


















\ gave reasonable agreement in all equally small values for brittle frac- 
Both types of samples showed a cases, and the Vee-notched samples ture. 
rly uniform drop in test values of the carbon steel also gave good It was concluded, therefore, that 
etween 32°F. and —20°F., and checks. Data for all types of speci- the Vee-notched specimens were 
nsiderable scatter at lower tem- mens show that the toughness of preferable, because they gave a wider 
ratures. Although duplicate stand- both steels decreased gradually with range in values. It seemed desirable 
rd specimens gave good checks at decreasing temperature and that the to test a larger number of specimens 
F. and —40°F., a variation carbon steel was inferior to the other when studying the laboratory steels 
iid have been encountered if material. The great variation in because of the likelihood of encoun- 
ore specimens had been tested. values for Vee-notched bars of the tering greater scatter with the Vee- 
Plots in Fig. 8 give the data for manganese-molybdenum steel may notched specimens. 
evhole and Vee-notched bars of indicate that it is more sensitive to Table 11 gives a comparison of 
Nos. 1092 and 1141. The unintentional variations in speci- the minimum Charpy values of the 
for the keyhole specimens de- men or test conditions. laboratory steels and lists the other 
sed uniformly from 30 ft.-Ib. at characteristics of the materials: The 





im h Rg ae 
Specimen Shapes steels are grouped on the basis of 





temperature to about 18 ft.- 









at —80° F. The drop was about Work on specimens of different chemical composition instead of re- 
ne-third of the room-temperature shapes indicated that tests with sistance to embrittlement because 
lue for both steels. Values for the either of the standard-width Charpy several grades are represented. 
Vee-notch specimens started at a specimens would give the same in- None of the laboratory steels was 
higher level for room temperature formation concerning low-tempera- as tough at low temperatures as the 
nd decreased about one-half to the ture embrittlement. In most of the commercial steels containing molyb- 
level as the keyhole specimens tests, the Vee-notched bars gave denum. However, the room-temper- 
F. These data also show higher test values at room tempera- ature values were normal for the 






either steel was temper brittle 
at treated as a keel block 
square. 

[ests were also made on two 
‘rought steels to determine the ef- 
specimen dimensions on 
tched-bar properties. These steels 














Table 10 





MECHANICAL PROPERTIES AND COMPOSITION OF Two WrouGHT 
STEELS Usep For Stupy oF EFFEcT oF SPECIMEN SHAPE ON 
Cuarpy NotrcuHep-BarR VALUES 











were similar . Ss : ™ ——Mechanical Properties*—— — 

ir to cast steels in — T/ltimate Yield Strength, Elongation 

t but were forged and rolled Steel Strength, psi. ia fia., _Brincll Composition, per cent 

I; f = ee? " No. pa. (0.2% offset) percent Hardness ( Mn Mo Si Ss 
(2th. PEGS 2Or COnVEENERCS SS. 16009 «|. 94.008 74,250 27.5 185 0.28 0.90 0.30 0.35 0.035 
obtaining a large number of speci- 10491 78,000 47,750 36.0 158 0.27 0.67 0.40 0.037 
mens. The co sitions, hez . _ 

or tes tons heat treat *Values are average of two tests on 2.00x0.500x0.500-in. gage-length specimens 






ment d tensile properties of the Steel 10490 was heated 2 hr. at 1600° F., water quenched, terapered 5 hr. at 1240° F., and air 
‘ —_— ° . cooled. 

‘wo erials are given in Table Steel 10491 was heated 2 hr. at 1650° F., and air cooled 

‘0. The data in Figs. 9 and 10 show . 
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Table 11 
COMPARISON OF THE LOW-TEMPERATURE NoTCHED-BAR PROPERTIES OF 
Various EXPERIMENTAL STEELS MADE WITH DIFFERENT DEOXIDATION 


PRACTICE AND TESTED IN Two Conpb!ITIONS OF HEAT TREATMENT 


Harden- —Minimum Charpy Va 
abilit Quenched 


Hardness, Residual Sulphide Austenite : ; Ide and Drawn, 
Casting Rockwell “B” Deoxidizer, Inclusion ———Grain _. —_ Austenite Grain-Growth Diameter, ——° F 


No. N.,D. Q.,D.* percent Type  1600° F. 1750° F. Characteristics in. 75 
Grave “B” STEELS 
1 71 77 Si I Fine, readily coarsened. 0.80 20 
; Fine, less readily 
2 78 82 0.053 Al III S enema. 0.83 39 
MeprtuM-MANGANESE STEELS 
3 88 89 Si 


4 88 89 0.011 Al 
5 88 90 0.038 Al 
19 84 90 0.150 Al 
6 89 91 0.020 Ti 
7 92 91 0.070 Ti 
18 84 90 0.160 Ti 
8 88 88 0.053 Zr 
9 80 89 0.080 Zr 
10 84 92 0.11 V 
11 84 91 Ca added 5 
1.55 pER CENT NICKEL oR Copper STEELS 
12 78 82 Si I 6 $ Fine, readily coarsened. 
13 80 85 0.04 Al III 8 7 Fine, resistant to 
15 86 88 0.02 Al III 8 7 coarsening. 
PRECIPITATION HARDENED, CorpPpER-MANGANESE-SILICON STEELS 
16 92 98 Si I 7 3-4 Fine, readily coarsened. 


Fine, resistant to 
coarsening. 


Coarse, readily 1.74 
coarsened. 

1.54 

1.36 

Fine, resistant to 1.63 

coarsening. 1.13 

1.32 

1.64 

1.45 

1.35 

-4 Fine, readily coarsened. 1.53 

Coarse, readily 

coarsened. 


Fine, readily coarsened. 


17 93 86 0.02 Al III 8 8 


Nore: Tests made on standard vee-notch Charpy specimens. 
*N., D.—Normalized and drawn. 
*Q., D.—Quenched and drawn. 








different grades and comparable to 
results obtained on _ keel-block 
samples. 

Quenching usually produced bet- a 
ter notched-bar properties at room 
temperature than the normalizing 
treatment. The superiority of the 
quenched and drawn samples was 
more pronounced at lower testing 
temperatures. The aluminum-treated 
steels usually were tougher at low 
temperatures than their silicon-killed 
comparison steels, although they 
were not always superior at room 
temperature. 

Aluminum-killed steels Nos. 5 and 
19 were almost as good in the nor- 
malized and drawn condition as they 
were as quenched and drawn. These 
two medium-manganese steels had HEAT TREATMENT 
the best low-temperature properties . = ll 
of all the laboratory steels. Steel No. 2HR.-1240°F AC 
4 with a smaller residual aluminum — 
content was poorer, because it was a 
embrittled by film sulphides. The $ -— =20 3 
silicon-killed steels Nos. 3 and 11 

: TEST TEMPERATURE - DEG. F 
were tough at low temperatures in 
the quenched and drawn condition 
but brittle as normalized and drawn. 


° 








“*—— DOUBLE WIDTH SPECIMENS 











CS _ 
SINGLE WIDTH SPECIMENS 


| 


T 
HEAT 1008 
' 
(ACID OPEN HEARTH) 








CHARPY IMPACT STRENGTH -FT. LBS. 


DEOX. 2 LB/TON - TITANIUM | : 
































7—Low-temperature notched-bar impact strength (Charp) 
single and double width specimens.) 
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. Low-temperature | , ] ae meee ome a —_ 
perties of a quenched 140 | DOUBLE-wiOTH spEciMENS % : | 
’ ‘ 
manganese-molybde- } = 
20 4 4 . + P 
lled steel. 
or may have been Te- a ia : > 
greater hardenability, ..|-¢ 1 | | Joy | | i | | >] | | | | | 
. . » i“ | 
other data indicated z ae ee i 
betwee his fact 2 +0} —° —+—— ++ Se ee | a a oe ee | 145° VEE-WOTCH speCmENS | 
- ip between this factor : | wevwoct-norem specimens = 
al perature notched-bar SS ee ae ee ee ee oe ee ee ee — + 
nd I : | } ! | | | | 
| _e =C - w | | | 
ont Che effect of heat treat S. Rte SReeaweak 
toughness of zirconium . +1 
° . > — 
‘ ] was § « Oo T TT T + , ——$——4-_—_—y SS a 
eel N wa similar to that n $00 : , Teac wo Wabiowind ‘1 
he sill killed steels, although it z ig 
. , ° ese 80 + ; + + + + + + + + > —— + + 3 a -' 4 
id not have a high hardenability. ha j . - 
° 7 
Notched-bar properties of the 60 =e | t-—ft——t —- 4+ t+ +--+ —_ 
y th 1.55 ve = es oe eo | | 
els with 1.55 per cent nickel or me me oes eee ‘ | 
pper were not so good as those ? : i a oe oe | - 7 § — 
the better medium-manganese E———— se ee oy Ge ae ee ee sk ee 
teels. In the quenched and drawn a ™ _ ee oe oe ; 
‘ ° @0 -60 -40 -20 0 20 40 2 4 2 3 0 Tr a a ) 
dit the copper steel was as re- TF TEMPERATURE - OFePrrs © 
4 sistant to low-temperature embrittle- 
' 6 : 
‘ ment as the nickel steel and nearly fe ee ees | | | 
s good when normalized and drawn. 50 — } we = 
_ . ° . ' | | | 
Precipitation-hardened steel deoxi- KEYHOLE-WOTCH | | = = 
; . 40h IMENS| 4 — +———_— _ 
dized with aluminum (No. 17) had eer |x | aeoe whe wt ume 
. . | i | 
Charpy properties equivalent to the oi all +— = | | 
nickel steels, although it had a much : | 
° ~ 
higher tensile strength. The Grade : a | 
— 
“B” steels were the poorest of the , |. 
materials tested. 5 
+ . =< 
Fractures of Notched-Bar Speci- > 0 
> 
mens. When notched bar impact & 
° . 3x0 
= specimens break with a completely 3 
brittle fracture, they show no defor- ~~ oo | 
| mation, and the fracture surfaces l 
ften have a crystalline texture. er | 
Tough specimens undergo consider- ‘ | ’ 
. : : =60 -40 -20 
. ible plastic deformation before rup- a Se ee ” 
: } e TEST TEMPERATURE ~ DEGREES F 
ture and often show a fibrous frac- 
ture Fig. 9 (above )—Low-temperature notched-bar properties of a normalized, 





Fractures with a crystalline area 
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medium-carbon rolled steel. 


TYPE I SULPHIDES 


TON 










in the center surrounded by mate- 
rial which deformed before rupture 
are often observed in the so-called 
transition zone between ductile and 
brittle fracture’. These facts have 
led some investigators to conclude 
that the appearance of the fracture 
is as important as the energy values 
in interpreting the results of notched- 
bar impact tests. 

In this investigation, the appear- 
ance of fractures of the test bars was 
noted, and photographs were taken 


Fig. 8—Low-temperature notched- 
bar properties of two manganese- 
molybdenum cast steels in the 
quenched and tempered condition. 
Solid points represent bars furnace 
cooled from 1240°F. draw; open 
points represent air-cooled samples. 
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Double width Vee- 
notch, 2-mm. 
depth. 


Double width key- 
hole notch, 5-mm. 
depth. 


Standard Vee-notch, 
2-mm. depth. 


Nonstandard key- 
hole notch, 2-mm. 
depth. 


Nonstandard Vee- 
notch, 5-mm. 
depth. 


Standard keyhole 
notch, 5-mm. 
depth. 








40° —_ 


Test temperature, ° F. 


Fig. 1l—Appearance of notched-bar fractures for different kinds of specim 
rolled manganese-molybdenum steel (10490) in the quenched and tempered 
Actual size. 
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Double width Vee- 
notch, 2-mm. 


depth. 


Double width key- 
hole notch, 5-mm. 
depth. 


Standard Vee-notch, 
2-mm. depth. 


Nonstandard key- 
hole notch, 2-mm. 
depth. 


Nonstandard Vee- 
notch, 5-mm. 
depth. 


Standard keyhole 
notch, 5-mm. 
depth. 





Test temperature, ° F. 


Appearance of notched-bar fractures for different kinds of specimens from a 
led medium-carbon steel (10491) in the normalized condition. Actual size. 
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rupture occurred with 
tion varied wtih the sp 
The temperature « 
brittle failure varied 
60° F. for this stee! 
upon the shape of the s; n 
Figure 13 shows that cI 
line fracture appeared 
1008 at O° F. in the d 


Table 12 

Hicuest TEMPERATURES AT Wuicu NorcHep-Bar FRACTURES 

S1oWwED CRYSTALLINE TEXTURES OR No ApPRECIABLE DEFORMA- 
TION AND THE CORRESPONDING CHARPY VALUES 


Deformation 
Characteristic 


Start of Crystalline 
Steel and Fracture 
l reatment* Temp., F. ft.-lb. 


STANDARD CuHARPY KEYHOLE SPECIMENS 
536Q None nd, specimens and at —I( 
131Q 50 2 ; ae es 

1261Q 30 24}Deformed at —80 standard ke yhole sample 
104900 40 93 all of the specimens showed 
2520 80 12 
1008Q 10 32 No deformation at 70 
10491N -75 28 No deformation at 60 


STANDARD CHuarpey VEE-NotcH SPECIMENS 
5Q 35 Deformed at 100 
5A 48 No deformation at 
11Q 26 |) 
8Q 

104900 
30 
13Q 
10Q 
6Q 
7Q 
4Q 
17Q 
16Q 
13A 
9Q 
7A 
15A 
2Q 
2A 

10491N 
17A 
6A 
8A 
10A 
LIA 
4A 
9A 
3A at : 

16A ' 13) 
1A + 7! 28} No deformation at 0 
iW +7! 20 | 

DousLe-WiptH KEYHOLE SPECIMENS 

10490Q 60 55 Deformed at —80 

1008Q 0 62 No deformation at —60 
10491N +-75 51 No deformation at —20 


DouBLE-WiptuH VEE-NotcH SPECIMENS 


10490Q 20 60 Deformed at —80 41 
10491N +75 36 No deformation at 0 8 


Vstal.- 
eel No 
-width 
In the 


LOwever 


Temp . F 


some 
deformation in tests at oF 
Data in Table 12 summarize thy 
observations on the temperatures a 
which crystalline patches, and com. 
pletely brittle fractures first \ppeared 
in notched-bar tests on various steels 
It is apparent that crystalline tex. 
tures were found in samples which 
gave widely different test values 
Temperatures at which the crys. 
talline patches appeared in a steel 
bore no relationship to the tempera- 
ture at which the steel failed with- 
out appreciable deformation. The 
data also show that all of the samples 
which broke without appreciable 
plastic deformation, gave test values 
of 12 ft.-lb. or less. It is believed 
that much of the energy required 
for rupture of the specimens which 
broke with a brittle fracture was ab- 
sorbed by elastic deformation and in 
knocking the pieces from the anvil 


a) 


_— 


7| 
19} No deformation at - 


28 | 
33 | 
27 | 
13 No deformation z 
10} 
19 | 
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oe 
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aig. 
12 | No deformation a 
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Conclusions 

1. Susceptibility to low-tempera- 
ture embrittlement of steels of the 
same grade was not consistently re- 
lated to differences in melting prac- 
tice, deoxidation treatment, inclu- 
sion distribution, grain size, or grain- 
growth characteristics. The slight 
variations found in hardenability and 
microstructure of similar steels were 
without apparent effect on the 
notched-bar properties. 

2. Relative resistance of various 
steels to low-temperature embrittle- 
ment bore no relationship to their 
room-temperature tensile or notched- 


= 


8 
4 
1 
9 
8 
8 
6 
6 
5 
2 
1 
5 
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svt 


*Heat Treatment. Q—Quenched and tempered; A—Normalized and tempered; N—Normalized. 





for record purposes. The photo- 
graphs in Figs. 11 and 12 show the 
appearance of the fractures of two 
steels which were tested at various 
temperatures with six kinds of speci- 
mens. 

Figure 11 shows that the crystal- 
line texture appeared at 32°, —20°, 
—40°, and —60°F., depending 
upon the shape of the specimen, al- 
though all samples deformed consid- 
erably at —80°F., the lowest test 
temperature employed. The stand- 


ard Vee-notch specimens, which 
showed a crystalline area at 32°F., 
deformed considerably more at 
—80° F. than the double-width Vee- 
notched and the 5 mm. Vee-notched 
bars which did not show the crystal- 
line fractures at temperatures above 
— 20° F. 

Fracture appearance of another 
steel is shown in Fig. 12. All six 
types of specimens gave crystalline 
fractures at room temperature, al- 
though the temperature at which 


bar properties. 

3. Quenching usually developed 
better notched-bar properties than 
normalizing before drawing to the 
same strength level. The aluminum- 
killed steels, which were tough as 
normalized, did not evidence this 
response to heat treatment 

4. Fine-grained steels olten gave 
poorer Charpy values at room tent 
perature than coarse-grained stee's 

5. In general, the aluminum 
killed steels showed less rittle- 
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Appearance of fractures of notched-bar impact specimens of Steel 1008 tested 
at various temperatures. Actual size. 











ment by low temperatures than simi- 
lar materials deoxidized with other 
elements. 

6. Film sulphide, Type II, inclu- 
sions produced poor ductility and 
Charpy properties at room tempera- 
ture, but the embrittlement was less 
noticeable at low temperatures. 

7. Steels containing less than 0.01 
per cent titanium had globular Type 
I sulphides; those containing 0.02, 
0.07, and 0.16 per cent titanium con- 
tained chain or film Type II sul- 
phide inclusions. The undesirable 
eutectic sulphides persisted in steels 
containing much higher titanium 
than those usually em- 
ployed. It appears, therefore, that 
the action of excess titanium on sul- 
phide distribution is different than 
the action of aluminum of zirco- 
nium. 

8. In the steels studied, copper 
seemed to be as beneficial as nickel 
in conferring resistance to low-tem- 
perature embrittlement. The results 
on medium-manganese and Grade 
“B” steels suggested that manganese 
also improved low-temperature 
toughness. 


contents 


9. Porosity encountered in some 
castings was attributed to gases 
picked up from core-sand molds. 
Higher manganese contents, or addi- 
tions of strong deoxidizers were suf- 
ficient to prevent the center-line gas 
porosity. 
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DISCUSSION 


Chairman: J. W. JupPENLATZz, Lebanon 
Steel Foundry, Lebanon, Pa. 

Co-Chairman: J. B. Catne, Sawbrook 
Steel Castings Co., Lockland, Ohio. 

CHAIRMAN JUPPENLATZ: What size of 
specimen did you use prior to heat treat- 
ment? 

Mr. Boutcer: One and one-half inch 
square bars were cut from keel blocks 
in the case of the commercial steels. The 
laboratory steels were treated as cast 
plates, 1x6x6 in., examined for sound- 
ness, and heat-treated without being cut 
into smaller sections. 

CHAIRMAN JUPPENLATZ: Would it be 
possible to obtain more martensite in one 
than in the other? 

Mr. Boutcer: Yes. 

C. W. Briccs’: What should be the 
proper residual aluminum content in 
order to obtain maximum properties? 

Mr Boutcer: We have been investi- 
gating how the type of sulfide varies 
with manganese content and other ele- 
ments, instead of depending exactly on 
the residual aluminum. For satisfactory 
distribution of the sulfides, the aluminum 
should be in excess of about 0.012 per 
cent. If you are using zirconium, you 
should use enough to get 0.03 per cent 
of zirconium (total). 

Mr. Bricos: Is there an upper limit? 

Mr. Bouncer: As far as we know, not 
as far as inclusions are concerned. 

C. E. Sims’: There probably is an 
upper limit, but for round numbers, 
about 0.02 per cent residual aluminum in 
Grade B steel is the minimum. Up to 
0.15 per cent residual aluminum does not 
seem to affect the properties to any 
marked extent. Probably no one would 
add enough to give more than 0.15 
per cent. 

J. A. Bowers*: We occasionaily run 
into trouble, having the residual alumi- 
num over 0.12 per cent. 

CHAIRMAN JUPPENLATZ: Does that 
apply to low temperature or room tem- 
perature impact tests? 

Mr. Bowers: It applies to room tem- 
perature tests. 

Dr. C. H. Lorict: What was the car- 
bon content? Was it Grade B steel? 


Not all 
with 


Mr. Bowers: 
our trouble was 
steel. 

MEMBER: Were the ir 
given the heat tre 
cases for all steels? 

Mr. Boutcer: No. 
upon the grade of steel. W 
manganese-molybdenum st 
all tested under the sam: 
heat treatment. 

MemMBER: We found so: 
fied have a minimum 
Charpy at 100° C., and by 
heat treatment a little bit 
raised from two or three ft 
over 30 ft.-lb., and still b 
limits of commercial heat-t: 
and be entirely satisfactorn 
wondering whether you hav 
thing like that. I did not noti 
here that indicated a transiti: 
high to the low impact. Wer 
within relatively straight ling 


same 


Mr. BoutceEr: We did not find 
tions on some steel we had, and o; 
we did. Between room temperatur 


—100° C., very often we did 
counter any sharp transition tem 


erat 


MEMBER: You are limiting vourse] 


the 0.30 carbon steel? 
Mr. Boutcer: Yes. 


CHAIRMAN JUPPENLATZ: It was met 
tioned that a slight change in heat treat 


ment caused improvement. 
be explained in more detail. 


That should 


Memser: We had a specification sp: 
fying a normalizing from 1650° F 


1200° F. By 


a draw at 


cutting ti 


normalizing temperature by 50° F., and 
dropping the draw by the same amount 
we changed it from the very low impact 


up to the high level, which is 
ten times as high. 
CHAIRMAN JUPPENLATZ: 


p 


robal 


Did you h iV 


higher initial room temperature prope! 
ties or higher low temperature properties 
MemsBer: We had higher low tempera 


ture properties. 


It definitely brings 


from the zone of the low impact up t 


the zone of high impact. 
CHAIRMAN JUPPENLATZ: 


Enough 


get you over the 15 ft.-Ib. requirements 


Memser: Oh, definitely. | 


think any of them ran less than al 


26 ft.-lb. 


do not 


1 
Do 


CHAIRMAN JUPPENLATZ: Was that 


wrought or cast? 
MemMBER: Wrought. 
CHAIRMAN JUPPENLATZ: 


Probab! 


what you were doing there was changing 
the structural characteristics of that ma 


terial, approaching a better 


st 


somewhat analogous to a mild qu 
Memser: The structure does ! 


to determine it. There must 


change, otherwise we would n¢ 
enormous change at that low 
ture. 

CHAIRMAN JuPPENLATZ: In | 
every case, if specimens are 
quenched, (there hardenabilit 
picture), the temperature di 
the transition point from a 
brittle failure. 

Dr. Lorie: In steels of hig! 
ability, it is possible to quenc! 
per and thus avoid a seri 
notched-bar impact resistan: 


be 
t get the 


ructure, 


ench 


some 


tempera 


—_* 
racticall 


_ 
rasticall 


ters the 
for 


ses I 


tO a 


arden- 
d tem- 
rop in 





W. BovuLGER 


ded, of course, the 
red martensite. It was 
the paper, but it is a 
it the structural char- 
steel have an important 
nperature notched-bar 


If I understood cor- 
ited that there was no 
the inipact level and 
deformed metal in the 
correct ? 
That is not exactly 
d that when there was 
ill the values were be- 


I thought you had a 
the relation between the 
one in the fracture and 


the impact level, which indicated there 
was no correlation between these two 
factors. Did I misunderstand? 

Mr. Boutcer: The chart showed the 
lack of relationship between the tempera- 
ture at which we first got this crystalline 
texture and the temperature at which 
the sample ceased to give any deforma- 
tion 

In sample “5A,” for example, the 
brittle texture—that is the crystalline in- 
stead of fibrous fracture texture 
peared at 32°F., 
showed deformation at 


first ap- 
but the sample still 
80° F. There 
was no relationship between the texture 
and the amount of deformation 

Mr. Sims: The amount of deforma- 
tion and the ft-lb. value did correlate 
The amount of deformation and the ap- 


pearance of the fracture did not cdr 
relate; that is, we sometimes had a crys 
talline type of fracture when we obtained 
a considerable amount of deformation 
We came to the conclusion that, except 
for the inertia of the specimen, all of 
the energy absorbed is in deformation of 
the specimen, and unless you get defor 
mation, there is no energy absorbed 
MemsBer: When we want any appara- 
tus to operate at lower than 100° C 
148° F.), we adhere to the 18-8 
austenitic chrome-nickel stainless steel 


about 


1Steel Founders’ Society of America, Cleveland 
2 Battelle Memorial Institute, Columbus, Ohio 
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UPGRADING LEARNERS 


& One of the most satisfactory ways to obtain skilled finish- 
ers, core-setters and journeymen molders is for the fore- 
man to carry out the responsibilities he has in upgrading and 
promoting his personnel. The foreman must be able to ap- 
praise personnel under his supervision and select, train and 
upgrade those in whom he sees possibilities. 





M. J. Gregory 
Formerly Works Manager, 
Foundry Div. 


Caterpillar Tractor Co. 
Peoria, Ill. 


ONE OF THE most 
ways to obtain skilled finishers, core- 
setters and journeymen molders is 
for the foreman to carry out the re- 
sponsibilities he has in upgrading 
and promoting his personnel. Often 
times his first task is to educate the 
Employment Department at the 
plant because too often this depart 
ment neglects to select carefully per- 
sonnel to work in the foundry. 

The idea often prevails that any- 
one is capable of working in a 
foundry. A good man is placed in 
the Machine Shop or elsewhere. 
The foundry industry requires per- 
sonnel with just as high an intellect, 
perhaps even more, than the Ma- 
chine Shop. 

The foundry must have careful 
selection of personnel in the begin- 
ning if the foreman is to have good 
material to work with. After care- 
ful selection, the foreman must be 
able to appraise personnel under 


satisfactory 


his supervision and select those in 
whom he visions possibilities and 
potentialities. 


Daily Instruction 

Then through a system of daily 
contact and instruction, the foreman 
can call to the attention of his per- 
sonnel the methods, technical oper- 
ations and processes which are in- 
herent in the job immediately ahead 
or the next job to which it may be 
possible to promote a specific man. 

For example, let us consider a 


man who comes into the foundry 
and is given the job of unloading 
core ovens, i.e., taking the racks 
from the oven, taking the cores out 
of the driers, placing the cores in 
position for the cleaners and dippers 
and taking the empty driers back to 
the coremaker for re-use. It takes 
but little instruction from the fore- 
man to point out to a man how 
cores are used, how they are made, 
why different cores consist of differ- 
ent sand mixtures and why they are 
made in different ways. 

‘There are numerous opportunities 
for the foreman to call to the man’s 
attention various operations neces- 
sary for cleaning, dipping, drying, 
and final assembling of cores. With 
constant daily contact by the fore- 
man, the man becomes familiar with 
these various operations. Should an 
opportunity present itself, this man 
would be qualified for promotion to 
a job as a beginning core assembler. 


Advanced Assignments 

It then is a small step for this man 
to advance to more complicated core 
assembly assignments under similar 
instruction and supervision he had 
before. Through all these processes 
he becomes cognizant of all the op- 
erations that are required in the 
making of cores. He can easily com- 
prehend why some cores require 
more cleaning before assembly than 
others because of work done imper- 
fectly in core making. Let us sup- 
pose a need develops for a core- 
maker, for example, to make simple 


Presented at an Apprentice Training 
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cores from a dump box o1 
or the more simple cores 
blower. 

This man is ready to assume sy 
responsibility because he already h; 
the background acquired in upgra¢ 
ing processes which give him ¢} 
necessary knowledge to start 
coremaker. 

He has become conscious 
processes and the reasons fo 
It now becomes only a 
time and constant practic: 
able this man to develop th 
sary skill which will mak 
first class coremaker. 


Developing Ability 

It may be true that if a man \ 
kept on one particular job of | 
making where it was necessary 
him only to make a few cores of t! 
same nature over a long period 
time that he would never develo 
that necessary skill which would 
make him an all-around coremaket 

But in the norma! cours 
events, different core boxes whic! 
require different techniques to mak 
are given to him. In this way he 
soon acquires experience necessa! 
for developing all-around ability 

As another example, let us 
in the Molding Department wit! 
man who comes in as a manual 
laborer requiring no skills. He slow! 
becomes familiar with fou 
erations by observation. 

In a short time he may 
a job as a molding su) mal 
Here he will be required ‘(o bring 
supplies such as chaplets. gagger 
sand, etc., to the molders. In this 
job he becomes increasing! ‘amiliar 
with the operations of mo!ding be 
cause he is closer to it. 


tar 





is. and why 


the difference 
cae 


ne 


{ 


the 
why 


familiar with 


ind how and 


so that he is soon 
ivanced as helper toa 


er. Here he 


ri yider, 


shovels 
gagvers, 
machine, 


sets 
on the 
the jolt levers or the 


becomes familiar with 


yues and all the oper 


d in machine molding. 
the 
Its it takes to ram the 


familiar with 
it is neces- 
them as hard as he is 
He becomes familia 
erties of molding sand 
between 


He 


the core prints in the 


sand becomes 


lves and the reason for 


and use. 


rves cores set by someone 


after he has become 


familiar with all the op- 


machine molding he is 
that of 


erations of 
advanced from helper to 
machine molder 

His experience is further increased 
by the variety of patterns from 
which he is able to pass on to the 
finisher and 


next grade of skill as 


core-setter. Having become familiar 
with many of the operations at the 
machine molding stations, he soon 
develops into a skilled finisher and 
core-setter. 


We 


specific examples of how it is pos 


have only mentioned two 


sible to train rapidly new people 


from unskilled through semi-skilled 
to skilled workmen 


on the 


It is depe ndent 


constant imstruction and 
ability of the foreman in charge 
This has the 


ol producing a skilled worker in a 


method advantage 


phase of operations much sooner 
than through the regular apprentic« 
We the 


nounced ability of some people and 


course. recognize pro- 


are able to advance them through 


the various stations at a much highe1 
In the 


prentice training program a definite 


rate than others regular ap 
time must elapse before the man has 
completed his training. It is, how- 
true that 


interested in a particular develop- 


ever, In this case we are 


ment of a person for a certain 
skilled job; whereas in the regular 
Apprentice Training, which requires 
four years in our shop, we are in- 
terested in making an all-around 
foundryman from the trainee. 

In any training program the fore- 
man is the key man. If the foreman 
is interested only in having a man 
fill a particular job at the moment 
you can not expect that man to ad 
if the 


interested in improving his person- 


vance. However, foreman Is 
nel and thus his department, he will 
do a good job in both training sys- 
tems and neither will result in a 
better finished product than the fore- 
man who has been instrumental in 


instructing his personne] 





SUGGESTED CUPOLA 
REFRACTORY STANDARDIZATION 


Robert P. Stevens 
Chicago Retort & Fire Brick Co. 
Chicago, Ill. 





A GENERAL CONFERENCE of pro- 
ducers and users of cupola refrac- 
tories was called in May, 1932, in 
conjunction with the U. S. Depart- 
ment of Commerce. At this confer- 
ence a simplified practice recom- 
mendation covering sizes of cupola 
block, tap-hole and slag-hole blocks, 
was drafted. The original accept- 
ance of this recommendation in 1934 
1938. This 
recommendation is_ identified as 
R-154-38. The majority of those 
concerned, users and producers of 
subscribed _ to 


was later modified in 


cupola refractories, 
these recommendations. 

Standard cupola block sizes for 
6. 9 and 4'%-in. thicknesses were 
tabulated. Five sizes of two-hole tap- 
out blocks, 9x4%4.x2™% in. with 
holes ranging from % to 1'%-in. 
diameter in 4 in. increments, were 
accepted as standard. Similar five 
sizes of one-hole tap-out blocks, also 
9x 414, x 2% in. with single holes of 
same size and increment, were also 
accepted. Two sizes only of slag- 
hole blocks, 9 x 9 x 41%4-in. thick simi- 
lar to the “F” calliau block were 
adopted having a 1% or 2-in. hole 
centered. 

It is the author’s belief that with 
improved methods and control of 
charging, the foundryman will soon 
realize that control of the melting 
rate in terms of pig, scrap and coke 
charged per unit time is preferable 
to variable stop-offs or “bottings” of 
the cupola breast. Front slagging, 
continuous pouring cupola operation 
follows in this direction. 


Presented at a Refractories Session of 
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Use of odd shapes and sizes 

of cupola refractory blocks 
is uneconomical from the pro- 
curement standpoint. Also, dif- 
ficulties in cupola relining can be 
expected if improper sizes of 
cupola block are used. Stand- 
ardization of sizes and shapes 
of cupola refractories is a step 
in the right direction. 





The minimum of molten iron held 
in the wall results in more uniform 
carbon pick-up, hence better control. 
The cupola’s counterpart, the blast- 
furnace, has its cast rate controlled 
on the charging end and not at the 
notch or spout. 

The majority of cupolas today 
operate with 9 x 6 x 4-in. block, each 
course of which is 4 in. high. How 
can 9-in. high tap-hole brick be set 
in 8 or 12-in. high breast spacing 
without cutting brick or plugging 
with clay? When refractories do not 
fit exactly, it is natural for any one 
to use his original ideas. 

However, individuality in shapes 
and sizes of refractory blocks is un- 
economical. Both producer and user 
should come to an understanding for 
mutual advantage. This was the 
guiding thought of the plans for 
simplified practices in the early thir- 
ties set forth by the Department of 
Commerce. 

In relining the cupola to a certain 
inner diameter it should be obvious 
that proper size block or a combina- 
tion of sizes should be used for clos- 
ing this circle correctly. Difficulties 
in relining can be expected if im- 
proper sizes of cupola blocks are 
used in the relining operation. 


When block of a large: 
required are used the joint 
open toward the back in th 
of a “V” 
a size will line up with ope: 
on the front. Such conditions 
tend to decrease the productiv 


whereas block of t 


of the cupola lining. 

Since 1937, the American Ref; 
tories Institute adopted as standar 
the revised series of cupola block 
which in the calliau block of 4! 
thick sizes retained the sam 
betical designations as befor 

However, when procuring A, B, 1) 
or E block at the present time, th: 
foundryman them 2 
smaller in diameter than the sizes 
shown in the sales catalog tables « 
standard cupola manufacturers. For 
some years these equipment suppliers 
have shown lining tables which ar 


+} 


receives 


not correct on sizes smaller than 
No. 5, having a shell diameter 
56 in. or less. 

Practically no refractory produ 
today makes these old sizes unles 
hand made shapes, and few ar 
ried in. stock. The best cupo! 
today are machine-made stiff-mud 
processed under 25 in. or mor 
vacuum. 

The foundryman 
cupola and from the tables of th 
manufacturer he places his ord 
the block and brick requi 
he finds these block close a 
inches less inside diameter 
resulting decrease in cross 
area of the melting zon 
means there is one inch 
back-up to provide all arou 

The author feels that eve: 
lining, regardless of the siz 
have a backup course and t! 


purchases his 














ade by the manu- 
rmining his shell 


nd through experi- 
ent allowance for 
be provided in the 
block used in the 
rea. The use of a 
r, Ye to % in. thick 
least four times in 
backup, will prevent 
n pressure and re- 
nm of a new cupola 


melting is too fast to 

nd the floors poured 
ution is to line down 
neter to such a* point 
can be moved away 

it melts. The normal 
suggested in current 
to 11 lb. of iron per 
ting zone cross-sectional 
ir. When possible a 
\v-in time between the 
nd “wind time” is pref- 
results in better preheat- 
t] ning, and hence longer 


foundries in the past 

ted the cupola and _ its 
quipment, except as the 

of molten iron. Improved 
facilities and location for 
¢ brick, block stone, fire clay 
pola block will pay dividends. 
t to pig iron, scrap and coke, 
largest ingredient in cupola 
It is too often for- 
ninimized. About a pound, 


practice 


or 13 cu. ft., of air is used for every 
lb. of iron melted. 

Many shops are now equipped 
with constant volume, balanced blast 
controls, with the latest equipment 
also controlling the moisture content, 
another important variable. Blast 
volume or quantity of air is the im- 
portant thing; pressures are second- 
ary in importance. 

However, a cupola which is being 
pushed by stepping up the air blast 
pressure is going to be one in which 
refractory life is considerably short- 
ened; it would be cheaper to alter 
the cupola tuyeres. 


DISCUSSION 


Chairman: C. E. Bags, Ironton Fire 
Brick Co., Ironton, Ohio. 

Co-Chairman: C. S. Reep, Chicago 
Retort & Fire Brick Co., Chicago. 

CHAIRMAN Bates: The subject of 
cupola refractory standardization is of 
vital importance to the producer and to 
the user of foundry refractories. If we 
can have certain standard sizes and 
shapes, the price is naturally more favor- 
able. The greatest advantage is the fact 
that the manufacturer will usually have 
standard size materials in stock, whereas 
if you use non-standard refractory articles 
it may take anywhere from four to eight 
weeks to make them. 

J. A. Bowers’: What is the reason 
for the backup brick back of the cupola 
block ? 

Mr. Stevens: Too often it is the line 
of least resistance in cupola operation 
to run the block until they burn through 
If you like buying new sections of a 
lower shell, that is one problem. If you 
want to have your cupola constant in 
diameter and protected you should use 
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some backup, and then reline when you 
burn through your inner lining 


The smaller size cupolas, according 
to the manufacturers’ standard tables do 
not provide for backup. Too often we 
go into particularly the smaller shops 
and find many welded spots on their 
cupola shells. They simply have not 
provided for that additional margin of 
safety. 

ARNOLD Satz’: How do you prevent 
burning in above the tuyeres when the 
blast volume is increased? 
Unfortunately, I am 
I know 
there are several types of tuyeres used 
It is 
facing on a cupola that requires more 


Mr. STEVENS: 
not much of a cupola operator 
possible to put more tuyeres 
volume of air. The easiest thing to do 
is to increase the rpm., and increase your 
pressure. That is just the wrong thing 
to do. You are upsetting your equi- 
librium conditions. You will pay for it 
through increased refractory expense 

CHAIRMAN Bates: The thing that 
has often puzzled me is why it is, with 
cupola blocks rather well standardized, 
the fabricator of cupola shells is so non- 
standard as far as the refractory blocks 
are concerned. In the cupola manu- 
facturer’s catalogue you will find a list 
of non-standard blocks as being neces- 
sary to line up a cupola the way they 
recommend it 

Mr. Stevens: It is foolish to con- 
tinue to supply cupolas when you go to 
your refractory procure 
blocks which do not fit. That is just 
exactly what nine out of ten foundry- 
men are doing, whether you are doing 
it knowingly or unwittingly As Mr 
Bales says, these cupola catalogues are 
listing sizes which have been obsolete for 


supplier and 


15 years. 


‘American Cast Iron Pipe Co., Birmingham 


Ala 


*National Radiator Co., Newcastle, Pa 
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PRODUCTION OF CORES for any 
foundry, and for malleable found- 
ries in particular, is of great impor- 
tance. The quality and charac- 
teristics of dry sand cores definitely 
influence the quality of the castings 
produced 

The purpose of this article is to 
outline briefly the production of dry 
sand cores in a malleable foundry 
manufacturing agricultural castings 
and chain links. Castings produced 
regularly in this foundry vary in 
weight from approximately one oz. 
to 25 lb., with an average weight 
per casting of about 34-lb. 


Raw Materials 

Practically all cores in this foundry 
are made from one of four different 
sands, or a combination of two of 
these sands. The sand most com- 
monly used is a locally obtained 
bank sand containing a small amount 
of clay. The relatively low cost of 
this particular sand is one of its 
chief advantages. The other three 
sands commonly used are washed 
and dried Ottawa silica sands. The 
physical characteristics of these four 
sands are given in Table 1. 

Core oil used in this plant is a 
petroleum polymer type oil having 


This paper was presented and discussed 
at a Malleable Iron Founding Session of 
the Fiftieth Annual Meeting, American 
Foundrymen’s Association, at Cleveland, 
May 6-10, 1946. 


the following chemical  specifica- 
tions: 
Saponification No. 
Iodine No. 
Acid No... . 14-17 
Specific Gravity 0.940 
This core oil has been found quite 
satisfactory for most work when all 
of its characteristics are considered. 
However, a faster baking oil having 
similar chemical specifications _ is 
used for some applications 


80-85 
195 (min. ) 


Commonly known, co rcial 
prepared cereal binders are used 
obtain green strength in most of ¢ 
core sand mixtures. In a few 
stances an Albany type molding sand 
is added in small amounts to pro. 
duce definite properties. Due to ¢! 
excessive absorption of oi! by ¢ 
clay in molding sand, this practic 
is not advisable unless necessary 

Mixing is done in a muller-typ: 


Table 1 
StrEvE ANALYSES OF SANDS USED 


U.S. Bureau Colona 
Standards Bank 
Sieve No. Sand 

6. 0.0 
oe i pe dipie ane 
20. sitiea ; 0.0 
30 ... me . 0.0 
oo yten, 
a ara 6.0 
70 .. ee 18.8 

100 : « Geek 

140 ... 21.7 

200 ... we 8.8 

270 . Pie teint: . $5 

Pan inal 2.7 

A.F.A. Clay . 2.5 

A.F.A. Fineness No. 88 





Core quality control is 

an essential factor of 
quality casting production. 
Close control of the core- 
making process —raw ma- 
terials, mixtures, core baking 
and finishing—aid the 
foundryman to meet in- 
creasingly rigid castings 
specifications. 











—Retained, per cent 
Ottawa Ottawa 
Sand Sand 
“——" "—_ 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.3 0.5 
45.6 4. 
36.1 40.2 
16.4 24.8 
1.5 7.0 
0.1 2.0 
0.0 1.0 
0.1 1.0 
None None 
51 59 


The usual amount of san¢ 
The dry 


binders 


mixer. 
mixed is 34 gal. per batch 
ingredients, sand and cer 
are mixed together for 

mately one min. before the oil an¢ 
water are added. The tota! mixing 
time varies with the diff 
(from 4 to 6 min.) and | 
with an interval timer. 

ture content of each bat 
is carefully determined \ 
ture tester. Definite mo! 
have been set for each 


i{pproxi- 


t mixes 
easured 
e mois 
f sand 
1 MOIs- 
ranges 


and it 














Table 
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Core SAND MIXTURES 


“pe 
24 
gal 10 
gal 
gal 
l 
5 
l 
XN e 
We 5 
Mulling 4 
*Fa 
rtant that these be 
Fou he most commonly used 
<tures, together with their physi- 
properties, are listed in Tables 
\t least 90 per cent ol the pro- 
tion cores are made from these 
‘xtures. All four are used either 
, core blowers or on the bench. 
The “B” sand mixture is used for 
pproximately 50 per cent of the 


It produces a core of average 
rdness and sufficient strength to 
et nost needs The “bracket 
/” mixture is used to produce 

s that require more strength and 
igher hardness than usual. Cores 
r mower sickle guards and other 
plications requiring close toler- 
from the “sickle 
nd” mixture. The “chain sand” 
ixture listed is used on the core 
blowers to produce cores for a num- 
ber of different types of malleable 
hain. A “chain sand” mixture 
reviously used in the plant would 
ot blow satisfactorily, and it was 

ind that by changing the mixture 


es are made 


the one listed, the core blowers 
ild be used. This resulted in a 
saving in labor for these cores of 


pproximately $10 per ton of core 
nd used, and greatly increased the 
ality of the core produced. 


Variations Made 

However, as in the case of most 
‘oundries, variations of these mix- 
made to take care of cer- 
‘an peculiar requirements. The 
method of making the core, as well 
as the desired characteristics of the 
finished core, has a direct influence 
upon the core mixture. 


ures ar¢ 


The use of kerosene in almost all 


mixtures is a common practice in 
the plant. It is highly important 


Mat there be little sticking in the 


Sand Mixtures—— , 
“Chain” 


“Bracket” “Sickle” 
14 
20) 
34 
34 
l l l 
6 6 10* 
4 4 4 
9 q 10 
4 6 6 


core boxes. Other materials for pre- 
vention of sticking have been tried 
but, when eost and results obtained 
are considered, kerosene has proved 
quite satisfactory. The amount of 
kerosene used does not greatly affect 
the dry strength of the cores. 


Coremaking 

Cores are produced by several dif- 
ferent methods. About 75 per cent 
of the cores are made on core blow- 
ers. Because of the nature of the 
work, most of the cores can easily 
be made by this method. Sixteen 
core blowers are operated at 95 psi 
air pressure 

Several other coremaking ma- 
chines of the vibrato type are also 
in operation. Jolt roll-over machines 
are used for the production of the 
largest cores. A small percentage of 
the production cores are handmade 
by bench coremakers. 

Wherever necessary, aluminum 
core driers are used, although most 
of the cores will stand up on plates 
during baking. The chain cores are 
not placed on driers, but stand on 


end, thus producing a rather dense 
this 
reason, chain cores receive a double 
bake by making two trips through 
the continuous oven 


mass on the core plate. For 


In a number of instances metal 


chills are placed in the core box 
and 


cores are formed, 


part of the 


before the 


thus become a core. 


Metal 


also used in this manner 


inserts of various types are 
when the 
castings produced are to be used as 
hard iron and in an unannealed 
condition. 

Baking is done, for the most part, 
in a continuous horizontal-type gas- 
fired The and 
time cycle are controlled automati- 
cally. The total time is ap- 


yroximately 3, which 
I 


oven. temperature 
cycle 
hours, of 
spent in the 


about 1% hours are 


. baking zone at a temperature range 


of 410 to 420° F. The conveyor 
carrying the cores into the oven 
between two rows of core 


passes 
blowers for convenient loading 

A group of gas-fired, batch-type 
core ovens is also maintained to take 
care of the largest cores, and special 


pul poses 


Cores Cooled 


As the cores come from the con- 


tinuous oven they are somewhat 


above room and are 
further cooled on racks before pack- 
ing. The cores then are inspected 


and packed onto boards for delivery 


temperature, 


to the foundry. 

Chain cores, cylindrical in shape 
and varying from '% to Y2-in. in 
diameter and one in. to 3 in. in 
length, are packed onto boards in 


an end-to-end manner. The number 


Table 3 
PROPERTIES OF CorE SAND MIXTURES 


Sand Mixture 








Properties — “Bracket” “Sickle” “Chain” 
Moisture, per cent 2.9 2.5 1.5 1.5 
Green Permeability 90 115 140 34 
Dry Permeability 115 150 155 37 
Green Comp. Strength, psi. 0.98 0.66 0.14 0.30 
Tensile Strength (after 

baking at 400° F.), psi. 

1 hr. 183 214 263 360 
Yq hr. 194 220 255 360 
2 hr. 181 200 255 347 

(after baking at 450° F.), psi. 

1 hr. 165 185 229 287 

1% hr. 164 172 213 267 

2: hr. 142 151 209 273 
Collapsibility (20-lb. load 

at 2500° F.), sec. 

155 95 268 


(baked 2 hr. at 400° F.)............... csiew ae 
(baked 2 hr. at 450° F.)................ 





of cores in a row depends upon the 
number of castings produced in a 
mold. The cores are set with the 
aid of a scoop that holds one row 
of cores. This practice greatly fa- 
cilitates the setting of cores by the 
molder. 

Because of the type of work pro- 
duced in the foundry, few cores are 
sprayed or coated. For the small 
amount of core pasting that is done, 
a commercially prepared core paste 
is used. Where exceptional hardness 
is required in a particular section 
of a core, that section of the baked 
core is dipped in a mixture of core 
oil and kerosene (one part oil and 
two parts kerosene) and dried in the 
continuous oven. 


Core Quality Control 

As the quality of the castings im- 
proves, the control of core quality 
becomes more essential. The plant 
endeavors to control the quality of 
all raw materials used. Sand ship- 
ments are checked periodically for 
fineness and clay content. Each ship- 
ment of core oil is sampled and 
tested for chemical specifications and 
baking characteristics. 

During the mixing of the sand, 
the moisture content is carefully 
controlled and mixing time is 
checked. Needless to say, excessive 
moisture or mulling time will cause 
considerable trouble with core blow- 
ers. Control of temperature in bak- 
ing ovens is relatively simple with 
the controllers and pyrometers avail- 
able to the industry. 

Inspection of the finished cores is 
done by the packers as the cores are 
prepared for delivery to the foundry. 

This article is not intended to 
serve as a guide for the successful 
operation of a core room, but is 
merely a brief outline of the methods 
used in one plant. There are many 
instances in the author’s plant where 
improvements in core practice could 
be made, and as time and experience 
indicate these changes are made. 

As this is being written the 
scarcity of cereal binders for core 
sand mixtures is becoming more and 
more important. It will soon be 
necessary to eliminate much of the 
corn product binders from the mix- 
tures, at least temporarily. An ex- 
perimental program is now under 
way, intended to find a substitute 
that will meet requirements. 


DISCUSSION 


Chairman: W.D. McMi1Ltan, Interna- 
tional Harvester Co., McCormick Works, 
Chicago. 

Co-Chairman: D. F. SAwTELLE, Malle- 
able Iron Fittings Co., Branford, Conn. 

Co-CHAIRMAN SAWTELLE: I do not 
remember your proportion of cereal bind- 
er to oil in the core mixes you use most. 

Mr. WELANDER: When corn cereal 
was commercially obtainable we used 1 
gal. of cereal binder and 5 pt. of oil. 
That is almost twice as much binder as 
oil. The strength was developed by the 
cereal binder rather than the oil. 

Mr. SAwTELLE: As the proportion of 
the oil increases do you decrease the 
proportion of the cereal binder? 

Mr. WELANDER: No. In the smallest 
core we make the amount of oil would 
be increased and the amount of cereal 
binder would remain the same. The 
smaller cores do have a high oil content 
in proportion to the cereal binder. 

Mr. SAwTELLeE: That agrees quite 
closely with my foundry. 

H. E. Henperson’: As to moisture 
control in your core blowing operations, 
what moisture range do you find most 
satisfactory ? 

Mr. WELANDER: I mentioned one mix- 
ture with 2.75 to 3 per cent moisture. 
That is the highest range we have. The 
others run lower than that. As the 
amount of Ottawa silica sand increases 
the moisture content is decreased to about 
1% per cent. Keep your moisture con- 
tent below 2% per cent, from 1% to 2 
per cent. Best results are obtainable in 
that range. 

CHAIRMAN McMILLAN: Is your sand 
for cores dried to 1% to 2% per cent 
moisture ? 

Mr. WELANDER: No, that is the core 
mix. 

CHAIRMAN McMiLitan: Do you dry 
the sand? 

Mr. WELANDER: The Ottawa sand is 
purchased in the washed and dried con- 
dition. ‘The bank sand that we obtain 
is not dried; however, it has a relatively 
small amount of moisture and we can 
easily hold the core mixes down to 242 
per cent moisture. We have to add water 
to everything we mix. 

CHAIRMAN McMiLian: Do you buy 
core oil by the pound or by the gallon? 

Mr. WELANDER: By the gallon. 

YHAIRMAN McMILLAN: What do you 
pay for a gallon? 

Mr. WELANDER: At the present time 
we pay approximately 65 cents per 
gallon. 

A. M. Futon’: I notice you use chills 
with your cores. What do you put on 
your chills to cause them to bond well 
with the core, and what do you put on 
the outside of the chill to prevent burn- 
ing in? 


1H. C. Macaulay Foundry Co., Berkeley, Cal. 
2Northern Malleable Iron Co., St. Paul, Minn. 


MALLEABLE | 


Mr. WELANDER: Mos 
are made in such a n 
shape holds them well 
coating is put on the c 
to prevent sticking to the 

Mr. Futon: I under: 
pt. of oil and 4 pt. of | 
core mixture. Have you 
the amount of core oil t 
a little weaker and to less 
of kerosene needed? 

Mr. WELANDER: This 
amount of kerosene, but w 
have the hardness and th 
breakage of the core than 
quantity of oil and make a 
If we were using a highe: 
expensive oil, we would pro! 
oil. However, by using t! 
oil, we feel we can afford t 
much kerosene. 

Davi Tamor’: Regarding 
chills, we follow the same 
we do in the making of swiy 
the outside of the chill is dipped in 3 
lac and then in sand. That sand j 
70-mesh grain size, and our 
has been that the casting just sheds «J 
chill when the core is shaken out 

Mr. HENDERSON: I was very 
amazed by the oil ratios of 
1:400 that were mentioned at anot! 
session. Could you give us som 
mation about those mixtures? 

Mr. WELANDER: Those particular mix 
tures were entirely oil mixtures. No dr 
binder of any kind was used. The or 
ingredients used were sand, oil, and 
water. The speaker stated that they 
were used on very light sections, that 
they were extremely soft, and that th 
had to be handled very carefully 


In our plant we could not do that 
We require a core that will stand a great 
deal of handling so we use considerabl 
larger amounts of oil. Those were light 
section cores, used on comparatively light 
section work, where collapsibility wa 
extremely important. 

We checked the collapsibility by means 
of a dilatometer on the mixes I men- 
tioned, particularly the B sand mix, whict 
has about % bank sand and 1/3 Ottawa 
sand. In the collapsibility test we mad 
specimen 1'%-in. in diameter and 2-in. 11 
length. It is similar to the regular per- 
meability specimen except smaller 
diameter. 

We baked the test specimen at 400° F 
or under conditions which simulated 
those in the core oven. Then we applied 
a constant load of 20 Ib. After the load 
had been applied, we lowered the dila- 
tometer furnace over the specimen. In 
this particular case we set the tempera 
ture control at 2500° F. so we exposed 
that core to a temperature of 2500°F 
immediately. We found that collapsi- 
bility occurred in about 198 sec. or 4 
little over 3 min. As the ount 0! 
Ottawa silica sand in the n 
creased, we found that th 
collapsed in less time. 


was in- 


pecimen 


American Chain & Cable Co., Yori, Pa 
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\ RING CASTING of approxi- 
outside diameter, 11 
nside diameter and ¥4-in. thick- 

was chosen for experimental 

on centrifugal magnesium Cast- 

ng because it had been made as a 
ercial permanent mold casting 

| because of its simplicity of de- 
It should be realized that a 
atively small percentage of com- 
| shapes can be cast by the 



















centrifugal process. 
[wo factors probably have tended 
retard the development of a proc- 
: magnesium alloys 
entrifugally. The first of these is 
chemical reactivity of molten 
magnesium, or its tendency to oxi- 
readily in contact with the air. 
lhe second factor largely concerns 
ts density. The density of magne- 
m oxide is greater than the density 
i magnesium, This factor makes it 
iificult to separate the dross from 








for casting 















; the metal by centrifugal force be- 
te ause the heavier MgO particles 

be trapped by the freezing 
I Another point to mention here in 
ra mparing centrifugal casting of 
ed magnesium with steel or cast iron 





the fact that, in steel or iron 
loys, the slag is not only much 
ghter but is also a liquid at casting 
‘emperatures, while the magnesium 








er was presented at an Alumi- 
Magnesium Session of the 
\nnual Meeting, American 
‘ound ymen’s Association, at Cleveland, 
fay 6. 1946 


+d. 














dross is a solid. [his combination 
of a low density, fluid slag makes 
it relatively easy to separate the 
slag from the metal centrifugally in 
steel practice. 

It is interesting to note at this 
point that these same two factors 
were a problem in the early days 
of the sand casting of magnesium 
alloys. The volume and quality of 
magnesium sand castings today indi- 
cates that these factors were over- 
come in commercial practice. The 
balance of this discussion indicates 
that they can also be overcome in 
centrifugal casting practice. 

Description of Equipment. The 
centrifugal casting work described 
here was done on the 
shown in Fig. 1. 
the steel mold as it is mounted on 
the machine. The casting is formed 
under the cover in an impression cut 
into the mold. The cover plate also 
fits into an impression cut into the 
mold and is held down during the 
spinning by the three “dogs” shown 
in the picture. 

The machine is mounted so that 


machine 
This view shows 





Centrifugal casting of cast iron, 

steel and the heavy non-ferrous 
alloys is an old practice. Relatively 
little work, especially in production, 
has been done on the centrifugal 
casting of light alloys. Investiga- 
tion has shown that a commercial 
magnesium casting can be made 
successfully by the true centrifugal 
permanent mold process, the pro- 
duct being equal to or better in 
quality and efficiency than that ob- 
tained in static permanent mold 
casting. 











it can be rotated through 90° allow- 
ing for casting from any angle from 
horizontal to vertical. 
is driven by a 3 hp. motor equipped 


The machine 


with a dynamic drive which allows 
a continuously varying mold speed 
with a constant speed A.C. motor. 
An air brake is used to stop the 
mold. A tachometer 
mold speed. 


indicates the 


ladle of the 
design 
was used to pour the castings. The 


A 3¥2-lb. capacity 
conventional teapot spout 
metal was melted in 100-lb. magne- 
sium Capacity open pots and heated 
directly to the casting temperatures 
used in all cases. The metal was 
not given any grain refining treat- 
ment. The alloy used was ASTM 
alloy AZ92 (9Al-2Zn-0.2Mn). This 
is the same alloy, and metal prepa- 
ration treatment, as used on the 
static casting to which the centrifu- 
gal casting is being compared. 


Discussion of Experimental Re- 
sults. Centrifugal casting of AZ92 
alloy requires that a definite tech- 
nique be followed in order to pro- 
duce good quality castings. Table |! 
indicates the results of various cast- 
ing temperatures, mold speeds and 
pouring methods. Pits, microporosity, 
lapping or cold shutting, and band- 
ing can occur under certain condi- 
tions. 

Pitting is caused by excessive tur- 
bulence of the metal as it flows from 
the ladle into the mold. In normal 
sand or permanent mold casting the 
metal is bottom gated or side gated 
into the mold to eliminate turbu- 
lence. In centrifugal casting the 
metal is, in effect, top gated because 
it flows into the mold in the direc- 
tion of the centrifugal force. 


In order to reduce to a minimum 
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Fig. 1 


Front view of centrifugal casting machine 





Table 1 
Errect or CasTING CONDITIONS UPON QUALITY OF 
CENTRIFUGALLY Cast RINGs 


Physical Properties as 
———Heat Treated and Aged — 
Tensile Yield Elonga- ’ 
Mold Mold Metal Type Strength, Strength, tion, Grain 
Speed, Temp., Temp., of Quality 1080 1 percent Size, 
rpm. * F. i rs Pour* Rating** st pst in 2in. 0.001 in. 


600 600 1375 P E 


Defects psi 
Porosity, 
Pits, Lapping 
Lapping 
Lapping, 
Pits 
1375 ; Porosity, 
Slight Lapping 


800 600 1240 > Cc 
1300 Cc 


1000 1240 Slight Lapping 
and Pits 
None 
Pits 
None 
Pits 
Banding, 37.0 28.6 
Lapping 
Banding 38.9 30.3 1. 3 


1300 


A 
D 
1375 A 
D 
B 


1200 600 1240 


1300 D 


Nore: Fast pour used for castings in above table to avoid lapping. Also, a 30° mold angle was 
used for ladling convenience 

*P—Peripheral pour. O—Center pour 

**Key to Quality Rating A—Excellent, acceptable for production. B—Good. C—Fair. D 


Poor. E—Bad 





Table 2 


COMPARISON OF PROPERTIES OF CENTRIFUGALLY CAST AND 
STATICALLY Cast PERMANENT Mo.p RING 
Tensile Yield 
Strength, Strength, 
Te mp., 1000 1008 
Casting Method a psi psi. 
Static 1240 31.1 21.6 1.3 9 6 
1300 29.9 21.4 1. 9 5 
1375 31.3 20.8 # 1! 5 
l. 
1. 
By 


Elongation, Grain 
per cent Size, 
0.001 in. 


No. of 
Values 


in 2 in, 


Centrifugal* 1240 36.5 28.8 3 4 
1300 36.9 25.3 4.5 10 
1375 37.0 24.9 é 4.5 10 


*Only “A” and “‘B’’ quality rings considered. All rings spun at 1000 rpm. with peripheral pour 











the “drop” of the 
ladle spout to the « 
of the mold, it was 
opening in the cover 
as large as_ possiblk 
enough room for tl 
the riser. The riser 
true centrifugal cast 
merely of excess meta 
diameter of the castir 
of the ladle should b: 
to the inside diamete: 
plate as possible. 


Centrifugal Pour Types 

In Table 1 this type of pour) 
is classed as a “peripheral” poy 
compared with a “center” 
Figure 2 shows diagran 
the manner in which th 
scattered with various types of poy 
For minimum turbulence the me 
should not only enter the mold p 
the periphery, but the mold shou 
also be spinning in the proper direc. 
tion consistent with the type of lad 
used. It is evident that the 
shown in Fig. 2C produces the leas 
amount of pitting. 

Another common method for r 
ducing turbulence in centrifuga 
casting is to start pouring the meta 
at a slow rotational speed of the 
mold and to accelerate the mold a 
the pouring progresses. This method 
was tried on this casting, but n 
obvious improvement in quality re- 
sulted from the slower initial speeds. 

However, the relatively small vol- 
ume of metal poured and the rather 
slow acceleration of the mold may 
have been responsible for the lack 
of improvement, since the metal 
probably had frozen before the mold 
reached its top speed. 


Cleaning the Metal 

Oxide particles and skins are 
other defects which are caused by 
excessive turbulence, especially at 
the higher pouring temperatures 
The same precautions are necessary 
in centrifugal casting as in sand of 
permanent mold casting with re 
spect to cleaning the metal in the 
pot and protection of the metal in 
the pot and ladle. 

Again, the peripheral 
the mold spinning in th 
rection relative to the ladle design 
produces the least turbulence and 
hence the least amount of burning 
The mold should be 
SO, gas prior to each cast 

Lapping or cold shu 


pour with 
proper di- 








P. J. MAENNER 











the defect which 
outer diameter of 
used by turbulence 
temperatures to- 
mold speeds. The 
that small globules 
way from the main 
and are thrown 
ide of the cavity. 
s then freeze against 
e and do not en- 
the main body of 


























Slow or discontinuous 
se lapping because the 
point in the casting: 
he next layer of meta 


ul tv is caused by lack 
suff feeding of the metal 
the riser to the casting. Under 
of the test, there was 

ter tendency of microporosity 
higher casting temperatures. 


ted at these higher tem- 
tures by going to higher mold 
vhich produce more efficient 


“GY 
SS 


: from the riser. 
ling is caused by vibration of 
ld. This is a function of ma- 





D 


Sketch showing various methods of pouring. A—Clockwise rotation, 
. ' center pour. B—Counterclockwise rotation, center pour. C—Clockwise rota- 
umount of banding. The tion, peripheral pour (least turbulence and exposure of metal to atmosphere 
ng consisted of concentric rings D—Counterclockwise rotation, peripheral pour. 





design and support. The mold 







this work vibrated notice- Fie. 2 
»* > 





1200 rpm. and caused a con- 
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netal 


nold 


are 


1 by 


ures 
sary 
1 or 





Fig. 3 (above )—Photograph of centrifugally cast ring. 






Fig. 4 (right)—Photograph of statically cast ring. 





of porosity running partially or com- 
pletely around the casting. 

Considering these defects, it may 
be seen that the best castings can 
be produced by maintaining a bal- 
ance of the casting conditions as 
follows: 

1. Mold speed about 1000 rpm. 

2. Metal temperature about 1300- 
1400° F. 

3. Mold about 
600° F. The mold, under continu- 
ous operating conditions without 
supplying additional heat, operates 
at this temperature. 

4. Peripheral pour with the di- 
rection of mold rotation such as to 
produce a minimum of turbulence 
(Fig. 2C). 

5. Fast pour. 

6. Mold angle about 30° from 
the vertical for ease and convenience 
in getting the ladle spout close to 
the mold. 

7. Care in holding and ladling 
metal from the pot to obtain clean, 
flux-free metal, as is required in all 
casting methods. 

Under these conditions, all of the 
defects considered are reduced to a 
minimum and castings of satisfactory 
quality are consistently obtained. 

Comparison of Static and Centrif- 
ugal Casting. The same casting was 
produced statically in a permanent 


tem pera ture 


CENTRIFUGAL CASTING OF A Mac» 


Fig. 5 (left) 


Radiograph of centrifugally cast ring. 





The castir 


perfectly sound. Fig. 6 (right)—Radiograph of statically cast rir 
porosity is apparent. 


mold for comparison. A compari- 
son of the quality and economy of 
the two methods of making the same 
casting indicates that the centrifugal 
casting can be made at least as in- 
expensively as the permanent mold 
casting, and it is of a better quality. 

The pouring temperature of the 
static casting is about 1200-1250° F. 
in production. However, some cast- 
ings were made at 1300-1400° F. in 
the static mold in order to compare 
the two methods at equal tempera- 
ture. 

Figures 3 and 4 are photographs 
of the centrifugally cast ring and 
the statically cast ring, respectively, 
showing the gates and risers in both 





Table 3 


COMPARISON OF CENTRIFUGAL TO 
Static Metuop oF CASTING 


Centrifugal 
Grain Size... Better 
Tensile Properties Better 
Casting Yield. Better 
Casting Speed.. Equal 
Radiographic Quality. Better 
Cleanup . otanabh Equal 
Fracture Cleanliness .Equal 











A saving in the 
centrifugal!) 


cases. 
metal 
amount required statica 
denced in these two pict 
casting as shipped weigh 


cast 


The permanent mold casting v 


6.6 lb. for a casting yield 
cent, while the centrifug 


weighs 2.8 lb. for a casting 


54 per cent. 


Both types of castings wer 


with a refractory wash on 
The thickness of the wa 
variation in thickness f1 


+} 


} 


casting is very important 1! 


manent mold casting. ©: 
trifugal mold the wash 
critical. 

Typical prints of rad 
the rings cast by the t 
are shown in Figs. 5 a: 
the prints are not as cleat 
some porosity can be 
static casting. The cent 
ing appears perfectly s 

Comparative Prop: 

A comparison of the 
and aged tensile propert 
size of the two casting 
shown in Table 2. Thi 
cates a considerable imp 


WI 





wp P. J. MAENNER 


s a result of the cen- 
process. The metal 
any grain refining 
yet the grain size is 
hat obtained statically 
metal is intentionally 


the £ 
tniiug: 
was 
treatm 
equiva 
only w! 


grain rt ; 
The § refinement probably is 


additional chilling 
d in centrifugal casting 
ng is held more tightly 
mold walls. The im- 
) tensile properties is 
due to mbination of the im- 
provement in soundness as well as 
the refinement of the grains. 

About 24 to 30 static castings can 
be made per hr. by one man on one 
mold under the present operating 
conditions. One man can cast the 
same number of rings at the pres- 
ent time on the centrifugal machine. 
By designing the casting cavity into 


caused 
effect obt 
since the 
against 
proveme 


the cover plate, and by using two 

or more cover plates, one man prob- 
make considerably more 

castings per hr. by this method. 

It is estimated that the cost of 
machining the centrifugal ring is 
about the same as for the static 
ring. The centrifugal casting requires 

athe cut to remove the inside ma- 

which acts as a riser, while 

the static casting requires a saw cut 

ound the outside to remove the 
mbination gate and riser. 


A summation of the comparison 
between the permanent mold casting 
and the centrifugal casting indicates 
that the centrifugally cast ring is 
superior to the statically cast ring 
in quality, and is somewhat better 
than the static casting in economy 
of production. Table 3 indicates the 
comparison between the two meth- 
ods. A large scale production run 
was not made with the centrifugal 
process because of contract cancella- 
tions following the end of the war. 


DISCUSSION 


Chairman: Lestte Brown, Magne- 
sium Fabricators Div., Bohn Aluminum 
& Brass Corp., Adrian, Mich. 

Co-Chairman: G. G. Giwer. Ebaloy 
Foundries, Inc., Rockford, Il. 

R. F. Hauser’: 
ter grain size with centrifugal castines as 
compared with the static casting. I 
would like to ask what method was 
used for grain size determination. 

Mr. Strieter: Grain sizes in Table 
2 were about 0.009 to 0.011 in. as the 
average grain diameter 

Mr. Hauser: Is that taken in one 
direction ? 

Mr. StriEterR: The grain diameter is 
determined by a visual comparison of 
the grains at a magnification of 100 
diameters with the grains of a standard 
grain size chart. 

Mr. Hauser: Was that taken in the 
direction of flow of metal as well as 
transverse to the flow of metal? 

Mr. Srrieter: There was no differ- 
ence. There is no orientation of the 
grains. They were equiaxed. The grain 


Table 3 shows a bet 


size was the same in all directions 

Dr. Bascn': The feature that intet 
ested me was that Mr Strieter’s con 
clusion practically completely coincided 
with what we of the AFA Committee 
on Centrifugal Casting of Light Metals 
so far have found in ous work of 
course, one swallow does not make a 
summer and the experience with one 
casting may not necessarily indicate what 
we can get in general production 

MEMBER: Has any other work been 
done on centrifuging, semi-centrifugal or 
precision casting by centrifugal force in 
magnesium ? 

Dr. Bascu We ourselves considered 
the centrifuge casting as probably hav- 
ing a greater commercial appeal than 
the straight centrifugal casting on ac- 
count of the greater variety and flexi- 
bility of design and certain economi 
features. I must admit that we so far 
cannot contribute any accomplishments 
We are in the midst of investigation and 
experiment. What we have done so far 
simply indicates that tremendous advan 
tages can be obtained, but how we will 
obtain them is still in the offing That 
still has to be determined and it is the 
objective of the committee's work to find 
out how it is to be done 

Memser: I would like to add that 
there are two or three companies that 
are making some small magnesium parts 
by the centrifuge method 

CHAIRMAN Brown: The centrifugal 
casting of magnesium and aluminum al- 
loys at the present time is quite young 
and there is considerably more work to 
be done before we are assured that we 
have a commercial process that can be 
used on various types of castings 
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G. A. Pealer 


Pattern Shop Supt. 
Elmira Foundry Co., Inc. 
Elmira, N. Y. 


Ir IS PROBABLE THAT the first 
pattern was made by an artist in an 
attempt to capture the beauty of a 
form or figure. In doing this the 
artist was thinking of only one cast- 
ing. It did not occur to him to 
make the pattern so that it would 
mold easily. His aim was to repro- 
duce ail the irregularities of his 
model and, in fact, to add a few 
in order to demonstrate his con- 
summate skill. 


Cost Unimportant 

Undoubtedly the pattern was a 
solid, one-piece affair made of clay. 
The molding element probably was 
a clay or plaster of sorts that dried 
or set over the pattern and was 
removed by breaking away—later to 
be reassembled and filled with metal. 
The artist got results, but the man 
hours involved were tremendous. 
The value of the completed casting 
was not measured in dollars, but in 
the pride and awe of a masterpiece 
created. 

In this endeavor one person was 
at one and the same time creator, 
designer, patternmaker, molder, 
melter and finisher. His limits were 
beauty and proportion; absolute size 
and shape were not required. To- 
day, those who cast metal for com- 
mercial use are faced with a much 


different problem, summing’ up 
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somewhat in the following manner: 

1. Exact requirements of metal 
specifications. 

2. Exactness of size and shape. 

3. Need of a competitive cost. 

4. Delivery date to be met. 

Item No. 1 deals in shrinkages of 
metal. All patternmakers have rules, 
but some have difficulty in using 
them properly. On small patterns 
the shrinkage is a minor considera- 
tion, but on large work it sometimes 
becomes involved. A long, thin cast- 
ing will not shrink the same as one 
of the same length but several times 
thicker. Metal will not shrink the 
same over dry sand as it does over 
green sand, and this calls for a com- 
bination of shrink rules used on the 
same pattern. This shrink factor is 
the first step, and an important one. 

Item No. 2 is a large order and 
one requiring the best thought in 
any organization. The patternmaker 
must be the guiding hand in any 
pattern equipment conference. 

Most pattern purchasers send a 
print to the pattern shop with orders 


to make a pattern. A few purchaser 
specify the kind of pattern, and stil! 
fewer detail the kind of equipment 
and just how it is to be made. This 
type of purchaser usually is one of 
the larger companies having in jt: 
organization a planning department 
Some of them do have the pattem 
planning “know how,” but some fal! 
far short. Therefore, it is th 
patternmaker’s job to consider the 
pattern equipment to be made, and 
to suggest any change in part design 
that might help to produce a better 
or lower cost casting. 


Suggestions Valuable 

In some cases this is a difficult 
thing to do as some engineers fee! 
that a suggestion of change is a 
reflection upon their ability and 
good judgment. However, the greater 
number know that the patternmak- 
er’s experience can be valuable. 

Most patternmakers. have had, at 
one time or another, the desire to 
extend a pad to a wall to eliminate 
a loose piece, or add a larger fillet 





progress.—Edward Leslie. 


r A patternmaker is an exalted craftsman, the greatest com- 

mon denominator, as well as the least common multiple of 
all industrial production. A patternmaker must have the cre- 
ative conception of a draughtsman designer, the practical 
ability of a molder, the precise skill of a machinist, the analyti- 
cal judgment of a mathematician. 
design, with vision and ingenuity and build the idea from trade 
to trade with practical knowledge: thinking and forming inside 
and out with length, breadth and thickness—adjusting accu- 
rately all values and dimensions and producing with dextrous 
finality any conceivable form to be cast in metal. The products 
of the patternmaker's skill are truly surrounded by an aura of 
greatness which dignifies his right to assume a place of con- 
fidence, trust, and honor in all industrial advance and national 


He must create a plan, or 
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ble casting shrink or 
lowever, far too many 
blindly make the pat- 
rawing, with the self- 
ug thought that the 
he drawing, regardless 
it it is a poor pattern 
gh molding cost. 
It be emphasized that a 
r will thank the pat- 
or saving money or 
tter, less costly casting 


Iten ; deals with competitive 
nly in the pattern shop 
foundry as well. The 

st of pattern in most cases, 

in production work, is 

, small item in the overall cost pic- 

ture. Therefore, a pattern equip- 

ent which will mold readily and 
with the foundry equipment on hand 
must be designed if at all possible, 

, factor prone to be overlooked. As 

in illustration: A customer sends a 

jrawing to several shops, asking for 

quotations on equipment to produce 

WV castings 

Shop No. | quotes $25 for a sin- 

e, one-piece pattern. 

Shop No. 2, noting that the pat- 

tern can be split, quotes $35 for a 


two-wood pattern. 

Shop No. 3, noting that 200 cast- 
ings are wanted, checks the foundry 
for flask sizes on hand in the pattern 
range, and quotes $65 for a hard- 
wood matchboard of one pattern to 
fit a certain flask and, upon inquiry, 
finds that the casting is to be a 
repeat number. Shop No. 3 also 
juotes $165 for an aluminum match- 
plate of two patterns, also to fit a 
flask on hand. 


Overall Picture 
In checking costs for the various 
equipment, the purchaser finds that 
the casting cost works out as follows: 


Total Cost 
Equtp (equipment 
Casting + 200 
\ Cost Cost castings) 
$25 $1.00 $225 
2 35 0.92 219 
wood 65 0.70 205 
165 0.60 285 


Now, it will take no time to dis- 


ard the quotations of shops No. 1 


and No. 2. The only thing to de- 


ide is whether or not to spend $80 
more the first order to insure a 
ow cost on all subsequent casting 
orders and have a permanent metal 
‘quipment, or take the lower first 





cost with a fair re-order casting cost. 
It is unnecessary to point out that 
shop No. 3, while quoting a higher 
pattern cost, got the job and made 
a good impression on the purchasing 
agent. 

Item No. 4—delivery date. It will 
be found that in most cases a pur- 
chaser can and will extend the time 
limit on patterns in order to gain a 
good unit cost. This is particularly 
true when multiple pattern equip- 
ment will enable the foundry to 
produce at a much faster rate. 


Customer Limitations 

A word of caution must be added. 
It would be the height of folly to 
design an equipment, for example, 
to be used with jolt squeeze machines 
and core blowers when the foundry 
is a hand shop; or to make an equip- 
ment which will produce 1,000 cores 
a day when the production will not 
be able to use 100 a day. In other 
words, not only production but also 
the mechanization of the foundry 
using the pattern equipment must 
be considered. 

It has been the author’s experi- 
ence that cores are expensive and 
should not be used unless made nec- 
essary by the design. However, if 
a drawback can be eliminated or a 
parting made easier, there should be 
no hesitation in using a core. The 
patternmaker should ask himself, 
“If I were the molder, would I like 
to use this pattern?” 

Molders prefer a pattern with suf- 
ficient draft, no loose pieces, and if 
cores are used, prints having tell- 
tales so that cores cannot be mis- 
placed. Also, clearance strips to 
prevent crushing should be provided. 

The company with which the 
author is associated has a planning 
procedure that works fairly well. 
When a request for a quotation is 
received, it is referred to a planning 
board consisting of the pattern and 
molding superintendents who, after 
deciding which foundry department 
will make the job, call in the mold, 
core and cleaning foremen involved. 
This group then checks for present 
and future production and decides 
on the type of equipment. This in- 
formation is then entered on an esti- 
mate sheet, going into detail as to 
just how equipment is to be made, 
giving flask size, number of core 
boxes, special arbors and core driers. 

Each foreman then enters his res- 
pective cost. The pattern superin- 








tendent then reviews the equipment 
and enters time and material needed 
to produce the desired equipment, 
together with the cost. This card is 
then given to the cost department, 
which figures final casting cost and 
submits the quotation to the cus- 
tomer. If the order is obtained, the 
reverse side of the cost card becomes 
a job record card, so that both esti- 
mated and actual cost are on one 
card. This is desirable as it gives a 
ready check to the pattern foreman 
at all times. 

The patternmaker assigned to the 
job is encouraged to offer criticism 
and, if the foreman believes that a 
change is desirable, the planning 
group is called to the pattern shop 
and again goes over the job. Good 
ideas are often obtained in this way. 
In planning the job, rough shapes 
are sometimes cut out to better 
show partings, etc. 

High production patterns are 
mostly of the smaller types, that is, 
flask work, so in this discussion pit 
work can be passed over with only 
a word of caution. The pattern 
must be removed from the sand, and 
the patternmaker should provide a 
means of doing this without distort- 
ing either the pattern or the mold. 


Cores 

Medium size work—say 40 to 200 
lbs.—is a casting field requiring con- 
siderable mechanization. The type 
and number of castings wanted 
largely dictate whether the pattern 
will be made for a stripping, a pin 
life, or a rollover machine. A prime 
point to keep in mind is that cores 
cost real money and can develop 
into a bottleneck, but if the part can 
be molded faster, then cores should 
be added (ram-up cores if possible, 
since a properly made ram-up core 
blends with the contour of the cast- 
ing and shows hardly a joint, not to 
mention that they are easy to locate 
and hold in correct position). Then 
too, by adding a loose piece which 
can be removed when the mold is 
nearly rammed, and placing a core 
before completing the ramming, it 
often is possible to change a difficult 
three-part flask job into an easily 
molded cope and drag, with a good 
saving in equipment and in cost of 
casting. 

When planning for a set core, it 
should be considered that the molder 
must set the core properly, without 
a lot of filing and fitting. It is false 
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economy to skimp on print material. 
A core must have its proper founda- 
Also, 
the prints should have proper tell- 
If two tell-tales can be used 


tion, the same as a building. 


tales. 
without extra coremaking cost, the 
patternmaker should not hesitate to 
use them. Also, the cope print can- 
not center a large core. If necessary, 
use a ram-up core ring in the green 
sand cope in which to enter the set 
core. Core prints in the drag should 
have beads on the edges to receive 
any shaved sand. In this way the 
core setting is speeded up. 

When 
few extra dollars should be spent to 
provide fillets even if a few loose 
pieces are added to pattern and core 
box. It should be remembered that 
the molder’s time is all production 


designing the pattern, a 


and that cutting fillets takes time. 

When making a pattern for a pro- 
duction job using cores, it is well to 
remember that cores do not always 
run true to size, due to core box 
wear and sand and oil conditions. 
l'o overcome this, the patternmaker 
should provide metal core rubbing 
frames so that all cores must be 
fitted. This sounds costly, but on a 
production job the molding machine 
sets the pace and no time can be 
spent by the core setters to rub, fit 
and try outsize cores. 

Another 
makers follow is that of placing a 
a pattern with one 


practic e some pattern- 


loose piece on 
or two dowell pins—an inexpensive 
operation in the pattern shop, but 
one that should not be tolerated by 
the foundry unless the pattern is for 
emergency use for a limited run. 

Loose pieces should be firmly se- 
cured to a backing piece, that is, 
dovetailed into the pattern. If six 
loose pieces of different sizes are 
used, then six quite different sizes 
or shapes of backing pieces should 
also be used, in this way insuring 
proper location of parts. 

However, if the six loose pieces 
are duplicates, then the backing 
pieces should all be identical so as 
to save the molder’s time in finding 
proper location. 

In jolting the mold and in straight 
ramming, loose pieces will sometimes 
lift unless a pin is added to hold 
them down. When the pattern is 
large enough to allow it, mechanical 
means should be provided. 











DISCUSSION 


FRANK C. Cecn, Cleve- 
land Trade School, Cleveland 


Chairman 


Co-Chatrman V J SEDLON, Master 
Pattern Co., Cleveland 
MEMBER Occasionally a customer 


will send in a large pattern which must 
be handled with a crane. However, no 
provisions are made for drawing that 
pattern out of the sand There are no 
draw straps. Draw straps should be both 
on the cope and on the drag for handling 
to set the pattern in the mold, and also 
for removing the pattern from the mold. 
loo much of this expense is being need- 


lessly borne by the foundry 

Mr. PEALER: In large patterns we 
usually have three or four draw straps 
on the outside of the pattern and turn- 
ing in on the bottom so as to give a 
good steady pull to the 
braces usually in the top, so that the 


pattern cross 


means of drawing them out with a three- 


legged or four-legged chain will not 


crush the pattern 

On cope and drag work mounted on 
boards, we put inserts in the corners 
of the boards so that the foundry can, 
if they have the equipment, have a hook 
that fits in. Unfortunately, all foundries 
do not have that facility. Our foundry 
has a very elaborate way of handling 
patterns. They have a bail that fits over 
and grabs the patterns on the corners. 
If we would make a pattern for another 
foundry that did not have this bail, it 
would be useless. It is up to the foundry 
to state what kind of drawing equipment 
they have, whether they have a three- 
legged or four-legged chain. 

I have found, also, that if you put 
one draw plate in the center of the pat- 
tern that can be bolted through to the 
bottom, it is a great help in the foundry 
to draw that 
necessity of drawing straight, and the one 


pattern because of the 


draw strap will do it. 

If you are working in a shop that has 
a foundry connected with it, you ‘will 
get that information directly from the 
foundry supervisory staff. If you are 
building the pattern for another plant 
and do not know where the pattern is 
to be used, you cannot very well say just 
what is wanted without contacting the 
foundry. If it is a small pattern, we very 
often leave the draw straps and draw 
plates off. If it is to be mounted on a 
machine, you do not need draw plates. 
If it is to be hand molded draw straps 
can be put in at very small cost at the 
foundry. We often contact the customer 
and get that information from him. 

MemBER: You mentioned that the 
patterns would have to compensate for 
the dry sand core because of the dif- 
ferent shrinkage of metal. Is there a fixed 
amount? 

Mr. Peacer: No. I have never found 
that it was absolutely fixed. On very 
small cores we do not have to worry 
about it. But on a large core you make 
your core box to standard rule and the 
pattern to a standard shrink. That very 
often answers the question. I know all 
patternmakers do not agree on that. 


PATTERNS IN A Propi 





They all have their ow: 
something that has to | 
MemMBER: I would lik 
cost of adapting equip: 
facilities We 
patterns from outside so 


foundry 


quently, in placing orde: 
we contact the foundry 
fit their facilities Phere 
amount of work that has 
the patterns even after th: 
by the casting men. Howe 
is reverted against the orig 
order for the pattern equ 
necessary for the casting v 
pattern shop vendor to get 
go over the designs. 

Mr. PEALER: That is 
point. We have never four 
rymen that use the same gat 
for instance. We do not kné 
they all make good castings. 
Wher 


plant to 


use different gates 
pattern from one 
have a charge for changing 
fitting it to a different flash 
chaser would always tell th 
where the pattern is going t 
in most cases, the pattern s| m 
get in touch with that found: 
mine their requirements 

MEMBER: You 
plate in the center or sev 


Suggest 


plates as a rapping device for 

tern. You use a 2x4-in. block 

the pattern sufficiently to draw 

Would you suggest that angel ons 

placed there instead of the 

ping plates? 
Mr. PEALER: 


rapping bolts should be tighten 


That is why | 


bottom. There are on the m 
facilities for rapping the patt 

out damaging them. It is not 
idea for a molder to use a |! 

steel hammer on the pattern, 

a hard wood rapping block ag 
delicate part of the pattern 

with it. There should be rapping plat 
There are several fixtures on the 
whereby you put a heavy rapping 


in the center of the pattern, and th 
also the draw plate. There is a fixt 
that fits into it and locks in place. W! 


you begin to draw the pattern, t 
ping fixture vibrates and rei 
pattern without excessive rap] 
E. T. Kinpt': Pattern coloring 
been controversially discussed 
meeting. The opinion of thos 
the pattern committee meeting was 
the present standard of colors should 
changed. In my opinion, th mitt 
that is supposed to do the recor 
should not have the last word. | 
that this matter should be | ght 
the attention of various patt grouj 
and Chapters throughout t! nt 
for their opinions for the 
standardizing on the most 
universal color for patterns 
boxes throughout the United 
I noticed in some parts ol 
patterns are painted brown, 
prints black. In other parts 0! 
try pattern shops conform ex 
standards of the American Fo 
Association’s present specifi 
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Effect of Section Size and Chills on 
Physical Properties at Central Portio: 
Of Sand Cast Bronze Test Coupons 


W. B. George 
and 
A. H. Hesse 
R. Lavin & Sons, Inc. 
Chicago 





DESIGN OF STRUCTURAL BRONZE 
castings is based to some extent on 
the inherent tensile properties of the 
properties are 
testing 


used. These 
generally determined by 


specimens from a standardized test 


alloy 


casting. However, it is interesting to 
note that for some alloys, the prop- 
erties of test castings are generally 
far superior to the properties of com- 
mercial castings, particularly those 
with heavy cross-sections. 

This interpreted in 
another even 
though the quality of metal is satis- 
factory based on the tensile proper- 
ties of the test casting, the commer- 
cial item may leak or lack the re- 
because of the 


may be 


way, namely, that 


quired — strength 
spongy or porous structure found in 
heavy sections of certain alloys. 


Intent of Paper 

The intent of this paper is to show 
the effect of section size and chills 
on the properties at the central por- 
tion of sand cast test coupons of 
four commercial bronze alloys. These 
four alloys, namely, red brass, gun 
regular and high strength 
selected 


because they are representative of 


metal, 
manganese bronze, were 
distinct types of bronzes commonly 
used in industry. 

One type, into which category red 
brass and gun metal fall, is charac- 
terized by its long freezing range, 
critical pouring 
dency to form intercrystalline shrink- 
age voids and inability to feed prop- 
erly even though the principles of 


temperature, ten- 
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directional solidification are fol- 
lowed. This type of alloy, which will 
be called Type 1 for simplification, 
generally produces spongy or porous 
metal in the center of heavy sections. 
In contrast to this is the other 
type of bronze, which will be called 
Type II, into which category regular 
and high strength manganese bronze 
fall. Type II alloy is characterized 
by its short freezing range, high 
shrinkage, ability to feed direction- 
ally, and soundness in the center of 
adequately fed heavy sections. 


Experimental Procedure 

Two match-plate patterns were 
prepared, one for red brass and gun 
metal (Fig. 1) and the other for 
manganese bronze (Fig. 2). Each 
pattern comprised four test castings 
(2x2x5 in., 1Y%4x1¥%x5 in., 1Y%x1%4x5 
in. and 1Ix1x5 in.) gated and fed 
from a common runner and riser. 

The pattern designed for red brass 
and gun metal (Fig. 1), in addition 
to the four test castings, contained 
one standard Crown type 0.505-in. 
diameter cast-to-size test bar and one 
standard Crown type 0.505-in. diam- 
eter machined-to-size test bar, both 





Effect of section size and 

chills on properties at cen- 
tral portion of sand cast test 
coupons of four commercial 
bronze alloys is shown. These 
four alloys, namely, red brass, 
gun metal, regular and high- 
strength manganese bronze, 
were selected because they are 
representative of distinct types 
commonly used in industry. 





of which were gated int: 
mon riser. 

The pattern designed for mang 
nese bronze (Fig. 2), in addition ; 
the four test castings, contained 
solid piece, 1x1x105¢ in., gated along 
its full length into th 
riser, and from which two standard 
0.505-in. diameter test bars could | 
machined. The riser for the mang 
nese bronze test mold was design 
larger than the riser for the 
brass and gun metal test mold t 
compensate for the excessive shrink- 


commor 


age of manganese bronze 

The standard test bars were at 
tached to the castings to provid 
check on the quality of the met: 
and to provide data for a compar- 
son with the properties of | th 
heavier sections. The molds wer 
prepared with an Albany green sand 
of about 20 permeability which wa 
rammed to have a 30 A.F.A. mold 
hardness. 


Density and Tensiles 

Density and tensile properties | 
red brass and gun metal vary with 
pouring temperature, and for this 
reason a series of six test molds wer 
prepared for each alloy. Four ot 
these same molds were cast at 10 
F., intervals beginning at 2200° F 
and ending at 1900° F., and the two 
remaining molds were poured at 
2100° F. 

The test castings in on 
remaining sand molds wer 
with a metallic chill equ 
size and volume of the t 
thereby providing sufficie: 
poured at 2100° F. for a 
of the density and tensil: 
between chilled and san 
terial varying from | to 


of the 
chilled 
to the 
asting, 
ateriai 
yarison 


perties 
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edure followed for regu- 
manganese 
nze differed from the procedure 
brass and gun metal in that 

olds required for the study 


material 


standard 0.505-in. diam- 
ter test bar was machined from the 


Discussion of Results 


and 








and only one 
was poured at a lower tem- 
erature (1780° F. for regular man- 
unese bronze and 1750° F. for high 
strength manganese bronze). 
r to determine the varia- 
on in soundness of each casting, the 
ity of sections A, B, C, D, E, and 
and of sections 
ind D shown in Fig. 2 was 
Following the density 


entral portion of sections A, B, C 
ind D from each casting. 
Section F, 


present only in red 
brass and gun metal castings, was 
sted cast-to-size, and section E in 
red brass and gun metal castings was 
machined-to-size prior to determin- 
lensity and tensile properties. 
ince the density in sections A, B, C, 
the manganese bronze cast- 
not vary, it was not deter- 


results are tabulated in 
Tab 2, 3, and 4, and data for 
eack y cast at the optimum tem- 


sand 


molds are expressed graphically in 
Fig. 3, 4, 5, 


elongation, yield strength, and ten- 


and 6, in which density, 
sile strength are plotted versus cross- 
sectional area of each specimen 
Except for density determina- 
tions, the properties of sections A, B, 
C, the 


central portion of each section, but 


and D were obtained from 
are represented as the properties of 
the- entire cross-section. This is un- 
doubtedly true for the sections with 
lx] 
the 


small cross-sectional areas, i.e 


in. (D), 1%4x1% in. (C), but 






with 


average properties of secthons 

large cross-sectional areas, particu- 
larly thos which were sand cast. 
may be somewhat higher in view of 
the fact that the dense and strong 


skin of such castings has been com- 


pletely removed by machining 


However, this does not detract 
from the value of the data. Varia- 
tion in tensile prope rtres in Castings 


of variant cross-sectional! areas ts less 
pronounced in gun metal than in red 


Moreover all 


striking significant 


Cases there 
differ 
density and tensile 


in 


brass 
is a and 
ence between the 
ol 


and 


castings which were 


properties 


sand cast castings which were 


chilled in sand molds 
Sections E and F 


and F 
the data normally 


Data for sections E 


sents more nearly 


repre- 


obtained from a standard test cast- 
ing, such as the Crown-type casting 
used for red brass and gun metal and 
the Keel-block 
bronze. These data 
with the remainder of the curve be 
the for these 
points and the castings are a differ- 


A, B, 


used for manganese 


are not joined 


cause scale is varied 
ent shape than the sections 
C, and D 

However, the differences between 
the properties obtained from stand- 
ard test castings and those obtained 
ol 


suggested by 


commercial casting variant 
thicknesses 


careful study of the data presented 


in a 


section are 
in the accompanying figures 
Red Brass 


molds appears to be more susceptible 


Fig. 3) cast in sand 
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Drawing of match plate pattern for manganese bronze test 


bar castings. 
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to changes in section thicknesses 
than gun metal and the two manga- 
nese bronze alloys. The tensile 
strength quite obviously decreases 
with increases in cross-sectional area. 
As it is to be expected, the density 
follows the same trend, while con- 
trary to what was expected, very lit- 
tle if any change in yield strength 
and elongation is noted with vari- 
ations in cross sectional area. 

There are two outstanding obser- 
vations in the case of red brass and 
gun metal (Fig. 4): the properties 
of the test bars (Sections E and F) 
are far superior to the properties of 
sections A, B, C, and. D, and the 
density and tensile properties of sec- 
tions A, B, C, and D are remarkably 
improved by chilling. Properties of 
the chilled castings also approach 
more nearly the properties obtained 
from the standard test bars (Sec- 
tions E and F). 


Tensile Requirements 

While tensile properties of the 
standard test castings and the chilled 
sections A, B, C, and D of beth red 
brass and gun metal meet the ten- 
sile requirements, the tensile proper- 
ties of the same sections without 
chills fall short of the minimum re- 
quirements. 

Complete details are presented on 
red brass and gun metal in Tables 
| and 2, respectively, where it is 
indicated that of the two alloys, red 
brass is far more sénsitive to changes 
in pouring temperature and section 
thickness than gun metal. 

Both manganese bronze alloys do 
not show a significant change in 
properties which could be related to 
cross-sectional area. (Fig. 5 and 6, 
and Tables 3 and 4). Densities of 
sections A, B, C, and D are rela- 
tively the same for both sand cast 
and chilled sections, though there 1s 
a very slight decrease in density with 
an increase in cross-sectional area. 


Chilling Benefits 

Two important observations can 
be made, namely that chilling has a 
beneficial effect on the tensile 
strength, yield strength, and elonga- 
tion of the high strength manganese 
bronze, and while it improves the 
tensile strength and elongation of the 
regular manganese bronze, it does 
not appear to influence the yield 
strength of this alloy. 

The tensile properties of the 0.505 
in. standard test bars machined from 
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Zn 


Bal. , 
20.010 in. deflection in 2 in. 





1 Composition, per cent: Cu—84.45, Sn—4.42, Pb—4.71, Fe—0.22, Sb—0.12, Ni—0.66, $0.0 


3A, B, C, D, chilled with casting, equivalent in size and volume. 


Table 1 ees, 
| 
Properties OF CHILL AND SaNp Cast Rep Bras | 
85-5-5-5! 
Specimen Heat Pouring Tem- Density, Yield* Tensile Pn. 
Number Number perature, °F. GMS./cc. Strength, psi. Strength, psi 7m 
1A A 2200 8.47 11,900 12,400 
B 8.54 14,100 18,800 
C 8.53 14,200 16,500 , 
D 8.48 16,400 24,400 
b 8.72 17,800 36,200 , 
F 8.81 16,700 40,000 38 
2A A 2100 8.66 15,900 22,400 Q 
B 8.71 15,900 24,800 3 | 
Cc 8.70 16,400 27,200 ; | 
D 8.73 13,500 28,000 10 | 
E 8.86 17,800 39.600 ‘ 
F 8.82 16,800 38,000 
6A° B 2050 8.89 19,200 39,600 
B 8.89 19,000 39,000 3 | 
C 8.87 37,800 29 
D 8.91 19,200 34,800 6 | 
E 8.93 38,300 
F 8.94 16,000 41,300 , 
3A A 2000 8.74 15,900 20,500 
B 8.82 16,800 30,800 
C 8.81 17,400 33.800 ) 
D 8.88 17,700 23.900 » | 
E 8.99 17,600 40.100 « | 
F 8.85 18,200 41,300 14 
4A A 1900 8.77 18,300 25,700 
B 8.87 18,800 29.000 
C 8.86 18,900 28,800 13 
D 8.91 19,400 30,600 13 
E 8.91 19,500 38,400 29 
F 8.92 15,500 40,500 27 








the 1x1x105 in. section E are ap- 
proximately the same as the tensile 
properties of specimens obtained 
from sections A, B, C, and D. Chill- 
ing did not improve the tensile prop- 
erties of manganese bronze to the 
extent that it improved the same 
properties of red brass and gun 
metal. 

The structure of red brass and 
gun metal is considerably refined by 
the use of chills. Use of chills 
equivalent in size and volume ap- 
pears to be adequate for complete 
chilling. It is possible that the size 
of the chill could be increased or 
reduced and the same depth of 
refinement of structure obtained. 

However, since the structure ap- 
pears to be refined completely 
throughout the cross section it is 
doubtful if an increase in the size 
of the chill would render a further 
improvement in the material. It 
would seem that the dense structure 
obtained by chilling coupled with 
the improvement in tensile proper- 
ties should, among other things, be 


conducive to the production of leak- 
proof heavy section pressure casting: 


Summary 

In view of the foregoing presenta- 
tion, it seems that the following gen- 
eralizations can be made. 

1. The density and tensile prop- 
erties at the central portion of tes 
coupons of sand cast red brass de- 
crease to a great extent as the cross- 
sectional area increases. Though the 
same trend is indicated for gu 
metal, the properties vary to a lim- 
ited extent only, excluding the prop- 
erties of the attached standard test 
bars. The pouring temperature 
red brass seems to be more impor- 
tant than the pouring temperature 
of gun metal. 

2. The density and tensile prop: 
erties at the central portion of tes 
coupons of regular and high strength 


manganese bronze alloys do not var) 
with changes in cross-sect nal area 
to and including +f sq. nor * 

> will 


these same properties chong 
variations in pouring tempcrature 
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PERTIES OF CHILL AND SAND Cast 


88-8-4' 
Pouring Tem- Density Yield Tensile Elongat 
e7 perature, I GMS./ec. Strength, psi Strength, psi é n 2 in 
i 2140 8.64 17,200 35.300 95 
8.57 16,700 54.000 97 
8.03 16,700 55.900 0) 
8.6/7 19,400 16.200 9 
8.77 20,300 47 000 48 
8.55 21,600 51.500 Be 
I 2080 8.55 17,400 55.000 93 
8.58 18,100 37,500 30 
8.64 16,600 34.300 30 
8.70 18,500 35.200 97 
8.76 20.800 18.700 55 
8.83 20,200 50,500 53 
G 2100 8.76 21,500 $7,500 14 
8.78 20,800 $8,700 50 
8.74 21,000 49.800 +8 
8.77 21,200 $5,200 30 
| 8.77 22.000 19.000 $4 
8.83 20,000 50,500 44 
I 1990 8.58 18,200 31.800 20 
8.67 18,800 34.600 20 
8.69 19,900 56.400 29 
D 8.76 20,700 13 
8.78 21,600 51,300 50 
; 8.77 20,000 54,700 66 
I 1890 8.55 19,100 29,300 13 
I 8.63 18,500 31.100 14 
( 8.69 20,000 32? 600 13 
) 8.73 20,500 32.000 13 
I 8.82 23,400 50,300 33 
I 8.77 21,900 54,300 14 
( p ion, per cent Cu—87.2, Sn—7.87, Pbh—0.05, Ni—0.59. Sh—0.01. Fe—0.07. S—0.018 
* 
deflection in 2 in 


\. B, C, D, chilled with casting 


Table 2 


equivalent in size and volume 
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B. ¢ 
tached standard test bars of these 


lxl05@ in 


Cavy sections 


ions A. 


perties of 


rhe properties of the attached 


tandard test bars of red brass and 


netal are far superior to the 


perties at the central portion of 


(A, 
The properties of the 


heavier sand cast sections 


ind D 


e alloys do, however, approach 
properties of the chilled heavy 
B, C, and D). The 
the attached test bar 
of manganese bronze 
about the same as the sand cast 
A, B, C, and D). 

Chilling heavy sections of red 
nd gun metal has a remark- 


eneficial effect on density and 


, 


ue properties, and appears to be 


beneficial to the tensile 


ngth and elongation of regular 


nganese bronze and the density 


sile properties of high 
igth manganese bronze. 


Appendix 


Re of the Literature. Few 
relere are found which present 
ata show the effect of section 
SIZE 


use of chills on bronze. A 


Brouk, 
Hardy, and Loring’ shows the dis- 


recent paper, however, by 


tribution of mechanical properties 

“G”, “M”, red brass, and special 
nickel-containing tin bronzes. 

Their investigation covered a study 
of the properties of these alloys at the 
corners and center of a heavy section 
casting, 3x6x8 in. The results of 
their tests indicate that the density 
and tensile properties of “G”, “M”, 
and red brass are highest at the cast 
ing corners and lowest in the center 
This 


the results of this investigation par- 


of each casting. agrees with 
ticularly in the case of red _ brass. 

The fact that these investigators 
used a casting with a greater cross- 
sectional area than the one used for 
this investigation may account for a 
wider spread in properties found ir. 
the alloys. An interesting point 


which was brought out in their 
paper was the very small difference 
in properties throughout the cross- 
section of “G” type alloys in which 
3 and 6 per cent nickel replaced an 


equivalent amount of tin as com- 
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pared W ith the nickel-fre« “a 
metal 
These nickel-containing “G” 


metals have comparatively short 


freezing ranges and because of this, 


approach the desirable character- 
istics (i lack of intercrystalline 
shrinkage of the manganese bronze 


type of alloy This may account for 
the rather uniform properties be- 
tween skin and center of castings 


prepared with this alloy, or manga- 
nese bronze. 

Bryant's’? descriptive article on 
that 


chills frequently equal the weight of 


chills in bronze castings states 
castings, that some are plain or flat, 
follow the 


the casting, and that chills should be 


whereas othe contour of 


at least as thick, or preferably twice 


as thick. as the section in the cast- 
ing to be chilled 
References 
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ence, N. J 
B. M. Lorinc This was a very time- 


ly paper and it was very well presented 


In some of work in heavy sections, 


we have noticed that melting practice 1s 


our 
is possible to in- 
crease sometimes the mass effect by dif- 
U ndoubt- 


uniform 


quite important It 
ferences in melting practice 
edly, though, there was a very 


melting practice in all of this work 


In manganese bronze the mechani 
cal properties are less dependent on se« 
tion size. In this paper only a certain 
range of section sizes were considered 


If the author had gone up to 10 or more 
then the 
would have become more important, per- 


in. in thickness, section size 


haps accounting for 10 per cent of the 


mechanical properties. Just why this 
should be, I am not quite sure. Prob- 
ably the grain size of the manganese 


bronze as well as the distribution of the 
iron particles may have something to do 
with it. 

Joun BOoLTon Che should 
be complimented for bravely tackling a 
difficult However, they 
done their testing technique 
that, in my opinion, are in error. They 


authors 


problem have 


things in 


have taken four different sizes of blocks 
and some conventional test bars; they 
have made them on a common gating 


Washington, D. C 
Cincinnati 
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*Lunkenheimer Corp 




















20.010 in. deflection in 2 in. 





Table 3 


PROPERTIES OF CHILL AND SAND Cast REGULAR 
MANGANESE Bronze! 


Specimen Heat Pouring Tem- Density, 
Number Number perature, °F. GMS./ce. 
25A H 1900 8.23 
B 8.23 
C 8.25 
D 8.25 
E 
24A° H 1900 8.16 
B 8.24 
Cc 8.24 
D 8.27 
E 
26A H 1780 8.23 
B 8.24 
Cc 8.23 
D 8.28 
E 


1 Composition, per cent Cu 57.17, Pb—0.03, Fe—0.96, Mn—0.36, Al—0.85, Zn—Bal. 


2A, B, C, D, chilled with casting, equivalent in size and volume. 


Yield* Tensile Elongation, 

Strength, psi. Strength, psi. % in 2 in. 
30,400 77,400 23 
30,800 77,700 23 
31,400 77,100 22 
31,500 78,100 22 
30,900 78,200 23 
30,000 79,800 31 
30,800 80,600 34 
30,400 80,700 36 
32,200 80,600 34 
29,500 78,500 28 
30,300 79,000 27 
30,800 78,500 25 
31,900 77,700 25 
30,600 79,600 25 
30,900 78,200 23 








system; they have used a common riser; 
and they have used a common pouring 
temperature. Now, how many of you 
would take four different castings in your 
foundry, of different sizes, and cast them 
all at the same temperature, with the 
same riser? Perhaps the authors will 
supplement their paper by showing the 
relationship of the structures they pro- 
duced to the properties. 

Some years ago Dr. Smith did this on 
somewhat similar alloys and followed the 
relationships of pouring temperature to 
the relative dendritic versus equiaxed 
crystallization. 

I do take exception to some of the im- 
plications made in the verbal presenta- 
tion. We, as foundrymen, are dealing 
with engineers, designers, who want cer- 
tain properties in their castings. To 
make a blanket statement that the test 
bar properties are vastly superior to the 
properties in the castings is misleading. 
Chere is a degree of truth to it, we know 
that, but to use the method of compari- 
son that is used and still emphasize dis- 
parities that are partly due to techniques 
that were not suited for all types of bars 
leads to an exaggerted picture in the 
matter. 

I think there is no question but that 
as the Non-Ferrous Division of A.F.A. 
gets more into fundamentals, that the 
horrible picture that is now alleged will 
be seen to be not as bad as alleged. In 
the non-ferrous foundry field, more of 
the foundation work is needed, the re- 
lationship of the structure, for example, 
and the things I pointed out as short- 
comings in the technique of the authors 
are things that need further work. Too 
few people are interested in the mechan- 
ics of these things. Until we find out 
more about the WHYS, we are never 
going to discover the proper HOWS. 

Mr. Georce: We know that the fur- 
nace atmosphere has a considerable bear- 
ing on the structure of the castings. We 
know when we are running about | per 
cent of oxygen in the atmosphere, we get 
the best physical properties, which we 


have tried to do in this case. In fact, 
before these bars were ever run, we ran 
a number of tests, a number of fractures, 
to see that the bars were right. 


If we have to meet certain physical 
requirements on a certain job and man- 
ganese bronze is suited for it, why speci- 
fy 85-5-5-5 and get 40,000 psi. tensile in 
the bar and 22,000 psi. in the casting, 
when we could substitute manganese 
bronze and get 70,000 psi. tensile in the 
bar and 70,000 psi. tensile in the cast- 
ing? We tried to bring out the fact, 
that some test bars represent the cast- 
ings which they are made for and some 
do not. 

CHAIRMAN MuiLieR: I personally 
would more or less take the middle road 
between Mr. Bolton and Mr. George. I 
am glad that Mr. Loring made a remark 
in reference to getting up to a 10-in. 
cross-section. I am sure that the Navy 
know that they do not have in propeller 
wheels, especially in the hub of propeller 
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wheels, a 65,000 psi. te: 
cent elongation. I thin} 


derstood that for a long + “Eide 
that in the instance of | . 
the test bars are attache the hut 


well as to the blades, but 
innermost part of that 
they do not expect 65, 
and 20 per cent elongatio 

Mr. Lorinc: That is « 

W. RomanorF’®: The 
fore me expressed the sa inion | 
had when I saw and heard thy pricks 
We know definitely that the me! 
conditions have much to do with p} 
cal properties. As Mr. Bolton - 
tioned, various section thick 
not be poured at the sam: 
with the same riser. 


> right 


SSeS should 
temperature 


A statement was made whether to -_ 
a manganese bronze or some high 
strength alloy in place of 85.5.5: 
because the physicals were greater. ( 
course there are other considerations 
Suppose we were making a pressure cast. 
ing and desired high resistance to leak. 
age. Certainly, we would not necessari); 
want an alloy merely because it had , 
high tensile strength and high clonga- 
tion, without taking into consideration jts 
castability. 

I do not know whether Mr. Bolton 
was present at one of the ASTM meet 
ings a number of years ago where a 
number of competent men made the sug 
gestion that the test bar method was ep. 
tirely inadequate when trying to deter 
mine whether a metal would be pressure 
resistant in a valve or friction resistant 
in a bearing. It was felt that some 
simple pressure or anti-friction test 
would be worked out and it would not 
be a question of tensile strength or 
elongation. I still think that method of 
testing for alloy determination is not too 


far off. 


Mr. Botton: May I make one more 
remark to make this matter entirely 
clear? Some years ago, back 25 years 


3H. Kramer & Co., Chicago 








~~ 40,010 in, deflection in 2 in. 





Specimen Heat Pouring Tem- Density, 
Number Number perature, °F. GMS./ce. 
27A I 1910 7.80 
B 7.81 
C 7.81 
D 7.81 
E 

29.4’ I 1910 7.81 
B 7.79 
Cc 7.84 
D 7.84 
E 

30A I 1750 7.81 
B 7.82 
Cc 7.83 
D 7.82 
E 


24, B, C, D, chilled with casting, equivalent in size and volume. 


Table 4 


PROPERTIES OF CHILL AND SAND Cast Hicu TENSILE 
MANGANESE BRONZE 


Yield' Tensile Elongation 

Strength, psi. Strength, ps % in dim 
65,900 107,000 14 
63,100 104,000 14 
64,000 106,000 13 
64,000 110,000 19 
63,200 108,000 19 
63,400 110,000 22 
110,000 22 
65,000 110,000 22 
111,500 22 
65,200 109,000 20 
64,200 106,000 14 
63,500 106,000 16 
62,700 95,500 8 
66,200 72,700 3 
62,700 105,500 16 
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rties at the central portion of sand cast test coupons of 85-5-5-5 


alloy. 


















or better, I had just exactly the same 
viewpoint expressed concerning Cast iron 
as I have expressed today concerning 
bronze. We know and have known for 
years that the test bar may not represent 
the casting We in the iron foundries 
got busy and found out how much more 
nearly alike we could make the test bar 
and the casting, and I am going to tell 
you a little story about that 

We had recently a cast iron 24 in. 
valve body with a 2-in. wall thickness. 
The regular 1%-in. test bar had a ten- 
sile of approximately 40,000 psi. We 
took bars all over that casting after it 
had been broken up and made stress 
analysis tests. I think the lowest tensile 
we got on the bars from the casting was 
38,000 or 39,000 psi., and some ran up 
to 40,000 psi. or better. 

But what had heppened in the re- 
search field! There was a symposium, a 
series of papers. Much research was 
done, and many of us found a lot of di- 
vergence, but we worked out methods 
and means of producing results in cast 
irons. We got the proper cast irons and 
devised proper heat treatments and 
proper gatings. I would not ever guar- 
antee you will get 44,000 psi. tensile av- 
erage, in bronze castings to which Mr. 
George refers, but I will say we should 
not think either of going to the other 
uneconomical and tricky method of chill- 
ing, which is, to my mind, rather im- 
practicable for many castings. Although 
you may not get 40,000 psi. tensile, we 
may find some method of inoculation 
that will enable us to get 35,000 or 38,000 
psi. even in heavy brass castings. 

Mr. Weigand and I worked on some 
heavy stem castings years ago that were 
worthless even though the test bars were 
good. We used certain little tricks in- 
cluding proper directional solidification 
by means of re-gating and we got the 
casting tensiles up nearer to the test bar 
values. 

If you have not read early ASTM pa- 
pers on this subject, I suggest that you 
read Dr. Smith’s review, covering the 
whole test bar situation from the time 
it was started back in 1900 or before. 
Your point was well known at that time 
and figures similar to yours were pub- 
lished at that time, but metallurgists and 
foundrymen have not done enough about 
it in the intervening time 

Mr. Georce: It was my opportunity 
during World War II to visit nearly all 
the non-ferrous foundries of this country 
and it was surprising to see the differ- 
ent test bars used in the 85-5-5-5 alloy 
and others of the red brass series. I be- 
lieve there were about 500 of them. We 
had some foundries that consistently ob- 
tained 40,000 psi. tensile with the 
85-5-5-5 alloy, while others could not 
get acceptable values on a single bar. 
Some foundries had 30 Ib. risers on the 
85-5-5-5 alloy bar and they still could 
not get acceptable tensiles. We had oth- 
er foundries that had only a 1%-lb. 
riser per bar and they obtained accept- 
able tensiles on practically every one of 
them. It is time for somebody to try to 
correlate cooling rate between the metal 
and the bar. We know the bars cast to 
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Fig. 4—Graphs show effect of section size 
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and chills on the physical 


properties at the central portion of sand cast test coupons of gun metal. 


size pull the highest, due to the cooling 
rate in the sand. 

W. M. BALL, Jr.*: I do 
the test bar means much to the engineer. 
Having made test bars for a number of 
years I am positive that test bars do not 
give the engineer what he wants to 
know. We recently had a paper given 
at the Cincinnati Chapter of A.F.A. on 
“What is Strength” by J. B. Caine of 


not believe 


‘Magnus Brass Div., National Lead Co., Cin- 
cinnati, 


the Sawbrook Steel Castings Co. He 
gave a lot of good figures and much data 
on the physical testing of castings. 

In his paper he definitely showed that 
many castings were not failing from ten- 
sion but were failing due to fatigue 
which is caused by faulty design. Re- 
sulting fatigue forces concentrating in 
the weakly-designed part of the casting 
cause a hair-line crack to develop. 

He also showed results of tests that 
were made from the part of the casting 
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Mr. Greorce: How many of our Navy 
specifications call for yield strength? 
Practically none. Up to this time, it has 
only been talked about. I know from con- 
tacting many engineers that they talk 
about yield but they pay no attention to 
it when it comes to making their product 

Mempser: I want to say that the test 
bar does not definitely represent the cast 
ing. In some parts of the foundry you 
make the test bar and in other parts of 
the foundry you make the casting. You 
are working under absolutely different 
conditions. If you have an ideal condi- 
tion, where you can set up a definite 
practice to make a test bar and the same 
practice to make the casting, then your 
physical properties should be equally th 
same, under normal conditions. During 
the war many foundries were forced to 
throw out castings which were actually 
perfect because the test bar did not meet 
physical properties 

What I am trying to bring out here 
is that we have many factors entering 
into the maximum physical properties of 


a test bar. The most important onc Is 


O SAND CAST TEST BARS FROM 
OTHERWISE CHILLED CASTING 


ection size and chills on the physical 


entral portion of sand cast test coupons of regular 


bron oC. 


melting practice. If you do not have 
good melting practice you cannot pro- 
duce a good bar of any design. Poor 
baking or coremaking facilities also are 
factors. Ingredients that go into making 
a core or into the sand has something 
to do with the production of gas within 
the mold. If you are not able to free 
that, you are not going to get physical 
properties. So you have many factors en- 
tering into the casting of a test bar, yet 
that test bar is used in some specifica- 
tions for the acceptance of castings. We 
must make some standard which the 
foundryman can use to say whether the 
physical properties of his metal are satis 
factory 

I have taken several of these so-called 
test bars of various designs and I have 
gotten perfect test bars with all of them, 
simply because we try to control our 
melting, our core-making and our mold- 
ing practice. In other words, we eliminate 
the possibility of so-called gas defects, 
which includes gating as well, to get a 
good test bar, and any one of these test 
bars is satisfactory provided you can set 
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Graphs show effect of section size and chills on the physical 


properties at the central portion of sand cast test coupons of high 
strength manganese bronze. 


up a good foundry practice. 

Mr. RomMaAnorF: There is one state- 
ment that was made during this discus- 
sion that I think should be corrected. 
That is the statement that test bars cast 
to size give the best physical properties. 
They do when the metal is poor. If the 
metal has been melted and poured right 
and all foundry practice corrected, that 
is not true. It is probably more economi- 
cal and more convenient to make them 
cast to size but it does not give the best 
results if the metal is right and the 
foundry conditions are right. 

C. L. Frear®: The question of test 
bars appears to me to be tied up with 
the design and placement of risers on 
castings. Considerable discussion pointed 
to the fact that the properties existing in 
castings do not agree with those found 
in the test bar. I do not see how, with 
the present state of the art, we could 
expect the test bar to show the actual 
strength of the casting. Test bars in most 


"Bureau of Ships, U. S. Navy Dept., Washing- 
ton, D. C. 


cases are poured under conditions as 
nearly ideal as possible. With this in 
mind, why should not we get a good 
test bar? On the other hand, I doubt if 
we could find one casting out of a thou- 
sand which can be molded, poured and 
cooled under such ideal conditions. How 
then can we expect the casting to have 
the same strength as the test bar? 

The best thing that we can do is to 
admit that we do not obtain the same 
properties, but at the same time try every 
means at our disposal to determine the 
cause of the variations, which are certain- 
ly greater with many of the nonferrous 
metals than we can explain by differences 
in section. There must be some other 
causes for such variations amounting of- 
tentimes to discrepancies, due to varia- 
tions in foundry procedure and probably 
in a number of cases to inherent tend- 
encies to unsoundness in the metal itself. 
This leads to the question of the melting 
procedure and certain properties of the 
metal which we do not know at the pres- 
ent time but on which we will make 
rapid progress and, I hope, will find some 
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of the answers within 
two. 

In the meantime, I a 
vor of test bars, because 
not pour a good bar 
expected that castings n 
less ideal conditions cou 

In connection with th: 
taining satisfactory test 
opinion that one of the va 
often overlooked is the nm 
ing the risers open. As 
action of metal solidifying 
open riser will feed as long 
to the atmosphere. The 
freezes over, thus sealing 
nection with the atmosph 
as well not have a riser, i: 
sealed-off riser probably does 
than good. 

The method described in 
titled “New Type Exothen 
For Making Sound Castings” by 
Lutts, J. P. Hickey, and M. Bock [J 
the Aug. 1946 issue of the Amer 
FOUNDRYMAN appears to be i] 
method of keeping risers open, but + 
efficacy of this and other methods wt 
have been described is dependent on ot} 
er things such as properly melted met 
correct design and using the right ny 
ing procedure. 

Memser: I believe that your test 
is an excellent check on your found 
practice as far as melting and _ poss 
the molding of the test bar ar 
cerned. Beyond that, I cannot sex 
it can be correlated with the casting 
few years ago we actually made test bars 
and castings and tested them to destr 
tion. We could find no relationship x 
tween good test bars and good castings 
We made good test bars, but many ti 
our castings did not have as good phys 
cal properties as our test bars, and t! 
is the case in 95 per cent of the 
where test bars and castings are mad 

H. J. Roast*: I think that the k 
the situation is design. The foundn 
frequently called upon to make castings 
that cannot, by the very mature of th 
differences in cross-section, ever simulat: 
the test bar. Of course, I entirely agree 
that there is only one job for a test bar 
and that is to state that the metal going 
into the casting is good. I can set 
other use for it. The engineer is p! 
marily interested in buying physical con 
stants in the casting, or should be. Ye 
the engineer will design in a manner | 
make it impossible to get the results 
the test bar in the casting 

I suppose I am already known 4s 
proponent though not the originator 
the keel block test bar of about 4" 
weight. I believe that this makes a goo 
selling point to the engineer because " 
believes at once that you are not trying 
to improve the metal by casting to ‘” 
but that you are willing to ¢ bait 
chance in an average cCross- 

G. P. HALurwE Lv": It seen 
throw this meeting wide op¢ 
for the purpose of a test ba 
has stated it very clearly, na 


*Canadian Bronze Co. Ltd., M: 


Canada. 
"H. Kramer & Co., Chicago 


vp A. H. Hesse 


etal in the pot. What 
tal after that by pour- 
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nd is something else 
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is the reason for that 
s one. I think Mr. Bol- 
at when he said they 
thing in iron and by 
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iriation in sectional size 
ced. * wondered if any- 
deas why the 85-5-5-5 
fferently than the other 
t was discussed in that 
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do know that certain ele- 
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1s impurities are beneficial 
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efiners. There is chance for 
debate among foundrymen 
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some that will not. Many 
n have the idea that when the 
low in the alloy, we get porous 
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in is high and the zinc is 
will get tight castings. The 


nes Manufacturing Co., Mansfield, Ohio. 


85-5-5-5 alloy range, being wide as to 
analysis and impurities, I think will stand 
considerable research, to the end of 
bringing the properties we show here into 
a higher range 

Mr. EccLieston: The only point that 
might be an indication of the reason is 
that in your gun metal and manganese 
bronze you might consider them as singl 
constituent alloys. When you get into the 
85-5-5-5 :lloy, you have copper, tin, lead 
and zinc and on the larger sections, 
where the cooling rate is slower, I think 
there may be a possibility of a wide 
variation in the constituents formed. This 
variation might have a marked effect on 
the resulting physical properties 

A. H. Hesse 
response to the paper 1s very gatifying 
and Mr. George and I wish to express 
our appreciation to those who partici- 
pated in the discussion. There is one 
point, however, which has not been men- 
tioned in the oral discussion, and which 
we feel is sufficiently important to set 
forth in the following paragraphs 


author's closure The 


It seems to be generally agreed that 
the physical properties obtained from 
standard test castings of red brass and 
gun metal do not represent the properties 
of the sand casting. Let us assume this to 
be correct and consider the data from 
another angle. Suppose there is a job on 
hand to make a casting containing some 
heavy sections with red brass or gun 
metal. This particular casting is to be 
sound throughout, to withstand hydrau- 
lic pressure, and to merit government 
tensile requirements. 

The data in the paper show that the 
use of chills equivalent to the size and 


101 


volume of the section to be chilled in 
creases density and tensile properties to 
a considerable extent, thereby increasing 
pressure tightness, soundness, and tensile 
strength of castings normally cast against 
sand. It would therefore seem reasonable 
to consider the use of chills in the manu- 
facture of the above-mentioned castings 
other factors governing the production of 
a satisfactory casting being favorable to 
the use of chills 

Mr. Eggleston has brought out an im- 
portant point concerning the reason why 
the physical properties of 85-5-5-5 alloy 
was very susceptible while the physical 
properties of gun metal and manganese 
bronze varied to a limited extent only 
with changes in cross sectional areas. The 
results of an extensive investigation on 
gun metal, “M” metal, and red brass 
were reported in the literature in 1943* 
The data were obtained from a number 
of heats so that a statistical analysis 
could be made. It was shown that 
changes in pouring temperature affected 
the properties of red brass to the greatest 
extent, while “M’”’ metal and gun metal 
were affected the least, gun metal being 
the least affected 

The alloys seem to line up in ac- 
cordance with lead content, with the 
85-5-5-5 alloy, carrying the most lead, 
being affected to the greatest extent. It is 
quite possible that the lead content of 
the alloy has an important bearing on 
Mr. Eggleston's question. It would be in- 
teresting to continue this study on a 
lead-free 85-5-5-5 alloy to check this 
point. 

*A. H. Hesse and J. L. Basil, “‘Nickel in 


Bronze,’’ JougsNaL or THE AMERICAN Society oF 
Navat Enorneers, vol. 55, no. 1, Feb. (1943) 
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AT THE PRESENT TIME the ac- 
cepted test for evaluating the clay 
substance in a molding sand is the 
American Foundrymen’s Associa- 
tion standard sedimentation meth- 
od. This test is of limited value be- 
cause the definition of clay sub- 
stance as a material composed of 
particles less than 20 microns is pure- 
ly arbitrary. In addition, the test 
yields no information on the dis- 
tribution of the subsieve particles 
contained in the sand. These limi- 
tations are recognized by the A.F.A. 
and, according to the Founpry 
Sano Testinc Hanpsoox’, this 
method “has as its principal defect 
the inability to separate fine silt 
from true clay. This accounts for 
the fact that two sands with the 
same A.F.A. clay content may have 
different properties.” 

Morey and Taylor? have ably 
demonstrated that the present 
A.F.A. method does not give an 
adequate evaluation of molding 
sand. 

As far as it is known to the au- 
thors the first contribution on the 
subject of determining the size dis- 
tribution of the subsieve particles in 
molding sand was presented by 
Jackson and Saeger*. In their pio- 
neer work they used a pipette meth- 
od and showed that this method 


Presented at a Sand Research Session 
of the Fifticth Annual Meeting, Ameri- 
can Foundrymen’s Association, at Cleve- 
land, May 8, 1946. 








was readily adaptable to the deter- 
mination of the fineness of molding 
sand. The objective of the present 
investigation was to compare three 
different methods of making fine- 
ness determinations on molding 
sands. 

Albany and Lumberton molding 
sands were employed in this investi- 
gation. ‘ihe, samples were thor- 
oughly mixed, riddled, mulled at a 
low moisture content, and stored in 
mason jars prior to use. The spe- 
cific gravities of the sands were de- 
termined by the standard method 
for specific gravity of soil‘. The 
average values for the specific grav- 
ities of Albany and Lumberton 
sands were found to be 2.698 and 
2.676, respectively. The sands 
tested were dispersed in distilled 
water and a sodium hydroxide solu- 
tion used as a deflocculating agent. 


Metheds and Results 
The essential principle of the 
fineness test methods used in this 
investigation is sedimentation. 
When solid particles of various 
sizes are dispersed in a liquid medi- 
um and then allowed to settle free- 





ly, a definite relationship exists he. 
tween the diameter of the particles 
the density of the particles, th 
density of the liquid, the viscosity 
of the liquid, and the distance that 
each particle settles in unit time 
This relationship is expressed math- 
ematically by Stokes’ law which 
may be written: 





po ~ 30nL 
980 (G—G,)T 
where 
d = maximum diameter of 
particle in millimeters, 
n = coefficient of viscosity « 


the suspending medium ir 
poises (varies with changes 


in temperature of the sus- 


pending medium), 


L depth of settling in centt- 


meters. 


T time in minutes (period o! 


sedimentation) , 


G = specific gravity of sand 


particles, 


| 


G, = specific gravity of the sus 


pending medium 


Although Stokes’ law applies par- 
ticularly to spherical particles, An- 








It is recognized that the present American Foundrymen's 

Association sand fineness test method is not entirely satis- 
factory since sands with the same A.F.A. classification may have 
different properties. In view of this fact other methods have 
been proposed, but little has been published on this subject. 
The present investigation was prompted by the need for more 
data, the primary purpose being to evaluate the merits of the 
ordinary pipette, the Andreasen pipette, and the hydrometer 
methods in making fineness determinations on Albany and Lum- 
berton molding sands. The hydrometer method, which is de 
scribed in detail, was found to be preferable because it yields 
satisfactory results conveniently in a minimum of time. 
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Table 1 
rHE REGULAR PIPETTE Test oN LUMBERTON SAND 
Diameter “‘d’’ 

—in microns—— 

Read Corrected 

from according 
Time, nomo- to sp gr W; W —0.0095 P, 100—P 

min graph of sand grams grams % o% 
2 31.8 0.2672 0.2577 20.6 79.4 
5 20.0 0.2509 0.2414 19.3 80.7 
15 11.5 0.2365 0.2270 18.2 81.8 
50 8.2 ‘ 0.2314 0.2219 17.7 82.3 
60 5.8 5.7 0.2243 0.2148 17.2 82.8 
250 2.9 2 0.2152 0.2057 16.4 83.6 
) 1440 1.2 ] 0.2081 0.1986 15.9 84.1 
—— 

hown that it can be shaken thoroughly for 1 min. and 
ular or cubical par- the cylinder placed on a level sur- 
e weight face to allow uniform undisturbed 
Reg tte, Andreasen pi- settling. A stop watch was immedi- 


ometer methods were 

this investigation. 

Pit Uethod. When solid par- 
us sizes are dispersed 
nedium and then al- 
tle freely, the relative 

individual particles 

a fixed time depends 

provided that the 
f the same density and 

mperature remains constant. If 
ple is taken after a stated time 
specified level, the concen- 

tion of the solid particles in the 
will be less than the original 
entration by the weight of the 
rger particles that have settled out 
the test zone. The maximum par- 
size present in the sample can 

be calculated with the aid of the 

Stokes formula and, if several sam- 

s are taken at suitable time inter- 
data may be obtained for 
tting a particle size distribution 
ive for the material undergoing 
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Regular Pipette Method. This 
thod was used by Jackson and 
Saeger® and has been described in 
tail in the ir paper. 


Test Procedure 
rimental Details. A 50-gram 
ple of oven-dried sand was 
laced in a l-qt. mason jar with 25 
per cent sodium hydroxide 
ition and 475 ml distilled water 
dispersed for 5 min. with an 
ctric stirrer equipped with vertical 
baffles. The mixture was then trans- 
tred into a 1-liter cylinder by re- 
peated washings with distilled water. 
Addit | distilled water was added 
to bring the volume of the suspen- 
| liter. The mixture was 


ately started and samples were with- 
drawn at intervals of 2, 5, 15, 30 
60, 250, and 1440 min. The tip of 
the pipette was inserted in the mix- 
ture to a settling depth “L” of 5 
in. (12.7 cm). After the sample had 
been withdrawn, the pipette was 
rinsed with distilled water and the 
rinsings added to the sample in a 
weighed evaporating dish. The tem- 
perature of the mixture was deter- 
mined at the time that each sample 
was withdrawn. 


Correction Factors 

The samples were evaporated to 
dryness in an oven at 105 C, cooled 
in a desiccator, and weighed for the 
determination of solids. The weight 
of each dried sample was corrected 
for the amount of NaOH which was 
present in the sample. This correc- 
tion could not be based on the cal- 
culated concentration of NaOH in 
the sample but had to be determined 
experimentally. It was found to be 
—0.0095 grams for each sample. 
The percentage of particles remain- 
ing in suspension at the time the 
sample was taken was determined 

from the simple formula: 

W, — 0.0095 


x 100 
P W 





where 
W, = weight of dried sample 
WwW weight of sand originally 
dispersed in 25 ml. Since 
50 grams were dispersed 
in 1000 ml and a 25-ml 
sample was withdrawn, 
50 X 25 - 
W —jn00 1.25 grams. 
The maximum particle size pres- 
ent in each sample was calculated 








105 














from Stokes’ law by substituting in 
the correct values for time tempera- 
ture, settling depth, specific gravity 
of the sand, etc. This computation 
was simplified considerably by the 
use of a nomographic chart such as 
that used by Jackson and Saeger 
This nomograph was constructed for 
use with a sand having a specifi 
Since the 


sands used wert 


gravity of 2.650 specific 
gravities of the 
slightly higher than this value (Al- 
bany, 2.698; Lumberton, 2.676). a 
correction was made for this differ- 
ence. This correction was calculated 
from the simple relationship derived 
from the Stokes formula 
1.65 
sp gr l 


Specific gravity 





correction \ 


For each of the 


correction factor amounted to 0.99 


sands used the 
rhis factor multiplied by the diam- 
eter obtained from the nomograph 
gives the true value of “d.”” Obvious- 
ly this correction is quite small and 
need not be made except when ex- 
treme accuracy is required 

After the last sample was with- 
drawn the mixture remaining in the 
cylinder was wet-screened on a No 
270 sieve under a light stream of 
tap water for 5 min. and then oven- 
dried on the same screen. The dried 
from the 
sieved, and the 


sample was removed 


screen, weighed, 
weights of the fractions collected on 
each sieve were determined in the 
usual way. 

The complete distribution of par- 
ticle sizes as determined both by 
the sieving test and by the pipett« 
determination is represented most 
conveniently by a cumulative curve. 





Table 2 
RESULTS OF SIEVE ANALYSIS AFTER 
COMPLETING Pipette TEST ON 
LUMBERTON SAND (TABLE ! 


Sieve Retained on Sieve Accumulat 
No. grams % ‘ 
12 0.24 0.5 0.5 
20 2.31 4.6 5.1 
30 2.57 5.1 10.2 
40 4.30 8.6 13.8 
50 5.60 11.2 30.0 
70 8.24 16.5 46.5 
100 8.01 16.0 62.5 
140 3.96 5.9 68.4 

200 2.66 5.3 73.7 

270 0.66 1.3 75.0 

Pan 0.16 0.3 

39.23 
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DISTRIBUTION OF PARTICLE 
SIZE IN LUMBERTON SANO 
DETERMINED BY REGULAR 

PIPETTE METHOD 


(3 TRIALS) 
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Fig. 1—Results of fineness tests on Lumberton molding sand by the regular 
pipette method. 


The accumulated amount  (ex- 
pressed in percentages) that would 
be retained on each successively 
finer sieve is plotted on a semi- 
logarithmic graph paper against the 
diameter of the sieve opening. The 
percentage in each case refers to the 
particles coarser than the specified 
size. In the subsieve range the data 
obtained by the pipette method spec- 


Fig. 2 


ify the percentage (P) of the test 
sample representing particles finer 
than a specified diameter. Therefore, 
in each instance the value, 100%—P, 
represents the fraction of particles 
coarser than the specified size. 
Results Obtained. Three determi- 
nations were made on both the Al- 
bany and the Lumberton sands by 
the regular pipette method. The 


-Results of fineness tests on Albany molding sand by the regular pi- 


pette method. 
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data were tabulated 
tive curves plotted. A 
sheet showing the resu 
one of these tests is 
Tables 1 and 2. Th 
curves related to the ; 
tests are shown in Fig 
Andreasen Pipett. 
Andreasen apparatus 
sists of a glass cylinder 
a ground | 
which passes the stem . 
The cylinder has a cap 
proximately 643 ml wher 
the upper mark on th: 
pipette extends 20 cm 


glass Sto} 
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Fig. 3 


Sketch of Andreasen pipette 


upper scale mark and ends at th 
level of the zero mark (4 cm Iron 
the bottom). The pipette has 2 
capacity of approximately 1 0 
and is provided with a_ three-waj 
stopcock and spout. The volume de- 
livered by the Andreasen pipette 
bulb used in these tests was foun 
to be 10.02 ml. The Andreaser 
pipette method is theoretically mor 
accurate than the regular pipet 
method since the pipette remains ™ 
the cylinder throughout the ‘ 
and the suspension is not disturbe¢ 

Experimental Details. A 25-gra™ 
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Table 3 
1» ANDREASEN Pipette TEST ON LUMBERTON SAND 
d, W,, W,—0.0031, Fr, 100—P, 
microns grams grams % % 
43.1 0.0861 0.0830 21.2 78.8 
65 27.0 0.0808 0.0777 20.0 80.0 
15.5 0.0760 0.0759 19.5 80.5 
5 10.8 0.0726 0.0693 17.9 82.1 
f 7.6 0.0712 0.0681 17.5 82.5 
) 3.7 0.0681 0.0650 16.7 83.3 
9 1.5 0.0644 0.0613 15.8 84.2 
— 
. oven-dried sand was amount of sodium hydroxide present 
ced mason jar with 300 ml in the sample (determined experi- 
distilled water and 15 ml of 1% mentally to be —0.0031 grams). 
odium hydroxide solution. After 5 The percentage of material stil] in 


sin. of agitation the mixture was 
nsferred carefully into the An- 
vlinder and additional wa- 
up to the 20-cm 


suspension was obtained by consid- 
ering the weight of solids in the sam- 
ple as compared with the amount 
present in a similar volume imme- 
diately after the sand was dispersed. 
Since 25 grams of sand were dis- 
persed in a volume of 643 ml, the 
amount of sand in 10.02 ml was 


was dded 

I ark 
The cylinder was placed in a con- 
sant-temperature bath and allowed 
remain there until the mixture 
required temperature 95 


——> 10.02 : 
643 10.0 


The percentage of material in sus- 
pension was obtained from the for- 


reached the 
67 F). The cylinder was then re- 
moved from the water bath and, 
with the stopper in place, the mix- 
ture was shaken for 1 min. Imme- 
diately after this operation the cyl- 
inder was returned to the constant- 
mperature bath and a stop watch 
started. Samples were then with- 
lrawn at specified time intervals 
nd placed in an evaporating dish 
ist as in the regular pipette meth- 
d. The bulb of the pipette was 
rinsed with distilled water and these 
rinsings added to the sample in the 
evaporating dish. Each sample was 
then evaporated to dryness, cooled, 
ind weighed. The weight of each oni na - 


0.389 gram. 


mula 
W,—0.0031 
W 
as was shown in the discussion of the 
regular pipette method. 
The maximum diameter of the 
particles remaining in suspension at 


P = x 100, 
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50 40 
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Fig. 4—Results of fineness tests on Lumberton molding sand by the Andrea- 
sen pipette method. 
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the time of taking the sample was 
calculated from Stokes’ 
consideration being given to the fact 
that the level of the 
changes after each withdrawal 





formula, 






suspension 







The mixture remaining in the pi- 
pette cylinder after withdrawing the 
last (1440 min. 
on a No. 270 sieve for 5 min., dried, 





sample was washed 







and sieved in the usual manner. The 





cumulative curve was then plotted 





as described previously. 

Results Obtained. A sample data 
sheet showing the results obtained 
in one of the Andreasen 
tests is given in Tables 3 and 4 and 
the cumulative curves are presented 
on Figs. 4 and 5. 

Hydrometer Method. The hy- 
drometer method was introduced as 
a means of making fineness deter- 
mination of soils by Bouyoucos*® in 
1927. The procedure is relatively 
simple and consists of making hy- 
drometer readings on a suspension 
of the sand in question at predeter- 
mined intervals of time. Both the 
settling depth and the percentage of 
material in suspension can be ob- 
tained from the hydrometer reading 
It should be pointed out that in a 






pipette 


















suspension containing particles of 
various sizes, a density gradient will 
develop during settling. Consequent- 
ly, a hydrometer which measures the 
specific gravity of the suspension will 
give a reading which represents the 
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dried sample was corrected for the +— 





Table 4 

ResuLts oF Steve ANALYSIS AFTER - 
ComPLETING ANDREASEN PIPETTE 

Test oN LuMBERTON SAND Pi 
Steve Retained on Sieve— Accumulative z 704 
No grams % - 
12 0.10 0.4 0.4 = 604 
20 1.24 5.0 5.4 — 
3 1.27 5.1 10.5 s 
‘ 1.94 7.8 18.3 ry 404 
5 3.16 12.6 30.9 
+.28 17.1 48.0 TT 
10 3.83 15.3 63.3 wad 
I4 2.00 8.3 71.6 
0 1.18 4.7 76.3 104 
‘ 0.51 2.0 78.3 
Pan 0.14 0.6 eo" 
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Fig. 5—Results of fineness tests on Albany molding sand by the Andreasen 





average specific gravity and, there- 
fore, the average composition of the 
vertical zone occupied by the bulb. 
The settling depth depends on the 
distance from the surface of the sus- 
pension to the center of buoyancy of 
the hydrometer, and this distance 
changes during the course of a de- 
termination, The method of calibrat- 
ing the hydrometer for evaluating 
the settling depths for different 
scale readings will be discussed la- 
ter. 

The standard equipment consists 
of a hydrometer and a glass cylinder 
of 18-in. height, 2.34-in. (5.85-cm) 
diameter, and graduated for a vol- 
ume of 1000 ml. 

Two types of hydrometers are 
available for this work; (1) a gram 
concentration hydrometer, graduated 
in grams of soil or sand per liter, 
and (2) a specific gravity hydrom- 
eter. In the present work all of the 
hydrometer tests were made with the 
gram concentration hydrometer. 

Experimental Details. A 50-gram 
sample of oven-dried sand was 
placed in a 1-qt. mason jar with 25 
ml of 3% sodium hydroxide solution 
and 475 ml distilled water and dis- 
persed for 5 min. with an electric 
stirrer equipped with vertical baffles. 
The mixture was then transferred 
carefully into the liter cylinder. Ad- 
ditional distilled water was added 
until the level of the mixture reached 


pipette method. 


the liter mark on the cylinder. The 
cylinder was placed in a constant- 
temperature bath and allowed to re- 
main there until the mixture reached 
the required temperature (67 F). 
The cylinder was then removed from 
the water bath and, with the top 
closed by the palm of the operator’s 
hand, the mixture shaken thorough- 
ly for | min. by turning the cylinder 
end over end. Immediately after this 
operation the cylinder was returned 
to the constant-temperature bath 
and a stop watch started. Successive 
hydrometer readings were taken at 
the top of the meniscus at the same 
time intervals as in the pipette tests. 

After each reading the hydrometer 
was removed from the mixture, 
cleaned, and placed in a distilled wa- 
ter container in the constant-tem- 
perature bath until the time for the 
next reading. This removal was nec- 
essary to permit free settling of the 
suspension and to prevent adherence 
of the particles to the hydrometer. 

Determination of the Maximum 
Diameter of Sand Particles in the 
Sampling Zone. The computation of 
results involves two separate opera- 
tions: (a) the determination of the 
maximum size of the particles in 
suspension, and (b) the determina- 
tion of the percentage of dispersed 


Fig. 6—Photographs showing gram 
concentration hydrometers. 
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particles remaining j; 
a given time. 

The settling depth i: 
eter determination dep 
dimensions of the hy 
upon the level at whi: 
rest in a given suspensi 

The effective depth 


of the hydrometer at 


tation time was define: 
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nth of the center of 


drometer bulb, as it 
ired from the liquid 
hvdrometer absent. 
sation of this depth 
ter reading requires 
e and dimensions of 
and the 
the containe1 
the effective depth 
riven by Klein‘ 


CTOSS-SCC- 


used 
and 
Vv 
\ 
ve depth of immer- 


the 
s10n level and the top 


nce between SUuS- 
he hydrometer bulb, 
th of the hydrometer 
ume of the hydrometer 
-sectional area of con- 
V over A) is a 
the change in the dis- 
surface of the 
center of the sampling 


sus- 


the hydrometer is re- 
the suspension. The dis- 
the surface of the sus- 
the center of volume is a 

depth only when the 


Determination of settling depth “L” of d 
hydrometer test. tlin 


harticles in the 


hydrometer is in suspension. It may 
be seen that the hydromet r bulb is 
here assumed to be of a symmetrical 
shape and the center of its volu 

is taken at the midpoint of the bulb 
Actually 
seldom 


the hydrometer bulbs az 
symmetrical (Fig. 6 
therefore, the center of volum: 


be determined « xperimentally 


Center of Volume 

The following method® for locat- 
ing the center of volume was used 
for this purpose in the present inves- 
tigation. A graduated cylinder was 
filled with water and the volume of 
Che 
was then immersed in steps 


2 cm 


water recorded hydrometer 
usually 
and the water level at each 
step recorded. The volume readings 
were plotted against corresponding 
depth of immersion readings and a 
“depth of immersion versus volun 
curve drawn. The center of volum« 
of a given hydrometer was dete 
mined as a point on this curve, cor- 
responding to one-half of the total 
volume of water displaced by the 
hydrometer. 

The method for locating the cen- 
hydron - 


Fig. 7 


represent the distance 


ter of volume of one of the 
eters is shown by a 

If we let “l”’ 
from the surface of the suspension to 


curve 


the center of volume as determined 


F; 9 A ”? 
depth, 


" 
sand wi 





READING 


Bee sees evs 
CM 


HYDROMFE TER 


oVaT ch 


time of settlir 


+) 


—— “, 


settling, the 


the effec- 
following 


in this manner, 
tive depth of 


relationship will hold 


\ 
L =1— > 


where “V” 


drometer bulb and “A” 


is the volume of the hy- 


1S the cross 
’ 

sectiona! area of the containe1 

discussed 


for the 


In the example (Fig 
in the foregoing, \ 89 cx 
and 


hydrometer used 


He nce: 


1.65 cm 


particular 
\ 27.03 cm? 
L, l 
[his correction of 1.65 cm for 
used is 
the 
7 so that values for “L” 
the 


For example, 


the particular hydrometer 


incorporated into the scale at 
right of Fig 
directly from 


may be obtained 


hydromete1 readings 
for the hydrometer reading of 2.6 
“L” is 12.0 cm; for 


the 


a reading of 9 
“L” distance is 8.0 cm, etc. 


Grain Diameter 
Knowing the settling depth “L” 
the maximum grain diameter can be 
calculated according to Stokes’ for- 
mula given in the foregoing 
In order to simplify the computa- 
the 
the parti les present at a 
the the 
graph shown in Fig. 8 may be 


tion of maximum diameter of 


distance 


“L” from surface, nomo- 


ciii- 
yloyed. This nomograph furnishes a 
| | 


convenient means for determining 


ing relationshipP between sel- 


ig and particle diameter of 


th reference to hydromete? test 
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Table 5 
VALUES’ OF CONSTANT “A 


Specific 

Gravity 

of Sand Constant 
«q” 
0.94 
0.96 
0.98 
1.00 
1.02 
1.05 
1.08 





Table 6 


RESULTS OF HyDROMETER TEST ON LUMBERTON San: 


Electro- 
Scale lyte 
Correc- Correc- 
Reading tion 1 


11.6 “a7 
11.1 =i 
10.6 —1.0 
10.4 ie 
10.0 —ie 
9.7 “is 
9.4 “iz 


Diameter “‘d’’ 
—in microns— 
Corrected 
Read According 
from to 
nomo- Sp er 
graph of sand 


25.4 25.1 





the interrelation of time of settling, 
“T” (min.), distance, “L” (cm), 
and particle diameter “d” (mi- 
crons). A straight line across the 
three branches of the nomograph in- 
dicates the foregoing interrelation; 
for example, the broken line in Fig. 
8 shows that after 5 min. at a set- 
tling depth of 8 cm, the suspension 
at that depth will be free from all 
particles larger than 17 microns in 
maximum diameter. 

It should be noted that in con- 
structing this nomograph it was as- 


corresponding to different hydrom- 

eter readings are calculated’® accord- 

ing to the following formula: 
(R+ AR)a 


P = < 106 
Ww 100 





where 

P = percentage of originally 
dispersed sand remaining 
in suspension at a dis- 
tance “L” below the sur- 
face, 
corrected hydrometer 
reading. (Before substi- 
tuting “R” into this for- 


mentally and found to }y 
—1.4 when 25 ml of % 
sodium hydroxide wa 
present in | liter 
temperature correction {o 
hydrometer reading. (Fo, 
a temperature of 67 | 
this correction is zer 
weight in grams of oven. 
dried sand originally dis. 
persed (usually 50 grams 

= constant depending on th: 
specific gravity of the 
sand particles. 


6699 


The values “a” when referred 
different values of the specific gray- 
ity of soil or sand particles “G” ar 
given in Table 5*°. It is sufficiently 
accurate for ordinary sand tests t 

6699 


select a value for “a” for the specifi 
gravity nearest to that of the par- 


sumed that the test was carried out 
at the constant temperature of 67 F, 
and that the specific gravity of the 
sand was 2.65. Since the specific 
gravities of the sands used were 
somewhat different from this value, 
the maximum diameters “d” should 
be corrected, as explained previously 
(with reference to the regular pi- 
pette test). 

Determination of the Percentage 
of Dispersed Sand Particles Remain- 
ing in Suspension. For the gram con- 
centration hydrometer the percent- 0 a. oe 6 4 
ages of dispersed sand in suspensions 


mula, it was necessary to 
correct for the sodium 
hydroxide that was used 
as deflocculating agent 
for the suspension. This 
correction was calculated 
and also checked experi- 


Fig. 9—Results of fineness tests on Lumberton molding sand by the hydron- 
eter method. 
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Table 7 
ResuLts oF SrevE ANALYsts AFTER 
ComMPLETING HyDROMETER TEST ON 
LUMBERTON SAND 


Sieve —Retained on Sieve—. Accumulative 
? oO 


No. grams % % 
12 0.23 0.5 0.5 
20 2.14 4.3 4.8 
30 2.57 5.1 9.9 
40 a 7.6 172 
50 ».06 12.1 29.6 
70 . 17.5 47.1 
100 Yh 62.7 (3 TRIALS) 
140 ; i 71.0 
200 ; ’ 75.8 
270 A : 77.8 
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F 11—Cumulative curves showing results of finenes 





of fineness tests on Albany molding 


by the hydrometer method. tests on Lumberton molding sand by three methods 










sted. For both the Al- These graphs (Figs. 11 and 12 volves simply taking a hydrometet 
Lumberton sands this val- indicate that there was a good reading and then referring to simple 
Therefore, agreement between the average cu- charts for obtaining the values for 

99R mulative curves representing the dif- the limiting particle size according 

P= —— X 100 1.98R ferent methods of analysis. to Stokes’ law, while the percentage 





yt) 





of material still in suspension is ob- 





The authors believe, therefore, 
that any of the methods employed is 





tained from a simple calculation. 





P ercentage of originally dis- 










persed sand remaining in satisfactory for this purpose. In se- The pipette tests are more time 
meen oho dite lecting a method to be used, one consuming chiefly because of the 

1” below the surface, should @pnsider the laboratory skill time required in evaporating, drying, 

R orvected thudwameter send and technique required for each cooling, and weighing. However, in 
procedure, the time involved for the regular pipette test no special 

Resull ‘Obtained. Theon tects testing, and equipment available. equipment is required other than 

run on each of the two mold- The hydrometer method seems to that in the chemical laboratory. 
g sands. Cumulative curves for be the most convenient since it in- The Andreasen pipette method, 






these tests are shown in Figs. 9 and 
A sample data sheet giving in de- 
| the results obtained in one of 
the hydrometer tests is presented in 


rou 5 
Lables 0 and /. 





Fig. 12—Cumulative curves showing results of fineness tests on Albany mold- 
ing sand by three methods. 











































[he scale of the hydrometer used Ee So 

these tests was calibrated and a 900 400 0 S040 30 & ae LB 
suitable correction was made (see 1 a . 
Appendix 

Summary and Conclusion 

Examination of the results ob- 100 7 
tained on each sand in three deter- ad oa 
minations by the same method (Figs. > att oy ae 

2, +, 5, 9 and 10) indicates a hes Sf 
rather high degree -of precision. For 2 n+ “i 

tdinary purposes, therefore, a single . - Jr ‘ 
etermination by a reasonably care- . / DISTRIBUTION OF PARTICLE 

! operator would be sufficient to 5 = 7E IN ALBANY SAND A 

‘tablish the distribution of particle = 404 / a ow gh oly ‘ 
‘ze lor a given sand in the subsieve / — j —- CORENSTER | SETENS ' 
ange j panty ———— bag — by — 

— ANOREASEN PIPETTE METHOD 

In order to compare the fineness chy 4 
‘est results obtained by the three dif- 10 4 / 
‘erent methods used in this study, a . es 
farts were prepared showing the 
werage results by each method for m 30 40 $0 70 100 140 200 270 





hoth I} 
oth Albany and Lumberton sands. SIEVE NUMBER 
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RELATIONSHIP BETWEEN READING ON GRAM 
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Fig. 13—Graph for converting spe 


cific gravity values to equivalent 
readings on the gram concentration 


scale. 


which involves special apparatus, is 
theoretically more accurate than the 
regular method since the 
stem remains in the cylinder through- 
out the test and the suspension is not 
disturbed. The fact that the stem of 
the pipette is stationary, however, 


might appear to introduce an error, 


pipette 


was carried out in the usual manner 
except that two samples instead of 
one were withdrawn after each set- 
tling period. The results were in 
good agreement indicating that no 
appreciable error was introduced 
from this source. 

Experience in the authors’ labora- 
tory with the different methods of 
determining distribution of particle 
size in the clay fractions of foundry 
sands indicates that the hydrometer 
method is preferable because it 
yields satisfactory results convenient- 
ly in a minimum of time. 


Appendix 

Calibration of Hydrometer Scale. 
The scale of each hydrometer should 
be calibrated for precise work. Es- 
sentially this involves the testing of 
the hydrometer in solutions of known 
specific gravities in the range in 
which the instrument is to be used. 
The relationship between the “R” 
readings of the gram concentration 
hvdrometer and the corresponding 
values for specific gravity may be 
obtained from the formulas’® that 
are used for calculating the percent- 
age of material in suspension from 
readings on the gram concentration 
hydrometer 








: sat ; A a. 
since some liquid remains in the P aa X 100 
stem after each sampling and is al- W 
ways drawn up into the bulb as a and on the specific gravity hydrom- 
part of the next sample. The pos- eter 

ible error » to this source would, “ne 1c 
sik le error due to this s urce Vv 1606 (Sp g—1)a 
of course, be quite small. This was Ww 100 
demonstrated in a special experi- 
ment in which the determination Thus R 1606 (sp gr —1). This 
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; CORRECTED READING 
Fig. 14—/(left) Specific gravities of aqueous sodium chloride solution 
at 67 F. 
Fig. 15—(right) Graph for obtaining corrected readings from scale 
readings on gram concentration hydrometer. 
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Table 8 


DENSITY VALUES oF S ue ( 
RIDE SOLUTIONS ArT ] 
TEMPERATUR 


NaCl 
Concentra- Densit 
tion by ——————— gra 
Weight, % 10C (50F) 20¢ 
1 1.00707 1.005 4 
2 1.01442 1.01 , 
4 1.02920 1 .02¢ 
Table 9 
DENSITY AND SPECIFIC Gay 
VALUES OF SopiuM CHLonrune So; 
TIONS AT TEMPERA’ 
67 F (194C 
NaCl 
Concentra- Densities, a 
tion, % grams/ml { f 09 
0 0.99835 1.0 
l 1.00546 1.00712 
2 1.01259 1.0142¢ 
4 1.02696 1.02866 





relationship between “R” and 
cific gravity is shown for a rang 
values by the graph in Fig 
The zero point of the gram 
centration hydrometer | 
checked by making a reading 
boiled distilled water at 67 F, wher 
as sodium chloride 
known concentrations are suit 
for checking other point: 


] 
solutions 


scale. 

Density values for aqueous 
tions of sodium chloride (1, 2 
4% NaCl) at temperatures of 
20, and 25 C obtained from the In- 
ternational Critical Tables 
shown in Table 8. From these value: 
the densities at 67 F (19.4 ¢ 
obtained by interpolation and 
corresponding specific gravities 
culated (Table 9). The relations! 
between concentration of  sodiu 
chloride and specific gravity at 67 F 
is shown in Fig. 14. 

Three or more sodium 
solutions of the desired concentra 
tions are carefully prepared, using 
dried C.P. sodium chlorid 
boiled distilled water. The exact “R’ 
values (gram concentration rea 
ings) at 67 F for each solution 
obtained by referring to Figs. 1+ an¢ 
13, respectively. These solutions att 


chloride 


brought to a temperature of © F 
and hydrometer readings made, & 
ercising the same precautions ™ 

£ the 


ommended for the regular use o! © 
hydrometer. The actual hydromettt 
readings are plotted against the tru 
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os, as shown in Fig. 


correction for any 


the hydrometer may 
this graph. 
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DISCUSSION 
Chatrmar B. H. Bootru, Carpent 
Brothers, In Milwaulh W 
Co-Chairman R. |} Morey, Naval 
Research Laboratory, Washington, D. ¢ 
BooTu We have 


these hydrometer tests at various times 


(.HAIRMAN tried 


in our laboratory I wouid like to ask 
if you have noticed any difference be 
tween the grade of sand, e.g., a heavy 
grade of sand with high clay content, 


and a light grade like Albany sand with 
Would there be any 


> 
accuracy 


low clay content? 
difference in the 

Co-CHAIRMAN Morey As long as 
your technique is correct, you can test 


other Wie 


materials with 


the one as accurately as the 
have tested successfully 
as much as 40 to 50 per cent of a very 
strong clay, and others with as low as 
one or two per cent clay If the clay 
goes below that, we do not attempt to 


make many tests 
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GRAY IRON CASTINGS 












J. A. Griffin 
Supervisor, Welding Salvage 


Pontiac Motor Co. 
Pontiac, Mich. 


IT Is THE AUTHOR’S intention 
to bring out certain procedures and 
tried methods of salvaging gray iron 
castings through welding, brazing, 
arc, cylinder bore welding, soldering 
and plugging. 

The tests for break load and de- 
flection of welded and brazed speci- 
mens proved to be extremely inter- 
esting. The simple method used in 
the first experiment should be valu- 
able in measuring the value of weld- 
ers and materials used. 

Brazing of cast 
finished and semi-finished cylinder 
blocks, a method being used by the 
author as a reliable means of repair, 
will be discussed in detail. The pho- 
tographs shown in the paper are 
those of actual repairs which re- 
turned the castings to production. 

The photomicrographs show just 
what happens in the welding of cast 
iron. The discussion on the pres- 
ence of high phosphorus in the weld- 
ing rod and the weld itself should 
clear up some ideas as to its harm- 
ful effects from a physical stand- 
point. 


iron, especially 


Furnaces. The preheat furnace 
should be of the continuous or 
pusher type. It should be long and 
narrow, the length being sufficient 
to allow at least 1% hr. heating 
time. The temperature at the end 
where the castings are entered 


should be as low as possible (about 
350° F.). It should have no lighted 


burners closer than 8 ft. from the 





entrance. There are two heating 
zones, the first at about 800° F., and 
then the final zone or end of the 
furnace (1000 to 1100° F.). 

This need not be an expensive 
furnace; in fact, one of the furnaces 
used by the writer consists of three 
bat: h-type furnaces placed end to 
end. The cold end was then added. 
Two placed 
through the furnace, allowing the 
cylinder blocks to slide, and trays 
were made for smaller castings. Two 
air pushers are used. 

The cold end is the most impor- 
tant part of the furnace. This 
was added after many unsuccessful 
attempts at welding castings of com- 
plex design, although baffle plates 
and other means of diverting the 
heat from the light or heavy sections 
were used. Double-jacket castings 
are the most difficult to weld, but 
with the previously described fur- 
nace no difficulty was encountered 
with castings weighing up to 560 Ib. 

The furnace may be fired either 
by oil or gas, equally good results 
being obtained. The steel rails must 
be replaced almost every year. How- 
ever, these may be cast in the found- 
ry in castings of 4-ft. lengths. The 
rail has male and female ends to 


rows of rails were 








How good is a weld? 

Is it as good as the 
parent metal? Methods of 
gray iron casting repair and 
salvage have been devel- 
oped to the point of pro- 
viding satisfactory answers 
to these questions. 











interlock for prevention of buckling 
The dimensions are smaller at 

end to allow blocks to slide fro; 

to another without binding. A 

alloy as possible should be used ; 


ST } 
Lucy 


prevent corrosion and scale. The 
rails will give added wear and 1 
be replaced in sections as needed 


One of these rail castings is showy 
in Fig. 1. 

Postheating Furnac: Chis 
nace should be as long as possi! 


The lengths are not mentioned be- 
cause they depend upon the produc. 
tion expected; however, the 

heating furnace 
enough to allow the castings to cor 


should _ be 


out at temperatures of not more t! 
700° F., and much lower if possit 
Chis depends entirely upon the t 
of castings being welded. A sing 
line of rails will be sufficient 
one pusher. The temperature at th 
front end of this furnace, for a dis- 
tance of 6-8 ft., should be 100) 
1100° F. 

The best results are obtained if t! 
welders load the furnace and pu: 
the trays or cylinder blocks 
needed. This gives them a chanc 
to remark the defect and get a good 
look at it while cold, which has sev- 
eral advantages. It gives the weld- 
ers full responsibility for the casting 
from the time it is placed in preheat 
until it is welded and placed in post: 
heat. 

Castings are taken directly from 
the hot zone and placed on the weld- 
ing bench with the aid a hoist 
Welding should start immediately: 


Slow welders should not be place¢ 
on this work because the time sper! 
in welding and in getting casting’ 

is very 


into the postheating furnac: 


important. For jacket welds the time 











be not more than 5 
astings should not be 
op below 700° F. and 
to 900° F. 

ed 
Prek d postheat are not for 
of making machinable 
1s bu properly distribute the 
zed heating area and relieve 
may result. Making 
chinable is entirely the 
s responsibility except in cast- 
lesigned that the welder must 
straight down into heavy sec- 


if proper 


such as tappet bosses in cylin- 

cks. In such places the welder 

nable to properly fuse the metal 

elding rod, much less float off 
ind impurities. 

Such cases should be studied and 

ns of salvage used. It is 

ssary to postheat all castings, 

preheat them. This depends 

ly upon design; however, all 

be welded should be pre- 

ted and postheated. All jacket 

should be burned through and 


ighly cleaned with end of rod 
welding. 

his method of cleaning is entire- 

tisfactory except for bad scabs 

buckles. A welder should never 
wed to plaster over a defect. 

hould follow these general rules: 
Use a good commercial flux. 

2) For heavy castings use No. 8 
r No. 10 welding tip. 
\lways use the same torch. 
Use rod free from chill of the 

roximate analysis shown in 


Table 1. 
‘Having proper equipment, next in 
portance are good welders and a 


pable of training them. A 
id is to select a man who 
nterested in welding and has been 
joing od job at grinding and 
nishing welds. It makes little dif- 


frence whether he knows how to 









light a torch or not. Put him in the 
back of the foundry and give him a 
pile of scrap—break some holes in 
small castings and show him how 
they should be welded. 

He should be kept at this for sev- 
eral hours a day, the rest of the time 
working on his own job. If after 
two weeks of welding, file testing and 
grinding this scrap he still shows a 
desire to become a welder, and if the 
foreman is satisfied that he will make 
a good welder, he should be given 
a chance. Place him on the job with 
a good welder or two working the 
kind of castings on which he re- 
ceived his training. Let him pick 
the easier welds for 30 days 

After this training period he 
should be able to take the work as 
it comes. However, it will be some 
time before he is ready for cylinder 
blocks and other jacketed castings 
Welders trained in this manner be- 
come good welders and are always 
on the job. Experienced welders 
employed should go through at least 
a part of this training, not only to 
assure the foreman that they are 
capable but also to familiarize them- 
selves with the castings being pro- 
duced. 

Welders trained in this manner 
have been checked in one foundry, 
and absenteeism for all causes, in- 
cluding sickness, vacations, etc., was 
less than 2 per cent for the year of 
1944. Welding errors were less than 
0.1 per cent. 

Value of Good Welding. In re- 
cent meetings of engineers and 
foundrymen these questions have 


been asked: How good is a weld? 














Is it as good as the parent metal? 
If not, why not? All these questions 
and many more prompted the author 
to make the following tests 

A 3/4-in. hole was drilled in a 
casting. The casting was then pre- 
heated, welded, and _ postheated 
Analyses were made of the parent 
metal, the welding rod Table 1 
and of the welded area. The dif- 
ference in composition between the 
parent metal and the welded area is 
shown in Table 2 

This size of weld, although larger 


than the average weld, when prop- 


Table 1 
WeLpInc Rop ANALYsIs 

Component Per Cent 
Total carbon 3.47 
Silicon 3.07 
Manganese 0.55 
Sulphur 0.08 
Phosphorus 0.61 
Copper None 
Nickel None 
Chromium None 

Table 2 


EFFECT OF WELDING ON 
CoM POSITION 


Compontion, per cent 


Weld 

Parent ing Weld Gain 
Component Metal Rod drea orl 
r.c 3.11 3.47 3.33 0.224 
Silicon 2.59 3.07 2.72 0.134 
Manganese.0.64 0.55 0.55 0.09 
Sulphur 0.18 0.08 0.118 0.062 
Phosphorus.0.14 0.61 0.42 0.284 


None 0.13 0.37 
None 0.07 0.10 


Copper 0.5 
Chromium..0.17 

















erly fused absorbs characteristics of 
the parent metal sufficiently to ac- 
quire physical properties which the 
itself lacks. The weld 


high in phosphorus because the rod 


rod area is 
itself is purposely cast to give more 
fluidity that 
vented. The phosphorus content is 


chilling may be _pre- 


also of some aid to the welder in 
floating off slag and impurities. 

To check the physical character- 
istics which may be more important, 
the fol- 
lowed: Six samples were cut from a 


following procedure was 
cylinder casting weighing 560 Ib. and 
Table 3. 
The specimens were of approxi- 
mately 5-in. length, width 
and 3/16-in. thickness, and are des- 
ignated as A, B, C, D, E and F. 


A and B were broken, 


of the analysis shown in 


3 /4-in. 


Specimens 
preheated, and welded with a rod of 
the analysis shown in Table |. Speci- 
mens C and D were preheated and 
postheated but not welded, E was 
left in the green state, and F was 


Table 3 


ANALYSIS OF TEST SPECIMENS 


Component Per Cent 
Total carbon 3.37 
Graphitic carbon 2.70 
Combined carbon 0.67 
Manganese 0.71 
Silicon .... 2.15 
Sulphur . mn wee Ce, 
Phosphorus 0.092 
Nickel ee 
Chromium 0.12 
Copper 0.20 
Molybdenum 0.07 



















Apparatus for testing rela- 


tive values of welds. 


cut, edges ground and brazed _to- 
The the 


were as near the center as possible. 


gether. welds and braze 
The testing apparatus used is shown 
in Fig. 2, and steel 
block, two 1/2-in. steel pins, which 
may be moved to any centers, and 
a breaking block which is 1'%-in. 
wide with rounded. This 
allows the sample to break at its 


consists of a 


corners 


weakest point. 

The sample is placed as shown in 
Fig. 2, pressure is applied and dial 
noted when sample breaks. An indi- 
cator is placed at the breaking block 
and the deflection noted, which is 
important in evaluating a weld. The 
indicator is not shown, because it 
may be of any type and mounted in 
any way which will record the de- 
flection or break. Three-in. centers 


were used so as to registe! 


deflection as possible 


are shown in Table 4 


The 


results 


show 


tl 


lost none of their physi 


upon being welded. 
be welded using preheat 


if 





Castings 1 


ind 


heat without changing the Brin 


to any great extent. 


The 


fact that 


the brazed specimen shows approx: 


imately the same physical properti 


as the welded specimens is not sur- 


prising to the author: 


indication of the 


brazing. 


merits 


if 


IS a Clear 


Some users of castings do not ‘ik 
the difference in color, and believ 
the quality has been depreciated 


Various other 


made and all showed the sa 


brazing 


tests 


wert 


me com- 


parative results. This does not meat 


that brazing should replace wel 


4) 


siLiS 


but it has a place in the salvaging 


castings, as will be shown 


ter 


al 


Considering the specimens (Tal 
4) from a metallurgical point 
view, sample A was prepared for 


photomicrographs. Figures 
are of the weld area taken 


Table 4 


PHYSICAL PROPERTIES 


Speci- Break 
men Load, ib. 
A 375 
B 400 
Cc 400 
D 370 
E 375 


Defle« 
tion, 1 
0.070 
0.068 
0.078 
0.070 
0.070 


} and 4 


it 100 x 


WELDS 


Brine 
Hardne 
\ 


182 
194 








tive ly These show accurate trom a la ratory point of 


idite and its dis- view lo satisfy the more critical. 
at 1500 X. shows tests were made on a tensile testing 
ite which is neat machine The same device was 
used except that the tensile machin 
tion shown in Fig. was used so that the break load 
veals the mottled could be recorded accurately in lb 
ite, pine graphite in Another group of samples were pre 
rt flakes. and some pared from a cvlinder block of the 
particles of cemen- analysis shown in Table 5 
but most of the These samples were from a 
nt is ferrite. lb. cylinder block which had re 
weld-affected area. mained in the mold 12 min. Sam- 
up to 3/4-in. from ples A and B were broken, pr C } 
‘ ame a 7 
the photomicro- heated, postheated and welded; C 1500X 
taken about | 2-in. and D were preheated and post- 
shows free ferrite heated only: E left in the green 
ed with graphite state: and F was preheated, cut 
‘a Was some- in two and brazed Results ar 
stage during the shown in Table 6 
Little can be From thes results it can b 
me this and, judg- stated that a weld, properly ex- 
checks on physical ecuted. is as sood as the parent 
lj » af Fe 
little if any effect. metal The reason samples of a 
shows the parent 
a slightly dendritic 
gure 9 at 1500 > Table 5 
ture of the pearlite and 
; P ANALYSIS OF TEST SPECIMENS 
free ferrite. 
Componen 
Total carbon . 6 Photomtu TO raph showing 
Graphitic carbon / j = FF }; J ; 
Save a Combined carbon parent metal to have slightly dendni- 
check, it was not Manganes¢ tic structure. LOOX 
Silicon 
Sulphur 
Phosphorus 
Nickel 
Chromium 
Copper 
Molvbdenu: 


simple testing device 
ction with the hard- 


chine (Fig. 2 


Table 6 
PuysicAL PROPERTIES OF WELDS 


Brinell 

S pect- Break De fle Hardne 

men Load, lt tion, w7 No 

A 645 0.062 905 

5992 0.068 200 

535 0.060 205 

537 0.061 200 

685 0.07? 914 

crograph of veld ? 0.068 200 Fig. 7 Area l/y in. from veld shows 


100X free ferrite and graphite 100X 


area shown in Fig. 3 Fig. 5—Lamellar pearlite shown at Fig. 6 Weld junction. Pearlite, 
except 500X. 1500X., graphite, and some free ferrite. 500X. 





Cylinder block casting showing blow at Cylinder block casting showr 
cope pan rail. after repair by brazing. 


Fig. 12—Cylinder block casting rejected because of Fig. 13—Same casting shown in Fig. 12 
shy locating pads. locating pads. 





pper Right Wate? 
rejec ted because of 

Fig. 15 (Above )- 
ding the water pump 
14) with cast-tron flux- 
Fig. 16 (Lower Right) 
imp casting (Figs. 14 and 
no welded and sround. 


thickness of approximately 3/16-in. 
werc used is that about 85 per 
cent of the welding in this foundry 
is done with metal of that thick- 
ness. The brazed sample again 
showed the same comparative re- 
sults. Both brazed samples broke 
about 1/4-in. away from the braze 
and neither showed any fracture at 
the bond 

Brazing Procedure. Castings to 
be repaired in this manner must be 
ground to 


plied t 


solid metal. Flux is ap- 
the welding rod, and good 


quality flux ic important. The cast- 
ing is heated to a dull red at the 


pont to be brazed, keeping heat 
away from the parts liable to be 
affected. The brass then is bonded 
to the parent metal and built up in 
a plastic state as fast as possible. 
An operator without sufficient prac- 
fice to assure a good bond should 
hot be allowed to braze. It requires 
an entirely different technique than 

t welding. Once an oper- 


Cast i 
ator | iastered brazing and uses 


it in the proper places, it is a great 
aid in salvaging cast iron. 

Figure 10 shows a blow at the 
cope pan rail of a finished cylinder 
block. After cleaning out the de- 
fect for repair it was found to run 
into the bolt hole, which makes re- 
pairing difficult by most methods 
This casting was brazed, and the re- 
paired casting is shown in Fig. 11 
A carbon was placed in the bolt 
hole, not screwed in but leaving 
enough stock for retapping without 
any further operation. The entire 
repair job was accomplished in 
18 min. 


Casting Finish 

Figure 12 shows a rough cylinder 
block with shy locating pads. These 
could have been arc welded except 
for the fact that the rail, being high 
in the cope, is rather hard. Arc 
welding aggravates this condition 
and may cause a rough finish, and 
that finish being the main bearing 
race. no chances must be taken 
Machining through the junction of 
a braze may be done without dan- 
ger of encountering hard spots. The 
repaired cylinder block is shown in 
Fig. 13. 

The author has used both Tobin 
and manganese bronze rods in braz- 
ing, with but little difference in the 
results. Either rod is recommended. 














Arc Welding of Cast Iron. This 
operation is of a critical nature be- 
cause of the many types of elec- 
trodes used and the many claims of 
their merits on castings of all de- 
signs and almost any state of com 
Arc welding, when prop- 
erly used, has a valuable place in 
How- 


ever, it should be held well within 


pletion. 


the salvaging of castings. 
its boundaries. 

Arc welding may be divided into 
Preheat 
Cold arc weld- 
Cold ar 


welding finished castings. (4) Cyl- 


five types of repairs: (1) 
ar¢ welding. (2 
ing rough castings. (3) 


inder bore welding or tack weld- 
ing. 5) Intermittent welding. 
rough and finish. 

Preheat Arc Welding. This is 
used to weld small defects which 
are clean. It is done by the welder 
after removing castings from the 
preheat furnace. Several small de- 
fects, not extending completely 
through the casting, may be pres- 
ent. He may arc weld these with a 
cast-iron flux-coated rod (note that 
this rod is of cast iron He may 
then torch weld the major defect 
and stay well within the time limit 


Many uses exist for this type o: 











— 














Fig. 17 Finished cylinder block 


casting showing blow at top face 


welding and this rod because its 
penetration is much greater than 
that of other rods and the weld re- 
mains soft. 

Loose chaplets may be welded 
with assurance of being leakproof. 
The author does not recommend 
any type of arc welding of rough 
castings on machined faces except 
preheat arc with flux-coated cast- 
iron rod. This statement will meet 
with much opposition. 

Cold Arc Welding. The use of 
this method on rough castings 1s 
limited. It should be used only on 
surfaces which are _ sufficiently 
heavy or designed to withstand the 
shock. Various kinds of electrodes 
are used, too many for the author 
to mention. 

In Fig. 14 is shown a water pump 
with the snout chipped in han- 
dling. This casting is worth sal- 
vaging if a good, fast method is 
found. Figure 15 shows this casting 
being arc welded. The use of cast- 
iron flux-coated rod makes this 
weld extremely hard when not pre- 
heated, but the hardness makes no 
difference at this point, which is a 
hose connection and usually is hard 
when cast. Note that a carbon is 
used to eliminate as much grinding 
as possible. 

Figure 16 shows one of these cast- 
ings finished. They can be welded 
at the rate of 70 per hour. About 
six different electrodes will fill the 
needs for cold arc welding, but the 





one mentioned should certainly be 
included. 

Arc Welding. On finished cast- 
ings arc welding is done with one or 
more of the more expensive rods 
high in nickel, copper, etc., and flux 
coated. Castings should not be done 
too rapidly and, of course, at as low 
a heat as possible, using proper pre- 
cautions. Repairs may be made 
close to cylinder bores and bearings 
without danger of distortion. 

Figure 17 shows such a defect on 
a boss used for the number pad. 
A copper-covered flux-coated rod 
was used for this job. The results 
are shown in Fig. 18. Much more 
could be said on this subject, but 
the extreme example shows the 
merits of this type of repair, when 
properly used. 

Cylinde Bore We lding. This 
method, although not new, has not 
been accepted by all engineers and 


manufacturers. Many millions of 
dollars worth of cylinder blocks have 
been salvaged by bore welding. The 
author would like to cover this sub- 





Fig. 19—Photomicrograph showing 
cylinder bore weld at weld junction. 
Top—l00X. Bottom—500X. 
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Fig. 18 Same castir Fi 17 
after arc weldi) 


ject as thoroughly as possible ir 
der to clarify some of the doub 


The author has never encountered 4 


single failure due to this method 
repair. A good and successful pr 


cedure follows: 

A. The flow should be chip; 
or cleaned out by a right-angle dr 
The casting should be scrapped 
the flaw extends more than 
half the thickness of the wall. F! 
as large as 3/16-in. in ring tra 
and as large as 5/16-in. outside 
ring travel may be repaired 
course, there is a difference of oj 
ion on these limits. 

B. Bore-nickel rod of not gr 
than 5/32-in. diameter should 
used. The rod should be of ¢ 
mercial purity, or not less than 
per cent. 

C. The welding transion 


should provide 6 to 12 volts wit 


high heat (350 amp.) suc! 
nickel rod is melted and scra 
off the wire while in a plasti 
No continuous arc is held 
would result in a hard, h 
zone. 

D. This welding operat 


be performed by an operator 0! 
siderable experience wh s der 
onstrated his ability w pies 
which have been cut a! xamunec 
for hardness and bond. A 


examination of a cylinde: 
at the weld junction 
Fig. i9. The structure 















bility of nickel and iron at the 
veld junction. A relatively sharp 
e of demarcation between the 
ckel weld and the parent metal is 
hown. The cast iron structure at 
the junction seems to be barely af- 
fected. Figure 20 shows hardness 
transverse taken through a welded 
ylinder bore section with Vickers 
Brinell 10-kg. load and hardness re- 
rded. Note that the hardness of 
nickel deposit was increased 
166 to 203 by peening before 
weld was ground. This has no 
effect on the weld junction. 


Tack Welding 
[his method of welding 
lled tack welding) is of great value 
the foundry. It is used to repair 
mperfections and improve the ap- 
earance of the castings. Used in 
iis manner it requires no particular 
‘kill, The author has several of 
transformers placed in the 

ning room of the foundry. 
Intermittent Arc Welding. This 
ethod is similar to tack weldi:g. 
her words, it is not a continu- 
sarc. It does not have the pene- 
‘ration of a straight arc, therefore is 
tly for repair of gasket sur- 
‘aces, building up the edges of bolt 
doses, etc. Its use is very limited 







(also 









Fig. 20—Hardness transverse taken 
through welded cylinder bore section. 


due to the lack of penetration. A 
rod of about 74 per cent or more 
of nickel and 1/8-in. diameter is 
used. Little risk of damaging a fin- 
ished casting is incurred with this 
method. 

Cast Iron Soldering. This method 
of repair is a valuable aid in the 
salvaging of finished castings, and 
generally is used in the repairing 
of main and cam bearings in cyl- 
inder blocks. Spots which do not 
clean up, sand holes, small blows, 
and even small shrinks may be re- 
paired and remachined without 
danger of damaging expensive tools. 

Large areas at gasket faces may 
be repaired quickly. It may also 
be used on locating pads, where 
clamping is not too severe, and has 
a melting point of about 700°F. It 
is put on with a soldering iron 
which is at a dull red heat. It will 
not run and may be built up as 
high as is necessary. Commercially 
pure HC! should be used for the 
acid and surfaces must be clean. It 
is a time saver and does a much 
better job than welding when used 





within its limits. 


Plugging. This probably is the 
greatest money saver in the salvag- 
ing of castings. The plug 
commonly used is the 1/8-in. pipe 
plug of annealed cast iron. It has 
27 threads per in., allowing a safe 
repair in metal thickness of 5/32-in. 
It is not advisable to use larger 
standard pipe plugs except in metal 
of greater thickness because these 
plugs have only 18 threads or less 
per in. 


most 


The author uses a 1/4 pipe plug 
with 20 threads per in. These can- 
not be procured on the market. 
However, the stock can be cast and 
annealed in the foundry and special 
tools may be ordered to make and 
use them. This plug allows a 1/2-in. 
diameter hole to be 
metal wall thickness of 5/32-in. 


repaired in 


Conclusion. No attempt has been 
made to cover completely the sub- 
ject of welding. X-ray testing and 
many other subjects relating to weld- 
ing can be covered much better under 
their particular headings. However, 
the author hopes that this article 
will help to keep many castings out 
of the scrap pile, with an added as- 
surance of safe and dependable 
methods of salvage. 














HEAT TREATMENT 
of 
STEEL CASTINGS 





Steel Division 


WaR CONDITIONS restricted 
the activities of the Committee on 
Heat Treatment of Steel Castings 
because much of the work being done 
on steel castings was of a confiden- 
tial nature, and these restrictions 
still continue at the time of this 
report. However, the committee has 
followed the developments in the 
field of heat treatment and briefly 
summarizes them in this report. In 
addition, it has made a survey to 
determine the acceptance by the 
foundry industry of the end-quench 
test for hardenability. 

Widespread use of steel castings 
under severe wartime conditions 
made it necessary that optimum 
properties be obtained in the cast- 
ings. ‘To obtain these properties it 
was necessary to liquid quench many 
types of castings that formerly would 
have been normalized or annealed. 
Production of quenched and drawn 
castings presented several problems, 
namely: 

1. Choosing a steel of chemical 
composition such that it would 
harden to the required depth in 
various sections during quenching. 

2. Heating castings uniformly for 
quenching. 

3. Quenching under 
conditions. 

A simple end-quench test, devel- 
oped to measure the hardenability 


controlled 


Presented at a Steel Session of the 
Fiftieth Annual Meeting, American 
Foundrymen’s Association, at Cleveland, 
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of wrought steels, was readily adapt- 
ed to measuring the hardenability of 
cast steels. As a matter of fact, it 
was found that cast and wrought 
steels of like analyses had quite simi- 
lar hardenabilities. This test enabled 
the foundrymen to determine rather 
easily the maximum thickness of sec- 
tion of any particular steel that 
would harden to the depth required 
for the particular application at 
hand. The extent to which the end- 
quench test was adopted is ifdicated 
in the survey at the end of this 
report. 

Having chosen a steel of proper 
composition by the use of the end- 
quench test or by other means, it was 
necessary for best results that each 
casting made ffom the steel be 
heated uniformly to the desired 
temperature for quenching. This 
requirement led to the design and 
installation of heating furnaces espe- 
cially designed to give uniform heat- 
ing, as well as to provide improve- 
ments in the methods of loading the 
furnaces. 

The most popular type of heating 
furnace has been either the batch 
or the semi-continuous furnace be- 
cause of flexibility in handling a 
variety of castings. Where produc- 





e A survey of the end- 

quench test in the steel 
foundry industry has been 
the principal activity of the 
Committee on Heat Treat- 
ment of Steel Castings since 
1944. A questionnaire, de- 
signed to elicite complete 
information on the subject, 
was compiled and sent to 
steel foundrymen. 











tion warranted, a continuous heating 
furnace was used. In one contin : 
ous furnace, the castings were hung 
from rods attached to a monorail 
above the furnace, which had a nay. 
row slot in the roof through which 
the rods extended and moved hor; 
zontally. 

Water has been the almost up 
versal medium used for quenching 
castings. Two quenching techniqu 
have been widely used, name 
timed and intermittent quenching 
Timed quenching consists of quench- 
ing a casting for a predetermined 
time before removing it from the 
quenching bath. Intermittent 
quenching is accomplished by 
quenching for a predetermined tim: 
lifting the casting from the bath 
allowing the temperature of variou: 
sections of the casting to equaliz 
somewhat, and then again quench- 
ing the casting. 

Quenching Speed 


Careful segregation of castings 
into groups that are to be quenched 
at one time is necessary if controlled 
quenching conditions are to be main- 
tained. The speed at which a stee! 
must be quenched to obtain the 
desired hardness is indicated by th 
“S” curve for that steel. During 
the past few years, “S” curves for 
many of the cast steels have been 
worked out and have served as use- 
ful guides in setting up quenching 
conditions. Careful attention to the 
design of castings so as to eliminat' 
abrupt changes in section and shar} 
corners has materially aided in th 
production of quenched castings. 

Tempering or drawing of the 
quenched castings has followed mor 
or less conventional prac’ Per- 
haps the chief difference handling 











sections. 
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tings lies in the fact 
iid be put into 


ice as soon 


ching. 


treating practices are 
wrought steels which, 
ttee’s knowledge, are 


1 on castings. 


rdening. 


| hardening. 
gs into molten salt or 


vo methods generally 
roduce a hard-surface 
without hardening the 
lhey, undoubtedly, will 
1 application to those 
re a hard-wearing sur- 
a tough core is 


into molten 


baths is a means of 
cracking in parts with 
This method 
ng may be particularly 
) quite complex castings. 
into molten salt or metal 

used to effect isother- 
rmations so as to produce 
haracteristic structures other 
those obtained by quenching 
The extent to which 
ethod of quenching may be 
castings is not pre- 
the moment. 
End-Quench Test 
the principal object of 
ommittee has been a survey of 
f the end-quench (Jominy) 


campaign was con- 
to elicit as complete informa- 








tion as possible on the subject. Thi 


questionnaire was quite complete 
It asked the purpose of the test, 
whether applied to research or pro- 
duction control; application as to 
product specifications ; frequency ol 
tests; source of Jominy specimen ; 
comparisons with similar tests on 
wrought steels; interpretation of 
results; correlation with actual shop 
quenching practice; value of tests; 
and comments on the method as 
described in the covering ASTM 
specification. 

The questionnaire proved to be 
premature, particularly as to the 
details sought, since the method was 
new to many steel foundrymen and 
experience was just being gathered. 
However, the response was gratify- 
ing and the results are considered of 
interest despite the fact that the 
report covers the situation as it ex- 
isted over a year ago. Since then 
there has been a considerable but 
undetermined increase in the use of 
the test by steel foundrymen. 

Studies looking to establishing 
hardenability specifications are under 
way by several groups, and it is 
probable there will soon be some 
formal specifications of this kind. 

Results of the questionnaire are 
summarized as shown at right. 

Only three report a consistent dif- 
ference in hardenability between cast 
and wrought steels of similar chem- 
istry. In view of the new generally 
accepted equivalence of hardenabil- 
ity, with similar chemistry, of cast 
and wrought steels, these three re- 
ports can be explained as due to 
limited experience with a new test. 









lotal questionnaires (to previous! 
screened list +5 
Total replies (82 per cent 1 
Replies with concrete nfon 
71 per cent return 2 


End quench test used 


In research 18 

In research and productio 

In production l 

lo study new compositio: 25 

For production control 5 
Total tests per month 6 to 251 


Percentage of tests on those classes or 
specifications tested, per cent..1 to 100 
Using test to indicate 


Maximum thickness that can be 
hardened to required depth 11 
Performance of individual heats 10 


Source of end quench speci: 


Keel block 23 


Special specimen Il 
Checking grain size 
ASTM method 1] 
Special method } 
Aim to fully harden. maximum cast 
ing section 10 
Aim to fully harden critical zone of 
casting as to service conditions 13 
Find end quench test helpful 
in this 14 





Personnel of the Committee on 
Heat Treatment of Steel Castings is 
as follows: E. R. Young, Chairman, 
Climax Molybdenum Co., Chicago; 
N. A. Birch, American Brake Shoe 
Co., Mahwah, N. J.; H. H. Blosjo, 
Minneapolis Electric Steel Castings 
Co., Minneapolis; Werner Finster, 
Reading Steel Casting Div., Ameri- 
can Chain & Cable Co., Reading, 
Pa.; R. A. Gezelius, General Steel 
Castings Corp., Eddystone, Pa., and 


C. T. Greenidge, Battelle Memorial 
Institute, Columbus, Ohio. 
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Quatity through laboratory con- 
trol is a phrase that has become the 
by-word and creed of most nation- 
ally advertised products, from tooth- 
pastes and canned soups to ingots 
and castings. However, retrospection 
on this phrase with respect to all 
nominal foundry operations, leads 
one to feel that it should be changed 
to “Quality Through PLANNED In- 
spection.” 

No matter how thoroughly and 
completely the Metallurgical, Engi- 
neering and Production departments 
organize their personnel and con- 
sider all the variable operational 
factors with standard practice proce- 
dures, proper inspection or policing 
of such practices is absolutely im- 
perative. Otherwise, such procedures 
are foredoomed to the scrap pile 
along with a greater number of cast- 
ings than necessary. 


Proper Training 


It is a recognized fact that a prop- 
erly trained and organized Inspec- 
tion Department is of paramount 
importance to all successful foundry 
operations. An Inspection Depart- 
ment organized for PLANNED In- 
spection is a logical method for im- 
proving quality of all products. 


PLANNED inspection includes Proc- 
ess inspection; Lay-out inspection; 
Agenda of Reports from the labora- 
tory relative to chemical analysis, 
physical analysis, etc.; Nuclear in- 
spection; Non-destructive inspection ; 
Eye or visual inspection, and De- 





This paper was presented at an In- 
spection of Castings Session of the 
Fifticth Annual Meeting, American 
Foundrymen’s Association, at Cleveland, 
May 7, 1946. 





‘ Wartime quality of castings 
is now demanded in peace- 
time production. Therefore, it 
behooves all astute and wide- 
awake foundry managements to 
institute the basic principles in- 
volved in Planned Inspection, 
discussed in this paper. 





structive inspection. 

Layout inspection, and destruc- 
tive, non-destructive and visual in- 
spection, are well known to the 
average foundry operating today. 
Involved in these procedures are 
dimensional tolerance checks, X-ray 
inspection, magnaflux inspection, 
casting sectioning for photomicro- 
graphs as well as physical testing 
and pressure testing. 

The value of these various opera- 
tions has been proved many times 
during the last several years of speci- 
fications more difficult and more 
exacting than any previously im- 
posed upon the foundry industries. 
Nuclear inspection is of much value 
in specialized casting applications 
where the structure of the material 
is of prime importance. In Nuclear 
inspection the X-ray diffraction tech- 
nique is used for determining the 
diffraction pattern of the material. 

The value of Process inspection 
and the agenda and correlation of 
laboratory reports, while of proven 
value during the war in large pro- 
duction foundries of single casting 
operation, is now becoming even 
more necessary to the average job- 
bing and production foundry. 

Process inspection involves com- 
plete and thorough inspection of all 


the variable operating practices 
conditions for which standard p; 
tice procedures are instituted by ¢ 
Production, Metallurgical, or Eno 
neering departments. This inspec. 
tion should be by observatior ‘3B 
observation is meant that it should 
be the Inspection department's 
sponsibility to observe al! operat 
and practices for which procedur 
have been issued, but it should not 
be the Inspection department's p: 
rogative to stop Production or other 
personnel from any deviation ¢! 
might be observed from these stand 
ard practices. 


It should be the Inspectio 
partment’s sole duty to report 
and all discrepancies to those super 
visors directly affected by the devia- 
tion from standard practice. T! 
reports should be made in writing 
and distributed to the affected par 
ties so that necessary steps for t! 
correction or discussion of such de- 
viations can be instituted. 


Duties Outlined 
Thus we find, in 


foundries, a definite outline of 
for the Metallurgical and the Ins 
tion departments. For example, ' 
Metallurgical department is respon 
ible for procedures and methods 
melting, sand mixes and spe 
processes such as heat treating an 
welding. The Inspection depart: 
ment’s responsibility is to observe th 
procedures and methods covered 5 
standard practice bulletins issued 5 
the Metallurgical department. 
Similarly, it is the responsibility 0 
the Metallurgical department ™ 
issue specifications for raw matenals 
and their physical and/or chemic® 


] 7 
many iar 
] 





MAN 


Inspection depart- 
bility is to observe 
raw materials ap- 
Metallurgical depart- 
production. 
und through experi- 
practice of process 
constant correlation 
ween the Inspection, 
ind Production de- 
tantially improves the 
products produced 
eans of control and 
es internal scrap per- 
istomer returns. The 
of personnel and work 
more than justify the 
<pense involved. 
rtime quality of cast- 
anded in peacetime 
in be made profitably 
complete and honest 
now self-evident to most 
iwements. Therefore, it 


behooves all astute and wide-awake 
foundry managements to institute 
the basic principles 
PLANNED Inspection. 


DISCUSSION 

Chairman: H. W. WARNER, 
Chalmers Mfg. Co., Milwaukee. 

Co-Chairman: E. G. Leverenz, Amer- 
ican Steel Foundries, E. Chicago, Ind. 

MEMBER: I would like to ask Mr. 
Gunselman to repeat his PLANNED In- 
spection, letters referring to inspection 
types. 

Mr. GuNSELMAN: “P” is for process 
inspection; “L” for layout inspection; 
“A” for agenda, checking physical and 
any other laboratory reports; “N” for 
non-destructive inspection; “N” for nu- 
clear inspection; “E” for eye or visual 
inspection; “D” for destructive testing. 

MemMBER: Mr. Gunselman used the 
expression “quality control.”” Did you do 
anything with quality control charts? 

Mr. GuUNSELMAN: There are two 
definitions of quality control. One is 
spot control, where you set up charts 
and pick out particular castings to rep- 
resent the entire lot of castings. That 


involved in 


Allis- 


423 


is not the type .. yuality control I was 
referring to. The quality control I was 
referring to is proven quality and not 
guess work. 

CHArRMAN WARNER: There are many 
companies following that chart system 
throughout, hence, it might be a good 
idea to have the defects listed. And one 
advantageous feature about it is that in 
future work it is well to have a follow- 
up system. 

When new orders are issued the usual 
procedure is to get the file card on a 
particular casting and to check the de- 
fect that was found on previous orders. 
This in turn is listed on a production 
order issued to the shop, in which the 
foreman can see and guard against any 
defect before running the complete or- 
der. 

It is the common practice for the 
foundryman to take a pattern out of the 
pattern vault and run the job as it was 
previously gated and not taking any par- 
ticular notice of facing necessary to pro- 
duce the best possible casting. There- 
fore, the above system warns the foun- 
dryman and supervision of possible pit- 
falls before the castings get into pro- 
duction processes. 
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EFFECTS OF HEAT TREATING 
aluminum alloys can be followed 
more readily after examination of 
the sequence of events occurring dur- 
ing the solidification process. An aid 
in studying the course of solidifica- 
tion is provided by constitutional 
diagrams such as have been estab- 
lished for the commercially impor- 
tant aluminum alloy systems’ ?. 

These constitutional diagrams are 
constructed from data obtained by 
observing the melting and freezing 
characteristics and the microstruc- 
tures of a series of alloys in which 
the relative concentrations of two or 
more metals are varied. The follow- 
ing discussion of solidification will 
be based on the partial constitutional 
diagram of a hypothetical two-com- 
ponent system shown in Fig. 1. 

An alloy of the composition in- 
dicated by the line R-S is complete- 
ly liquid at the temperature repre- 
sented by R. Solidification starts at 
a temperature corresponding to point 
T. The first material to solidify does 
not have the composition of the 
hypothetical alloy but has a concen- 
tration of element B indicated by 
the point U. In other words, the 
first material to solidify contains a 
far lower concentration of alloying 
element than is represented by the 
average composition of the alloy. 
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However, as solidification proceeds, 
the material solidifying increases in 
concentration of element B along 
line C-D. Since this material con- 
tinues to contain less than the aver- 
age content of element B in the 
alloy, the concentration of element B 
continues to increase in the liquid 
along the line C-E. For example, at 
temperature W the composition of 
the material that solidifies is rep- 
resented by X, and the remaining 
liquid, which has been enriched with 
element B, is of the composition in- 
dicated by Y. At the temperature V, 
the remainder of the liquid solidifies, 
and this material has an average 
composition designated by E. 

This last materia! to solidify, 
known as eutectic, consists of two 
constituents of the compositions in- 
dicated by D and F. The tempera- 
ture at which solidification is com- 
pleted is referred to as the eutectic 





Factors involved in the 

successful heat treat- 
ment of aluminum alloy 
castings have become of 
more general interest as a 
result of the extensive in- 
crease in use and produc- 
tion. A thorough under- 
standing of the commercial 
applications of heat treat- 
ments for aluminum alloy 
castings requires a knowl- 
edge of the process funda- 
mentals. it is the purpose 
of this paper to review 
these fundamentals and to 
consider the structural and 
property changes produced 
in aluminum alloys by com- 
mercial heat treatments. 














temperature, and the temperatuy 
interval T-V is the solidificat 0 
range of the alloy. 

The resultant solidified metal 
made up of two fundamental types 
of materials. One type forms th 
continuous background or matrix 
This is the material that solidifies 
throughout the temperature rang 
T-V. As solidification progresses jr 
this range, successive layers of freez. 
ing material build up on and around 
the crystals that froze initially 

Dendritic Structure 

This freezing material assumes 
definite form, similar in appearar 
to a pine tree. The treelike patter 
known as dendritic structure, is illus- 
trated in Fig. 2. It is evident fro: 
the manner in which the dendrit 
arms form that the concentration 
B metal is progressively greater fro: 
the core to the outer layer. This cor 
stituent of varying compositior 
called a solid solution. 

At final solidification, occurring 
at the temperature indicated by th 
line D-E, the eutectic freezes be- 
tween and around the dendrit 
branches. As previously mentioned 
the eutectic is made up of intimately 
mixed solid solution of composition 
D and intermetallic compound ol 
the composition given by the line 
G-H. The latter constituent lled 
an intermetallic compou! 
because of its relatively unvarying 
composition, and is the other phas 
or fundamental type of material 
the solidified metal. 

The properties of bot! the solic 
solution and intermetalli npoune 
phases of the solidified metal difter 
from those of pure A meta!. Within 


s 


the solubility limits of 2 .» 4, ™ 


gener- 


creasing concentrations 











itic structure devel- 
metal solidification. 


alloy of gradually 
ile strength and de- 
tility. Intermetallic 
isually are hard and 
phases naturally im- 
racteristics to the alloy 
pendent upon the con- 
esent. 

Val in concentration in the 
tend to be reduced by 
ring the solidification 

\lso, diffusion is the mecha- 
ch changes in structure 

, sult of the reduced solid 

ibility of B in A with decreased 

perat However, time is an 
ortant factor in the process of 
nd a rapid rate of solidifi- 
tion will retain concentration 
dients which are not in equilib- 

t the lower temperatures. 

[he solid lines in Fig. 1 represent 
structures which should prevail 
inder equilibrium conditions or after 
w cooling to any specific tempera- 
With cooling rates such as ordi- 

rily prevail in production of com- 

ial castings, equilibrium is not 
ttained and structural conditions 
ay be more nearly as represented 
by the dotted lines in Fig. 1. Under- 


ling, resulting from rapid cooling, 


MELTING POINT 


tends to lower the temperatures of 
initial and final solidification. The 
faster cooling rate results in the for- 
mation of relatively smaller volumes 
of solid constituent and 
larger volumes of intermetallic com- 
pound than would occur under equi- 
librium conditions. This effect is 
illustrated by the shift of maximum 
solid solubility from position D to D’. 


solution 


Rapid cooling also tends to pre- 
serve supersaturated solid solutions 
and, as is indicated by the relative 
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system—course of solidification. 



























positions of J and /’, to retain a 


larger amount of solid _ solution 
Another point of difference in com- 
mercial casting alloys is their normal 
impurity content. Presence of these 
impurities introduces one or more 
additional constituents that have the 
effect of impeding the normal ten- 
dency for adjustment toward equi- 
librium during solidification. 

Heat Treatment. The fact that the 
solubility of certain elements in 
aluminum varies with temperature, 
in the manner indicated by the line 
D-I in Fig. 1, 
treatment. The 
treatment is the controlled altera- 
tion of properties. Relationship with 
the foregoing discussion of the solid- 
ification process will be evident as 


is the basis for heat 
objective of heat 


the various types of commercial heat 
treatments are considered. 


Types of Heat Treatment 

Heat treatments applied to 2lumi- 
num alloy castings can be classified 
under the following general types: 

1. Annealing treatmert (inti-rme- 
diate temperature). 

2. Solution treatment (high em- 
perature). 

3. Artificial aging treatment only 
low and 


tures). 


intermediate tempera- 
4. Solution treatment followed by 
low temperature artificial aging 
treatment. 
5. Solution treatment followed by 
intermediate artificial 


aging treatment (overaged). 


temperature 


Data on the mechanical properties 
and uses of heat treate? aluminum 
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casting alloys are generally avail- 
able*:**%°® Examples of some of 
the more generally used commercial 
heat treatments are given in Table 1. 

Casting Requirements. Castings 
must be of the specified chemical 
composition and of good quality in 
order to obtain the expected response 
to heat treatment. This fact is gen- 
erally appreciated but it can not be 
emphasized too strongly. Factors 
contributing to the production of 
sound and fine grained aluminum 
alloy castings are treated in other 
publications **:®. 

Furnaces for Heat Treatment. Air- 
chamber furnaces 6f proper design 
are best suited to heat treatment of 
aluminum alloy castings. Furnaces 
may be heated by electric heating 
units, radiant tubes, or, if harmful 
products of combustion do not enter 
the heating chamber, by gas or oil 
burners. Gas furnaces in which the 
products of combustion are circu- 
lated, when suitably designed, can 
be used satisfactorily in many cases 
provided that the atmospheres con- 
tain a sufficiently high percentage of 
carbon dioxide and are free of sul- 
phur compounds and excessive mois- 
ture’. 

Furnace design should provide a 
uniform temperature within = 5° F. 


Cast ALUMINUM ALLoys Hea 


throughout the working zone. Me- 
chanical circulation of the air is es- 
sential to accomplish this result and 
to decrease the heating cycle. Baf- 
fles generally are necessary to pre- 
vent air being circulated directly 
from the heating units onto the 
metal. For electrical resistance heat- 
ing, units with a low energy imput 
per unit of area are desirable. 

Temperature Control. Furnaces 
should be equipped with recording 
pyrometers and automatic tempera- 
ture control instruments to insure 
the necessary degree of control. Auto- 
matic limit controls which can be 
set at a temperature slightly higher 
than the operating temperature are 
also desirable to provide insurance 
against damage from accidental 
overheating through failure of the 
control equipment. All pyrometric 
equipment including the thermo- 
couples should be frequently checked 
against standards. 

Furnaces should be surveyed be- 
fore putting them into service to 
make certain that the temperatures 
throughout the working zone are 
within the prescribed limits of + 
5° F. This entails checking the tem- 
peratures through the heating cycle 
with several thermocouples placed 





Alloy and Heat Time, 
hr.2 


Temperature, 
Treatment r. at Se 


122-T61 950 


142-T21 — 
142-T77 970 
195-T4 960 
195-T6 960 
195-T62 960 
355-T6 980 
355-T61 980 
356-T6 1000 


122-T65 950 
A132-T65 960 
142-T61 960 
B195-T4 950 
B195-T6 950 
355-T6 980 
355-T62 980 
356-T6 1000 





strated by experience. 
exceed + 5° 


desired typical hardness values. 





Table | 
Heat TREATMENTS FOR SEVERAL ALUMINUM CAsTING ALLOYS 


Sanp CAsT 


—_— Solution Heat Treatment—————. 


PERMANENT MOoLp 


1Aluminum Company of America alloy and heat treatment designation. 

*Soaking time periods required for average castings after load has reached specified temperature. 

Time can be decreased or may have to be increased, depending upon particular castings, as demon- 

8Temperature setting for control instrument. Variation of temperature in furnace should not 
F. 


‘Exact time required influenced by foundry variables and should be selected on basis of obtaining 


—Aging Treatment— 
Time, Temperature, 
Quench hr.* ° F3 

Water at 150 
to 212° F. 10-14 310 
— 2-4 650 
Still Air 1-3 650 


-5 310 
-16 310 
-5 310 
-1 
-5 


Water at 150 
to 212° F. 


0 310 
310 


340 

340 

: 400 

Water at 150 — 
to 212° F. 310 
310 

340 

310 








in different locations 
charge of castings. 
Annealing Treatm: 
frequently are anneale 
pose of relieving the in 
that may be induced | 
during cooling around 
resistant cores, or by t! 
cooling rates of sections of varying 
thickness. Annealing is a ) employed 
to bring about precipitation of aljoy. 
ing constituents from solid solytic, 
in which they may have been pp. 
tained by a relatively rapid rate of 
cooling in production. 


lifferentia) 


Thus, annealed castings have , 
structure that is practically inseng. 
tive to change at the temperature 
ordinarily encountered in elevated 
temperature operation. They are no: 
subject, therefore, to permanent 
dimensional changes in service 


Microstructure Changes 


Changes in the microstructure re. 
sulting from annealing may be visi. 
ble but usually are not extensiy 
The microstructures of commercia 
aluminum casting alloys shown in 
Figs. 3, 7, 11, 15 and 19 are al 
representative of annealed material 
although most of them are of “ss. 
cast” materials. 

The mechanical properties pro- 
duced by annealing usually are simi- 
lar to those of the “as-cast” material 
although in some alloys tensile 
strengths slightly lower and elong:- 
tions slightly higher than the “s- 
cast” properties result. As would be 
expected, this type of treatment has 
limited commercial application. 

Solution Treatment. Referring 
again to the equilibrium diagram of 
Fig. 1, it will be noted that the line 
D-I indicates the limits of solid 
solubility of B in A at different tem- 
peratures. The solid solubility i- 
creases as the temperature increases 
and this change is most marked in 
the range just below the eutectic 
melting temperature indicated by 
line D-E. Alloys having such solid 
solubility-temperature characteristic 
are susceptible to solution heat treat: 
ment. 

Aluminum-copper and aluminum 
magnesium systems, which are o 
this type, constitute the basis lor 
commercially important casting 4 
loys. Magnesium and silicon form 
an intermetallic compound which 
has solubility characteristics similar 
to those of copper and magnesiul 
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Al-Cu-Ni 


Mg_Si 


CuAl. 








Fi ; A 7 nealed condition 
/ he fine, Cene rally distribute d 
dark material in the matrix is 
( uAl, and Me,Si f ree ipttate. 
In the “as-cast” condition, a 
much smaller quantity of pre- 
ipitate ts present, but in other 


respects the microstructure ts 


identical with that shown 














Fig. 4—Normal solution heat 

treated condition Solution 

treatment has dissolved all the 

CuAl, and some of the Mg,Si. 

The remaining Mg,Si also has 
been spheroidized 





Primary CuAl, 








Fig. 5 — Insufficient solution 

heat treated condition. Some 

CuAl, remains undissolved and 

the Mg,Si still is angular, indi- 

cating incomplete heat treat- 
ment. 








Eutectic Rosette 


Al-Cu-Ni 


NiAl, 


Eutectic Melting 








Fig. 6—Overheated or 

“burned” condition. Evidence 

of overheating is shown by 

eutectic deposits and also ag- 

glomeration and spheroidiza- 

tion of the insoluble constitu- 
ents. 





05 per cent HF etch 500X 


Representative Photomicrographs of No. 142 
Aluminum Alloy. 
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Alpha Al-Fe-Si 
(Script) 

Alpha Al-Fe-Si P 

(Script) 

















condition. 


etch. 








Fig. 7—Representative photomicrographs of No. 195 aluminum alloy. 
tion. These specimens show a large amount of CuAl, which is typical of the “as-cast’ 
Note cored structure revealed by mixed acid etch. 
Right—2.5 per cent HNOs, 1.5 per cent HCl, 1.0 per cent HF etch. 








Silicon } 
Silicon 


Alpha Al-Fe-Si (Script) 











Fig. 8—Representative photomicrographs of No. 195 aluminum alloy. Normal solution 
heat treated condition. Note that the CuAl,; has been completely dissolved. Also note ab- 
sence of the cored structure which appears in the “as-cast” condition. Left—0.5 per cent 
HF etch. Right—2.5 per cent HNOys, 1.5 per cent HCl, 1.0 per cent HF etch. 250X. 














“As-cast” condi- 


Left—0.5 per cent HF 
250X. 



















This compound, known as Mg,Si, 
forms a pseudobinary system with 
aluminum, and casting alloys of this 
system are heat treated commercial- 
ly. A noteworthy point regarding the 
compositions of these commercial 
alloys is that the concentration of 
soluble element B generally is lower 
than the concentration designated by 
D in Fig. 1, and usually is of the 
order of composition indicated by 
M, Fig. 1. 

In general, the solution treatment 
temperature for an alloy is limited 
by the solid solubility line and the 
eutectic or solidus temperature, and 
generally falls in the range indicated 





by L in Fig. 1. Since the rate of 
atomic diffusion of the soluble con- 
stituent increases rapidly with in- 
creasing temperature, use of the 
highest safe temperature is desirable. 
The maximum temperature is lim- 
ited by the eutectic melting tempera- 
ture, and may be governed also by 
the strength of the alloy at that ele- 
vated temperature. Castings should 
be capable of retaining their shapes, 
with little or no support, during solu- 
tion heat treatment. This limitation 
may necessitate use of a heat treat- 
ing temperature little above the solid 
solubility temperature. 
Relatively long heating periods are 








required for solution of the solub 
constituents in castings, even wit! 
the increased diffusion rate at the 
heat treating temperature. The tim 
at temperature for attainment 0 
homogeneity is less the shorter the 
distances through which diffusion 
must take place. Consequently, solu- 
tion is more rapid in castings wi! 


a small macro grain size and fin 
dendritic structure. Hence perms 
nent mold castings can be treated in 

a shorter time than sand castings 
The rate of cooling fro: the solu- 
tion heat treating temper ‘ure mus 
be rapid in order to prese: © at oe 
tion that 


temperature the solid s 
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Undissolved 
CuAl. Undissolved 


CuAl, 


Alpha Al-Fe-Si 
(Script) 

Alpha Al-Fe-Si 

(Script) 
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Fig. 9 
ndition. 







Photomicrographs of No. 195 aluminum alloy. 
Note large amount of CuAl, still undissolved. 
Right—2.5 per cent HNO,, 1.5 per cent HCl, 1.0 per cent HF (Keller’s) etch. 


Left 





















Eutectic 
Rosette 1 
Eutectic 

Rosette 


Grain Boundary Melting 


| Alpha Al-Fe-Si (Massive) 


Insufficient solution heat treated 

















0.5 per cent HF etch 
250X. 



































tion. 















Fig. 10—Photomicrographs of No. 195 aluminum alloy. 
Overheating is indicated by grain boundary melting of the eutectic material and by 
The massive Al-Fe-Si constituent may be formed by 
Left—0.5 per cent HF etch. 


presence of the eutectic rosette. 
agglomeration of the script as a result of overheating. 


Right—2.5 per cent HNOxs, 1.5 per cent HCl, 1 per cent HF etch. 250X. 


Overheated or “burned” 





condi- 








equilibrium at the heat treat- 

g temperature. However, an exces- 
rapid quench can cause ex- 
listortion through the setting 
internal _ stresses. 
quenching practice is 
maintaining the solid 
nd minimizing the latter 







CX¢ essive 








treatment materially in- 
mechanical properties. 
the physical properties such 
and thermal and electri- 
tivities also are altered by 

' eat treatment, but to a 
“egree that is generally unimportant 
ecial casting applications. 













The microstructures of some solu- 
tion heat treated commercial casting 
alloys are shown in Figs. 4, 8, 12, 
16 and 20. As an aid to the metal- 
lographer, Figs. 5, 6, 9, 10, 13, 14, 
17, 18, 21 and 22 provide photomi- 
crographs illustrating improper solu- 
tion treatment. 

Precipitation Hardening. A super- 
saturated structure, such as is pro- 
duced by solution treatment, tends 
to adjust to equilibrium conditions. 
Alloy constituent or compound is 
precipitated from the solid solution 
in the course of this adjustment. The 
rate of precipitation is a function of 
temperature since diffusion is essen- 


tial to the progress of precipitation. 

Precipitation in a solution treated 
alloy can be restrained almost indefi- 
nitely by keeping the material in 
liquid air. At such low tempera- 
tures, the atomic mobility is too low 
to permit the diffusion necessary for 
precipitate formation. The rate of 
precipitation at room temperature is 
relatively slow in most commercial 
aluminum casting alloys, but the rate 
varies with alloy composition. With 
increasing temperature, precipitation 
is progressively accelerated. An indi- 
cation of the temperature range in 
which precipitation treatments are 
performed is shown at K in Fig. 1. 
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Fig, 11 —“‘As-cast” condition. 
Three constituents are readily 
vistble—rounded white CuAl,, 
angular blue-gray silicon, and 
needlelike tan Al-Cu-Fe-Si. All 
form a eutectic concentrated 
along the dendrite arms and 
along the grain boundaries. 


CuAl. 


Silicon 


Al-Cu-Fe-Si|7 





Fig. 12——-Normal solution heat 
treated condition. Solution 
heat treatment has dissolved 
most of the CuAl,, rounded 
and agglomerated the silicon 
particles and has not changed 


the Al-Cu-Fe-Si. 


Rounded Silicon 


Rounded Silicon 


Al-Cu-Fe-Si 
Al-Cu-Fe-Si 
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Fig. 13 —Insufficient solution 
heat treated condition. Solu- 
tion heat treatment has not 
been carried on long enough or 
at a sufficiently high tempera- 
ture to dissolve enough of the 
CuAl, and agglomerate the 
silicon. 





CuAl., 


Silicon 


Silicon 


Al-Cu-Fe-Si 











Fig. 14—Overheated or burned 

condition. Temperature has ex- 

ceeded the eutectic melting 

point. Angular deposits are un- 

resolved eutectic which at one 

time during heat treatment had 
been molten. 


Eutectic 
Melting 
Deposits 














0.5 per cent HF etch 
Representative Photomicrographs 


Aluminum Alloy. 





























Aluminum-Silicon 
Eutectic 


Beta Al-Fe-Si 








Beta Al-Fe-Si 


Rounded Silicon 








Fig. 16 Normal solution heat 
treated condition. The silicor 


; 
hnarticles have become rounded 


and have agglomerate d toa 
certain extent due to heat 
treatment. The CuAl, and 
Me,.Si have gone into solution 
but the beta Al-Fe-Si constitu- 


ent is unaffe Cle d 








Angular Silicon 


Beta Al-Fe-Si 








Undissolved CuAl, 





Fig. 17 Insufficient solution 
heat treated condition The 
solution heat treatment has not 
been conducted at a high 
enough temperature or for a 
sufficiently long time to dis- 
solve all the CuAl, and round 
the silicon particles as in 


Fig. 16. 














. f 


Coarse Agglomerated 
Silicon 


Eutectic Melting 


Eutectic Rosette 








Fig. 8—Overheated or 
“burned” condition. Heat 
treatment has been carried out 
at too high a temperature. 
Some material has actually 
melted or “burned” as shown 
by the irregular and round 
(rosette) deposits of eutectic 
material. The silicon particles 
have markedly coarsened, 
which is another sign of over- 
heating. 





05 per cent HF etch 250X 
Representative Photomicrographs of No. 355 Alu- 


minum Alloy. 
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Fig. 19-—“As-cast” condition. 
The fine aluminum- silicon 
eutectic is the major constitu- 
ent of this alloy. Note that 
the silicon particles in the 
eutectic appear to be long and 
narrow for the most part. Any 
iron present combines with the 
silicon to form beta Al-Fe-Si. 






Aluminum-Silicon 
Eutectic 


Vethved 2 


Beta Al-Fe-Si 











Fig. 20—-Normal solution heat 

treated condition. Solution 

heat treatment has rounded 

and agglomerated the silicon 

eutectic particles but has not 

affected the beta Al-Fe-Si con- 
stituent. 









Beta Al-Fe-Si 


Beta Al-Fe-Si 
Rounded Silicon 


Rounded Silicon | 





Fig. 21 —Insuffictent solution 
heat treated condition. Heat 
treatment has not been carried 
on long enough or at a suffi- 
ciently high temperature, as 1s 
indicated by the presence of 
some silicon particles which 
have remained long, narrow 
and angular. 








Angular Silicon 
Eutectic 








Fig. 22—Overheated or 
“burned” condition. Heat 
treatment has been carried out 
at too high a temperature. 
Actual melting or “burning” 
has occurred, as is shown by 
the heavy eutectic deposits 
along the grain boundaries. 
Note how the silicon particles 
have enlarged—another sign 
of overheating. 
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250X 
356 Alu 


0.5 per cent HF etch 


Representative Photomicrographs of ! 
minum Alloy. 











nder a microscope. 
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ly reducing rate for 
riod of time. 

and yield strengths 
nd the elongation in- 
rdness. The effect of 
tion on certain physi- 
vill be discussed later. 


tion and Hardness 
hardness is obtained by 
ong periods of time at 
ed temperatures. 
nd temperature neces- 
ximum hardness usually 
illoy composition. 
ipitation temperatures, 
time required to attain 
dness decreases with in- 


te mperature, 


ardness values become pro- 
lower as the precipitation 
tment temperature is increased. 
In the initial stage, the precipitate 
is too fine for resolution 





changes involved 
iter the mechanical 
physical properties 
\ typical course of 
1 specific tempera- 
relatively rapid in- 
ss to a Maximum, 
lecrease at a moder- 
en further decrease 


Its presence is 





inferred from indirect evidence such 
as change in mechanical properties 
and etching characteristics. The par- 
ticles coalesce as the time or temper- 
ature is increased, a comparatively 
small increase in temperature being 
much more effective than a large 
increase in time. A treatment that 
has coalesced the precipitate into 
particles large enough to be visible 
under the microscope usually has 
carried the material beyond “peak” 
hardness. 

Artificial Aging Treatments. In 
production terminology, precipita- 
tion hardening treatments are known 
as aging treatments, and are further 
referred to as room temperature 
aging or artificial aging, depending 
upon whether they are carried out at 
room temperature or elevated tem- 
perature. Reference was made pre- 
viously to the three types of artificial 
aging treatments for aluminum cast- 
ing alloys that are of commercial 
importance. 

Artificial aging only may be 
applied to castings in the “as-cast” 
condition. These treatments are 
effective because, as previously men- 
tioned, most castings cool rapidly 
enough in production to retain a 
considerable degree of supersatura- 
tion of solid solution at room tem- 
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perature. Low temperature artificial 
aging treatments of this type increase 
the tensile and yield strengths and 
the hardness, with some sacrifice in 
elongation. These changes in mechan- 
ical properties afford an improve- 
ment in machining characteristics. 


Intermediate Temperatures 

Aging treatments at intermediate 
temperatures also may be applied to 
“as-cast” castings that are to be 
operated at elevated temperatures 
and in which even small permanent 
dimensional changes would be objec- 
tionable. Density changes usually 
accompany structure alterations in- 
volved in precipitation. The magni- 
tude of these density or dimensional 
changes, which varies with alloy 
composition, is not great but miust 
be taken into consideration in some 
casting applications. Use of such 
aging treatments causes growth to 
occur in the castings and, conse- 
quently, prevents permanent dimen- 
sional change later during operation 
at elevated temperatures 

A second type of aging treatment 
is the low temperature treatment 
used after a solution heat treatment. 
In some cases, the aging portion of 
these treatments is designed to pro- 
duce maximum hardness and the 
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Effect of room temperature aging on the 

properties of solution heat treated sand 
9 aluminum alloy standard -in. diameter 
test specimens. 
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Fig. 24—Effect of room temperature aging on the me- 
chanical properties of solution heat treated sand cast 
No. 355 aluminum alloy standard Y2-in. diameter test 
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Fig. 25—Effect of room temperature aging on the 

mechanical properties of solution heat treated sand 

cast No. 356 aluminum alloy standard Y2-in. 
diameter test specimens. 
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Fig. 27—Effect of room temperature aging on the 
mechanical properties of solution heat treated per- 
manent mold No. 355 aluminum alloy standard 


V-in. diameter test specimens. 
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Fig. 28—Effect of room temperature ag n the 


mechanical properties of solution heat tr 


ty d per- 


manent mold No. 356 aluminum alloy stanaaré 


Y,-in. diameter test specimen: 
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in overaged mate- 
implies, overaging 
itation in excess of 
arts maximum hard- 
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iom from growth in 
to be operated at 
itures, and substan- 
any internal stresses. 
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was discussed in con- 
he first type of aging 
idual internal stresses 
ed during quenching 
ipid cooling from the 


Pres- 


nternal stresses in cast- 


g temperature. 
distortion durin 
in special cases, 


carrying 


the load 


e part. These stresses 
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quenching technique. 
irther reduced by use 


igin 


@ treatment. 
Corrosion Resistance 
he physical properties of 
sting alloys are a func- 
r thermal condition. The 
corrosion of wrought 
rtain aluminum alloys 


by heat treating prac- 


differences in heat 

r heat treating practices 
r the resistance to corro- 
inum alloy castings to 
that is of 
ly The thermal and 
onductiveness of alumi- 


importance 


rs are materially influ- 
it treatment. Conductiv- 
ommercial casting alloys 
t thermal conditions are 
for use in considering 
in which these physical 


prope rtie 


Room Temperat Asi XR 
ence was made, in discussing pre« 
tation treatment, to the fact that at 
unstable structural condition exists 


in solution treated aluminum allo 


castings It was also pointed out 
that the rate of precipitation occur- 
ring in adjustment toward equilib 


rium 


conditions is comparatively 
slow at room te mperature. The aging 


that occurs 1n castings at room tem- 
perature usually is most marked in 
the first few days after quenching 
from the solution heat treating tem- 
perature It proceeds at a slower 


rate over a long period of tin 


Curves which show the effect of 


room temperature aging on the 


mechanical properties of several 


solution treated commercial alumi- 
num casting alloys are included in 
Figs. 23 through 28 

Some of the treatments and alloys 
described: in the foregoing are the 
subject of United States patents held 
by the which the 


company with 


authors are associated 
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in mechanical properties when aging the 


EastTwoop, Bat- 


} 


ix 


fror 


astings 
largely with 
properties to 
obtain ng some har 
obtaining some im 
ing characteristics That 
principal value 
As far as the anne 
concerned, which is rT at 
mechani 


intermediate temperature, 


cal properties are generally of the order 
of the as-cast material, although they 
are slightly lower in some cases. depe nd 
composition The yield 


reduced by 


ing on alloy 
strengths may be materially 
annealing 

Memser: I believe Mr. Sicha men 
tioned the fact that the smaller the 
macrograins, the more efficient ‘‘1e¢ solu 
tion of the “B” 
explain why an increase in 


components Will you 
physical 
properties is not obtained when adding 
boron to the molten metal as a grain 
refiner? 

Mr. SICHA The question was; with 
grain refining additions of boron, why 
is there not a greater gain in mechanical 
properties attained, in the light of what 
I said about the 


fine macrograin 


desirability of having 


That is probably explainable on the 
basis of heat treatment provided to the 
material without the boron addition 
With a finer macrograin and with a 
it 1s possible, 


fine dendritic structure 


theoretically, and in general practice, to 
use a shorter solution heat treating time 
However, with a material that has 


somewhat coarser grain structure orf 


coarser dendritic structure than is ob 
tained when a grain refiner is added, 
excellent mechanical properties frequent 
ly can be obtained if sufficient solution 
time is used 

W. E. Martin’: I believe the authors 
made the 
elevated temperatures produces perma 


statement that treatment at 


nent growth 

Mr. Sicua: Aging at certain elevated 
temperatures can be used to attain per 
manent growth 

Mr. Martin: I want to mention a 
minor exception to that statement The 
alloys in the aluminum-zinc-magnesium 
system are not subject to such growth 

Mr. Sicua: Apparently I did not am 
plify some of my statements sufficiently 
to make clear, as has been pointed out 
by Mr 
occur in some aluminum alloys as a 


result of heating 


Martin, that growth does not 


‘National Smelting Co., Cleveland 























GRAY IRON CASTINGS 
SECTION SENSITIVITY 









Henry C. Winte 
Worthington Pump & 
Machinery Corp. 
Buffalo, N. Y. 


Most FOUNDRYMEN are fa- 
miliar with the fact that cast irons 
of low carbon and silicon contents 
must be used to obtain high strength, 
close grained metal in heavy sec- 
tions. Through experience, they 
have learned that section size is a 
variable affects the tensile 
strength and hardness of cast irons. 


which 


Experimental data published in 
recent years show that the physical 
properties of cast iron in test bars 
are decreased by increasing the sec- 
tion size of the bars. The loss in 
strength indicates the section sensi- 
tivity of the iron. The effect of the 
total carbon plus 1 Si ratio (car- 
bon equivalent) upon the strength 
and hardness of cast iron as the 
section size increases has been in- 
vestigated. 


Section Size 


In increasing section size, the fac- 
tor which causes a decrease in the 
physical properties is the decreased 
cooling rate. Cooling rates depend 
upon a number of factors, such as 
temperature of the iron at pouring, 
rate of pouring, volume of metal to 
be cooled, metal surface area for 
transfer of heat to the sand, con- 
ductivity of the mold material, cores, 
energy releases, number of castings 
in the mold, amount of sand sur- 
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rounding the casting, and the posi- 
tion of gates and risers. 

The rate at which the metal cools 
in the mold affects the amount and 
size of the graphite flakes, the 
pearlite grain size, and the struc- 
tural condition of the matrix. With 
slower cooling, more time is allowed 
for the graphite to precipitate and 
grow larger, thus causing a decrease 
in strength because of the weakness 
of the graphite. Also, slower cool- 
ing allows more pearlite to break 
down into ferrite, thereby decreas- 
ing the strength because ferrite is 
weaker than pearlite. 


lron Strength 


The strength of the iron in a cast- 
ing will be the same as that of a 
certain test bar only when the cool- 
ing rate of the casting is the same as 
that of the test bar. The graph in 
Fig. 1 shows the relation between 
section size and tensile strength of 
cast iron. Selection of the proper 
iron to meet design requirements 
is of basic importance. 

Design engineers may accomplish 
this by use of the data graphically 
shown in Fig. 1. For example, a one 





Physical properties of 
» a casting may be pre- 
dicted from a test bar only 
when the cooling rate of 
the test bar is comparable 
to that of the casting. The 
relation between section 
size and tensile strength 
has been worked out in 
graphic form, enabling the 
engineer to selec? an iron 
which will meet design re- 
quirements of the casting. 














in. diameter test bar may not h 
the same cooling rate 
having a one in. thick section 


Strength of Castings 


Mathematical formulas have bee; 
developed for predicting: 
strength of castings, but they ar 
plicable only to simple shapes. Ar- 
cording to Bolton*, the volun 
molten metal in the casting is pro- 
portional to the heat energy to b 
dissipated. The surface area of th 
casting is the exposed area fro 
which the heat must be dissipated 
Therefore, the cooling rate is direct 
ly related to the ratio of the volw 
in cu. in. to surface area in sq. i 


Vv : 

—, The ratios for a number 
A 

bars and plates are show: 
Table 1. 


It is apparent from the table that 
a 4 in. diameter test bar will hav 
the same cooling rate as a 14-1 
plate, and a 6 in. diameter test bar 
the same as a plate 41/2 in. thick 
In order to predict the strength of 
a casting it is evidently erroneous 
to select a test bar having a diamete! 
about the same as that of the cast- 
ing wall thickness. 


In actual practice, casting shapes 
are seldom simple. In most cases 
castings are round or square and 
contain cores to form the shape ol 
the cavity. When these molds ar 
poured, the core, being almost com 
pletely surrounded by metal, will be 


‘ 


heated quicky by the molten meta 





; ; ss hac 
and will retain the heat, e it ha 
no avenue of escape except through 
the casting as it cools. 1 nrocess 

*John W. Bolton, Gray ©“ Iron 


Penton Publishing Co., Cle: 








Table 1 


N OF 


Casting Size, in-— 
Thickness Length 
21 


0 12 
21 0.12 
12 0.12 


Diameter Square 


4 
Vo 


CooLtinc RATE To VoLUME-AREA RaTio 


\ 
, Ratio 
Width A 
) 
} 
0 


21 0.290 
21 0.290 
12 0.286 


0.488 

0.476 

0.478 

0.901 

0.905 

0.889 

1.290 

285 

4% 2 285 








the cooling rate of 


ings, poured of the 

were selected from 

to compare with test 

various diameters. These 
pistons having internal 

wut varying in wall thickness 
The engineer specified 
\STM Class 35 as the cast iron to 
sed, because an iron having a 
strength of 35,000 psi. was 
lj finished castings. The 


foundry estimated that the ASTM 
Class 35 iron would not give the re- 
quired tensile strength in the cast- 
ing and poured from an ASTM 
Class 45 cast iron. 

Figure 2 illustrates the effect of 
decreased cooling rate on the tensile 
strength and Brinell hardness of the 
Class 45 cast iron. By increasing the 
section size from ¥-in. to 6-in. di- 
ameter, the tensile strength and 
Brinell hardness decreased 57 per 


Fig. 1 (left) 


437 


effect ol 


de reased cooling rate on the graph- 


Figure 3 illustrates the 


itic structure. The graphite increases 
in amount and size with a corre- 
sponding decrease in physical prop- 
erties. 

The effect of the dex reased cool 
ing rate on the structure of the 
matrix is shown in Fig. 4. The 
pearlite grows coarser until finally 
some free ferrite is precipitated 
causing the strength and hardness 


to decrease 
Piston Specifications 


A diesel engine piston, shown in 
Fig. 5, 
cast in 


weighs 980 Ib. and five are 
a dry sand mold. The sec- 
tions are ¥2 in. except the wrist pin 
bosses, ribs and top, which are ap- 

The pis- 
finish. A 
drawing of this casting is shown in 
Fig. 6 Che 
strength of 34,100 psi. and Bhn. of 
185 at the position shown in Fig. 6 


proximately one in. thick 


ton is cast with %-in 


metal has a tensile 


Although the sections vary from 


34 to 1% in., the actual cooling 
rate is comparable to a 2 in. di- 
Referring to Fig 


2, a tensile strength of 34,100 psi 


ameter test bar. 


is seen to correspond to a cooling 
rate corresponding with a 2% in. 
diameter test bar. This fact is fur- 
ther confirmed by the Brinell hard- 


ness. The actual Brinell hardness 


Graph showing effect of section size 


on tensile strength of cast iron in test bars. 


Fig. 2 (below)—Effect of section size on tensile 
strength and hardness of ASTM Class 45 cast iron. 
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Fig. 3—Photomicrograp! 
showing effect of decreased 
cooling rate upon graphite 

cast iron test bars of variou 
diameters. Unetched. 100X 




















6 in. Diameter Bar 






































2 in. Diameter Bar 








Fig. 4—Photomicrographs 
showing effect of decreased 
cooling rate upon pearlitic 
structure of cast iron test bars 
f various diameters. Etched. 


1000X. 








6 in. Diameter Bar 
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a tensile strength of 

Table 2 179 Brinell hardness 

comparable since the 

; limits of error when 

a Carbon | Fi ction, srengt, ; diameter specimen. 

Diesel Piston ; $79 3.00 2.13 V4 34,100 The cooling omy 
was comparable to th a 
Ammonia Compressor Piston 3.84 3.18 1.98 7/16 33,475 : diameter test bar fo: : chown * 
Air Compressor Piston 3.71 3.17 1.67 3% boss 32,760 Fig. 2, the tensile sti ngth is ap. 
% boss 30,875 proximately that of a 3'/) in. diame. 
ter test bar. This cooling rate js a}. 
substantiated by the actual Brinel] 
hardness. The piston had a hard. 
ness of 179 as compared with 4 

Brinell hardness of 173 in the 

in. diameter bars. The fact that the 
¥g-in. section had a slower cooling 


CHEMICAL ANALYSES AND PHYSICAL PROPERTIES 














of 185 is close to the indicated hard- piston rod. This boss is cast solid, 
ness of 180 in the test bar. as illustrated in Fig. 11. Tensile 
An ammonia compressor piston, specimens were taken from the 7%- 
shown in Fig. 7, weighs 30 lb. and in. section, and the 314-in. boss, as 
four are cast in a green sand mold. shown in Fig. 11. One-quarter in. rate than a test bar of the same Gy 
rhe section size varies from 5/16 to is allowed for finish on the casting. ts glee dedicated in Fic. 12 x & 
7% mM., with /-in. finish. A draw- The %-in. section had a tensile size of the graphite and 
ing of this piston is shown in Fig. 8. strength of 30,875 psi. and 179 eicamniitiins 
A tensile bar was cut from a 1/16- Brinell hardness; the 314-in. section Table 2 shows the chemical 
in. section, as shown in Fig. 8. The alyses and physical properties 
tensile strength was 33,475 psi. and each of the castings. Although then 
Brinell hardness 192. , m4 is some variation in the chemic: 
The actual cooling rate of the eg analysis, the T.C. plus '% Sj 
casting is comparable to that of a bon equivalent) is within the speci 
2'%4-in. bar since, as illustrated in fication limits for this iron. 
Fig. 2, the 33,475 psi. tensile 
strength is comparable to the cool- Conclusions 
ing rate of a 24% in. diameter test 1. A test bar can be used to pre. 
bar. Also, the Brinell hardness of dict the physical properties of 
192 again compares favorably with casting only when the cooling rat 
the indicated figure of 180. Figure of the test bar is comparable to t! 
9 is a photomicrograph of the test cooling rate of the casting 
piece, which also indicates a slower 2. To predict the strength of : 
cooling rate than that of a 7/16 in. given casting, the volume-area rat 
diameter test bar. can be used to compare the 
An air compressor piston, shown Fig. 5 (above)—Diesel engine pis- ing rate of a test bar and th: 
in Fig. 10, weighs 160 Ib. and is ton casting. ing. 
cast singly in a green sand mold. 3. The cooling rate of castings i 
The section size varies from 5% in. Fig. 6 (below) —Cross-sectional affected by internal cores. Under 
to 3% in. at the center boss for the drawing of deisei engine piston. these conditions, it is not possi! 
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Graphite, unetched. 100X. Pearlite, etched. 1!000X. 


Fig. 9—Photomicrographs showing graphite and pearlitic struc- 


ture of cast iron used for ammonia compressor piston 


Fig. 7 (left)—Ammonia com- 
pressor piston casting. 


Fig. 8 ( below Cross-section- 
al drawing of ammonia com- 
pressor piston 
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HUB IS CAST SOLID 





TEST BAR 
Fig. 11 (above)—Cross-sec- 


tional drawing of air compres- 


sor piston. 


Fig. 10 (left)—Air compressor 


piston casting. 








Fig. 12—Photomicrographs showing graphite and pearlitic struc 
ture of cast iron used for air compressor piston. 


Graphite, unetched. 100X. Pearlite, etched. 1!000X. 
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WHAT MANAGEMENT 


SHOULD 


KNOW ABOUT TIMESTUDY 





Phil Carroll, Jr. 
Registered Professional 
Engineer 

Maplewood, N. J. 


IN ANY SURVEY of timestudy 
and wage incentive methods, doz- 
ens of differences will be found. 
Some of these inconsistencies result 
from unlike concepts. Some are 
caused by negligence. 

Either of two groups is at fault 
according to which way we look 
at the cause. Timestudy men may 
be at fault for not insisting upon be- 
ing allowed to do their work cor- 
rectly. Management may be to 
blame for not hiring the right kind 
of men. However, fixing the respon- 
sibility does not solve the problem. 

Whether we have an old incen- 
tive plan that has become sadly 
dilapidated or are about to start 
a new one, there are certain sound 
fundamentals which must be un- 
derstood before we can expect to 
get the best over-all results. Man- 
agement should understand these 
fundamentals because it is respon- 
sible for the success of the enterprise. 
Management should know the dif- 
ference between right and wrong, 
whether it is hiring timestudy men 
for the work or using its own men. 

One of the first things to be 
straightened out is the difference 
between incentive and base wage. 
These two have been mixed until 
many people cannot see a distinc- 
tion. In part, this results from long 
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use of piecework with monetary 
rates. Also, it comes from the ex- 
tensive use of the low base rate- 
loose standard incentive plans. Both 
types have given consideration to 
compensation primarily without 
regard for work measurement. 

Much of the mixed thinking car- 
ries over from the past wherein 
incentives of many types have been 
“figured out” from past perform- 
ances. These abortions are at the 
root of most of the negative reac- 
tions to wage incentives. They were 
the chief reasons why we had “rate 
cutting.” There are other reasons, 
of course, which in the main have 
to do with poor timestudy. These 
will be developed later. 

But the point is that there is no 





Sound incentives result 

in higher take-home 
wages, lower costs and in- 
creased productions. For 
as small an investment of 
time and money, these 
benefits cannot be ob- 
tained by any other means 
now available. It is good 
business to give serious at- 
tention to sound timestudy 
-wage incentive adminis- 
tration. Management 
should endeavor to be as 
soundly practical in this 
field as it considers itself 
to be in other parts of 
business administration. In 
so doing, it will directly 
improve its employee 
standard of living and bet- 
ter the operations of the 
business as a whole. 











uniform measure of work done wher 
the incentive base varies betwee 
plants. There is no standard defy). 
tion of a fair day’s work. The yard. 
stick has different lengths and th 
differences in length greatly exceed 
the variations between the sever 
patternshop shrink rules. Looked x 
from one side and assuming com. 
parable base rates, the differences 
are reflected in unlike earnings, and 
hence, costs. From the other sid 
the earned rates may be comparable 
and the differences in work stand. 
ards will then be shown as differ. 
ences in base rates. 

Here is where we should beg 
to take stock. It is apparent that 
two general trends are working on 
base wages. One is moving all rate 
upward. The other is making bas 
rates consistent for a company and 
even for an industry. Both trends 
disregard differences in standards 
established for wage incentives 


Revising Standards 

When previously set  incenti 
standards have been made loose | 
compensate for low base rates 
these two trends wipe out some 
portion of the wage differentia 
Then, unless the standards have 
been revised accordingly, the cost 
includes two payments for the 
same thing. It includes the cost “ 
the raise and the cost of the extra 
time in the standard which wa 
allowed previously to offset the lov 
base rate. The extra time is equiv 
lent to an increase in base rate and 
applies as a percentage multiplier 
to every increase added to the 
hourly rate. 

So it happens that thos 
which set loose standards to malt 


e plants 








































































rates will have ex- 
ause the wage scale 
ndependently of the 
s. The higher the 


the greater will be 


itbut. Many reasons 

us that there is little 

base rates being the 

lly for the same job. 

seems to be plenty 

inting toward a grow- 

as time goes on. 

appears increasingly 

eet uniformity in the 

work measurement 

thout uniformity in the 

day’s work, the cor- 

equalities in wage rates 

those inequalities and 

:rov over into greater differ- 
es in “take home.” 

The solution to the problem lies 

non understanding of a 

perator performance. Nor- 

t average. Average is high- 

ind changing. Average is 

ch should be crossed out 

study language and par- 

rly omitted contract 


irporting to define the ba- 


from 


incentives 


True Measurement 
cessary to have a “yard- 
which is constant—a measure 
does change from one 
nt or plant to the next. 


yardstick 


not 


should be the same 
good times and poor. The rea- 
is that there is but one fair 


to pe rfiorm an operation under 
specific set of working conditions. 
[his can be attained only by hav- 
bench mark or common base 

f reference. Such it is hoped will 
the work of the Na- 
nal Rating Committee of the So- 
the Advancement of Man- 
gement. It is planned to produce 
tion-picture films of typical op- 
rations at known rates of operator 
erlormances. These will be stand- 
cause they can be shown at 
lentical projector speeds anywhere 
the country, thus establishing a 
mmon basis for measuring work 


sult from 


The Big Variable. To some man- 
gements and timestudy men effort 
‘ating means nothing because they 
not know that fair standards can- 
e set unless the performances 
are rated in terms of a 
They still think in terms 


aq 


of average times, which are unfair 
and inconsistent. Averages of poor 
performances produce loose stand- 
ards. Averages of best operator times 
result in tight standards, and it is 
foolish to think that one can select 
a normal performance without being 
skilled in effort rating. 


Rating 

Rating is the appraisal of the ac- 
tual pace at which the work is being 
done. Rating is vital to currect time- 
studies because the actual pace may 
be anything from 50 per cent to 200 
per cent of the normal sought. It 
goes without saying that herein lies 
the largest variable in the whole 
timestudy procedure 

Consequently, there are two bene- 
fits to be derived from film stand- 
ards of known performances. Most 
important, they can provide the ba- 
sis for establishing a uniformity in 
task level so that with like base 
rates and like performances the 
“take home” will be practically the 
same. 

Timestudy such 
films as gauges to their 
ratings. Standardized films can be 
made to provide training for time- 
study men and others in correctly 
judging the actual performances be- 
ing studied. Thus work measure- 
and incentives could be 
brought to the same standard of ex- 
pectancy and, as the author sees it, 
into the same range of uniformity 
as base wages for like work are ap- 
proaching. 


men can use 


measure 


ment 


Beware of Simplification. With 
the same concept of normal per- 
formance, there is another type of 
mixture which distorts earnings. 
This is one for which management 
and accountants are largely to 
blame. Their thinking is in the 
right direction. Sometimes, it is in 
an attempt to meet a laudable need. 
often it is urged 
timestudy men in a mistaken desire 


However, upon 


to save overhead. The importance 
of simplifying the incentive plan, 
without fully recognizing the costs 
of simplification, is overstressed. 


Delays 

One of the most important fun- 
damentals to be understood is that 
fair incentive plans cannot be sim- 
ple. To be fair, allowance must be 
made for delays beyond the con- 
trol of the operator. Delays should 
not be included in the standards 
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because variations in the actual de- 
lays from the averages which might 
be allowed will directly affect op- 
erator earnings. 

Separate allowances must also be 
made for differences the 
actual and normal working condi- 
tions. Otherwise, the differences will 
affect take-home pay. Variations in 
the amount of work to be done and 
delay time which interferes with pro- 
duction are two complexities which 
cannot be averaged into the stand- 
ards if the incentive plan is to be 
fair. Therefore, it should again be 
emphasized that incentive plans can- 
not be simple and, at the same 
time, be fair. 

Piecework is a type of oversim- 
plified incentive plan that is often 
mentioned as highly desirable be- 
cause it is so easily understood. Of 
course, so much a piece is easy 
to explain because the transaction is 
exactly like that carried on in or- 
dinary shopping. But so many dol- 
lars and cents per piece cannot be 
fair takes in a lot of 
averages which sometimes work in 
favor of the operator and at other 
times have the opposite effect. 


between 


because it 


Piecework 

Then, too, piecework is always be- 
ing subjected to compromises of 
many which means that it 
soon loses its relation to work done. 
Besides, every time there is a change 
in wage rates the piecework prices 
must be recalculated or adjusted by 
compound percentages. This latter 
contra- 


sorts, 


“simplification” certainly 
dicts the initial premise. 
Another simplification which re- 
sembles piece rates is that worked 
out in terms of pounds or tons. In 
foundries and mills the 
called “tonnage rates” is often used 
These simplified 


clude gross inequities because they 


steel basis 


“rates” usually in- 
are based on averages. 

Such simplified incentive appli- 
cations have the obvious advantage 
of somewhat easier explanation and 
computation. But, in addition to be- 
ing unfair, there are other factors 
to remember. In the first place, the 
ease of explanation at the time of 
introduction will soon be over- 
shadowed by a perpetual stream of 
explanations of those conditions 
which adversely affect earnings. In 
many cases, additional allowances 
will be made. As a result, the worse- 
than-average conditions will be paid 
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for twice. Thus endeth the first les- 
son—do not use averages. 
Oversimplification of an incentive 
plan may save some clerical costs, 
to be sure, but that is being penny- 
wise and pound-foolish. Simplifica- 
tion is effected by using averages 
for varying conditions and delay 
times. Averaging these expenses and 
including them in the standards may 
save the clerical cost of computation 
and distribution, but would hide 
wastes which, if known, would cer- 
tainly be reduced and salable pro- 
duction salable 
pieces can absorb not only the cost- 


substituted. Good, 
ly items of overhead but also the 
relatively insignificant cost of a few 
extra clerks. 

Costs of the wastes continue un- 
til eliminated, no matter how they 
are concealed. A sound fundamental 
of good management requires first 
of all that the time facts be re- 
vealed. This will require more in 
clerical effort, but the additional 
cost can be offset by reducing pro- 
duction interferences. 


Extra Items 

Extra time or work must be paid 
for if the incentive plan is to be 
fair. These extra items should be 
at a minimum when management 
control is really effective. Under 
such conditions, there should be no 
reason for paying “average incen- 
tive earnings” for day-work time. 
However, if management gives way 
to pressure for this “fringe issue,” 
it should be correctly analyzed as 
such and tacked onto the base rate. 

“Can’t Be Done.” Suggested by 
what has gone before is another 
dreadful pitfall into which many 
managements tumble. There is no 
excuse for falling because it can 
be seen far in advance. It is funda- 
mental that it is not the amount 
of earnings which cause the troubles, 
but the differences. It also is true 
that if incentive is good for some, 
it is good for all. It is known in 
acvance, then, that incentive must 
be provided throughout the shop 
if in one department. 

“Tt can’t be done,’ say many 
otherwise capable executives. Some 
have been heard to insist that in- 
centives could not be applied in 
their businesses, even when they 
knew of successful application in 
almost identical shops. 

“It can’t be done” is not the 
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answer to the highly skilled man 
on day work who earns less than 
lower-rated operators on incentive. 
“Tt can’t be done” is not the an- 
swer to the large proportions of in- 
direct people in many plants where 
incentives have closed up the wage 
differentials. “It can’t be done” will 
not satisfy the foremen who take 
home less than the people on in- 
centives whom they supervise. 


Incentive Opportunities 

It can and must be done in or- 
der to provide incentive opportu- 
nities for all. And these should not 
be the “figured out” kind which ar- 
bitrarily pass on to the day work- 
ers some percentage increase cal- 
culated from the earnings of those 
on incentive. That too is an over- 
simplified method of granting what 
amounts simply to a pay increase. 

It is easy to fall into these pro- 
cedures. But they are treacherous. 
To begin with, there is no assur- 
ance of an increase in output com- 
mensurate with the greater pay. As 
a rule, there is not a direct relation 
between the efforts of indirect and 
direct general, the 
proper ratio of indirect to direct is 
a changing one, being high at low 
volumes and low at high volumes. 


workers. In 


In the second place, and this is 
more important, such schemes do 
not have any record of the work 
content of the jobs involved. Con- 
sequently, there is no logical means 
for adjusting the incentive payments 
as the ever-changing methods make 
it necessary to alter the number of 
people assigned to the work. 

Consequently, either unjustified 
accusations of “speed up” are 
aroused, or what is worse, payments 
of unearned premiums are con- 
tinued. The author feels that this 
latter is the more detrimental be- 
cause the unfairness grows with im- 
provements to the point where the 
producers complain about having 
to work to earn their premiums 
while others can get as much by 
loafing. When this stage is reached, 
the whole setup is in jeopardy. 


Poor Timestudy Men 

It Costs Too Much. Many of 
these problems apparently cannot 
be solved because the timestudy men 
do not know how to measure work 
which is not routine. Here is an- 
other fundamental which manage- 
ment cannot afford to  side-step. 


Management must 
poor timestudy men 
expensive in the long 

Skilled timestudy 
quired to measure nor 
erations. They must 
make the maximum 
studies by the standa: 
od. This is where the d 
Of course, “it can’t | 
the ordinary “rate-setti: 
of direct timestudy. Not 
cost too much, but direct times 
cannot provide incentive unti! 
the nonrepetitive job is 

If timestudy men cling to the 
ditions of continuous watch read 
ings, average times, and perfecting 
the methods before setting 
standards, they 
around to complete coverage by jp. 
centives. The answer is to get p 
big enough to do the job of m 
uring out-of-the-ordinary types 
work. | 


never will 


Bigger men will help in 
ways. For example, the right 
will not “go along” 
the crimes perpetrated in the na 
of incentive. They will prefer 
work in other plants. They 
have more of a professional attit 
toward their work and refus 
do things which may be exped 
but incorrect. 


with some 


Human Relations 


Men who can do a good 
and stick by their guns will 
only solve many of the so-called 
problems of incentive but will bx 
acceptable for promotion into ex- 
ecutive positions. They 
broad enough to understand that 
sound timestudy work is largely hv- 
man relations, not stop-watch eng- 
neering. 

Standards Must B 
Timestudy men who can do a 
job will insist also that stanc 
must be kept in line with work 
done. They cannot be induced ' 
put off the revision of a standarc 
after the method has been changed 
They know that the longer it 
postponed, the more difficult wil 
be the justification when revised 

There is no escape from the eve! 
present problem of maintaining 
standards. Failures in and of them- 
selves usually do not cause as muc 
trouble as the patchwork remecie 
applied in other directions in 4 
tempting to offset the oc:ous com 


will be 


Changed 
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by the failures to 
red conditions. Two 

? ade one right. 

l; d incomplete main- 
illows a soundly es- 
tive plan to become 
as one set up by 

The earnings be- 
and inconsistent. Re- 
roduction usually sets 
pile up. Compromises 
edents and the spiral 
en management thinks 
too far it may try to 
by saying “No!” Then 
to arbitration. 
Arbitrate Standards. 
rtsighted management 
that arbitration is an 
way to solve the prob- 

Su s; not true for several 

tration usually ends in 

ise. But that is not 

nt. Splitting the differ- 

the way to determine 
tandards. Some part of 

rl ontinues. The real solu- 
problem starts way back 
methods were changed, 

n the standard should have been 

strict conformity. 


Correct Procedure 

However, having thought that 
would effect a cure and even- 
having reached an impasse, 
proper solution is not arbitra- 
[he only correct procedure is 
select a thoroughly competent 
imestudy man and engage him to 
termine what the standard should 
In this way the principle that 
tandards should measure the work 
tent of the job is not, violated. 
which “are 
ing on both parties” are not 
eated 


ted. 


\lso, inconsistencies 





Explaining Timestudy. There are 
many other things which manage- 
nt should know about timestudy. 


Var f 

Many of these are properly cared 
tr when management picks out 
gh-grade men for timestudy work 


those who have a professional at- 
tude toward their jobs. For ex- 
ple, the problems which arise be- 
iuse the organization has not been 
structed in the methods of time- 
recognized and met. 

“ood timestudy men would not 
ike the mistake of neglecting to 
the supervisors and union 
tewards. They would know that 
he industrial relations problems 
crought on by timestudy and wage 


incentives can best be overcome by 
anticipating them with ample ex- 
planations. The explanations should 
not be technical. The shop folks ar 
not interested in techniques. They 
are more confusing than helpful 

Nevertheless, all questions must 
be answered satisfactorily. To do 
this requires that definite policies be 
established. The rules must be set 
down. If they are not definite, the 
explanations will be weak, of neces- 
sity, and the “cover up” will be sus- 
pected. Then there can be no con- 
fidence that the future will be dif- 
ferent from the past. Confidence is 
an essential part of successful incen- 
tives. It must be thoroughly estab- 
lished and scrupulously maintained. 

As a part of the program of in- 
struction, two parts seem important 
enough to stress. First, precautions 
should be taken to see that new peo- 
ple are given the same benefits of 
understanding that were developed 
initially. If this is not done, then 
turnover will dilute the understand- 
ing to a point where anything can 
happen. An ounce of prevention 
should be given in the way of spe- 
cific explanations at the time the 
new employee is inducted. A printed 
explanation included in the em- 
ployee’s handbook will be helpful. 

In addition, the foreman should 
be obligated as a specific part of his 
responsibilities to again go over the 
full explanation of the incentive 
plan. This will improve the under- 
standing by repetition, even if no 
other gain is made. But organiza- 
tionally, it is necessary that the fore- 
man make certain that there are no 
misunderstandings. This vital step 
in sound administration is complete- 
ly overlooked in some organizations, 
and poorly done in many. 


Incentive Plans Not Known 

One of the reasons for this is that 
management has not realized how 
necessary it is and, therefore, has not 
made it a requirement. It has been 
side-stepped because foremen, in 
general, do not know enough about 
their incentive plans to make an un- 
derstandable explanation. This a 
sorry condition and, until it is cor- 
rected, avoidance of industrial rela- 
tions problems can hardly be ex- 
pected. 

As a stopgap, every foreman 
should be given extensive training 
courses in timestudy. And some day, 
if it is seriously desired to make in- 


centive plans operate smoothly, pro- 


motions to foremanships will go only 
to those apabl leaders who have 


4 
successfully served an apprenticeship 


in timestudy work 


Why Bother. All of th 


makes a big iob and requires a lot 


foregoing 
of hard work. Sound timestudy- 
wage incentives are no different 
from anything else worth while 
And, experience has shown that 
there are many elements of business 
administration on which manage- 
ment spends more time and money 
without nearly as profitable a re- 
turn 

[Through sound incentives ther 
are higher take-home waeces, lowe1 
costs and increased produ tions to br 
gained. These benefits are not obtain 
able by any other means now avail 
able for as small an investment of 
time and money Why not look 
square ly at the facts? Why not give 
more serious attention to sound time- 
study-wage incentive administration 
because it is good business to do s 
Let us stop dabbling in half-baked, 
half-hearted incentive schemes. In- 
stead, let us work diligently to be as 
soundly practical in this field as we 
believe ourselves to be in other parts 
of business administration. In so do- 
ing, we will directly improve the 
standard of living of employees and 
better the operations of the business 
asa whole Moreover we will he do 
ing something besides talk about in- 
flation something that will add 
real values to the national dolla 


DISCUSSION 


Chairman: R. J. Fisuer, Falk Corp., 
Milwaukee. 

Co-Chairman: F.E. Wartcow, Amer 
ican Foundrvmen’s Association, Chicago 

W. E. Georce’: Mr. Carroll spoke of 
the existence of only one fair time stand- 
ard. That time will vary with the in- 
centive opportunity, will it not? 

Mr. CARROLL: That is correct, but 
the opportunity, as I tried to indicate in 
the beginning, seems to have been worked 
backwards in trying to adjust for a dif 
ference in a wage level, from what might 
ultimately be a more uniform wage level 
In other words, there have been a num 
ber of plans established where, for ex- 
ample, the man was paid 40 cents an 
hour and was expected to make 40 cents 
more, because we wanted him te have 
an 80-cent take-home to be comparable 
with similar jobs in the area 

If now we pay him 80 cents for the 
same job, because they pay 90 cents 
across the street, then the level for the 
incentive must be made consistent with it 

Mr. Georce: The standard in that 
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case would give you $1.80 if you raise 
the rate to 90 cents. I am speaking of 
the fact that you can put in the incen- 
tive plan to pay off 20 per cent for 
normal maximum output or you can put 
it in to pay 30 or 35 per cent. 

In terms of Society for the Advance- 
ment of Management studies, will the 
pace you picture represent a pace that 
is one for the below normal or above 


normal? 
Mr. Carro.u: It will be a statistical 
summary of opinions throughout the 


country. I have suggested that such will 
be a 45-unit hour. I do not know what 
the answer will be. Irrespective of the 
level established from this, it would still 
be possible to set up a plan so that you 
would pay 20 or 30 or 70 per cent over. 

Mr. Georce: I believe that it is 
easier to establish the top than it is to 
get it to 45 or 50 or 60 per cent, where 
you want it. 

Mr. Carroui: Yes, and I will agree 
with you that the top is established by 
the customer, and if we work back from 
that, we have got the top on the one 
hand. If your union establishes the bot- 
tom, on the other hand, I would like to 
suggest that there is a uniformity re- 
quired, which may be in the nature of 
25 per cent premium. 

Mr. Georce: I agree with the 25 per 
cent, we will say for the moment, but 
that will be a 64-unit hour, if you ex- 
pected the employee to earn 80, rather 
than a 60-unit hour to pay base rate. 
In other words, in one plant the standard 
would be 60 units, in the other plant 64 
units, if your normal top expectancy is 
an 80-unit hour. 

Mr. Carrot: I do not think there 
is a top expectancy in a well-operated 
plan. 

Mr. Georce: I use the words “nor- 
mal top” figuring there are always some 
who will exceed any standard. 

Mr. Carrot: Yes, but I was en- 
deavoring in this group to close some of 
the gaps between a 30-unit hour and a 
60-unit hour, more than I was between 
an 80 or a 75-unit hour earning ex- 
pectancy. 

J. A. Westover’: I am wondering if 
it would not be well to say something 
about expressing standards, cither in 
money or in time. Too many timestudy 
men have the problem of trying to con- 
vince management that they should ex- 
press their standards in time, and man- 
agement seems to want to keep it simple, 
as they term it, by expressing it in money. 

Mr. Carroit: You can not allocate 
overhead on a wage dollar basis and get 
the right answer. You can not plan pro- 
duction on a piece-work base and get 
anything that will work. If you attempt 
it, you must also operate a time basis, 
and for that reason, and in view of the 
ever-present tendency to change wage 
rates every time you rewrite a contract, 
I am not in favor of piece-work. The 
reasons for that are several. 

First, we immediately mix compensa- 
tion and measurement, and the time- 
study man cannot solve the problems 
which result. In a great many situations 


Westover Engineers, Milwaukee, Wis. 





WHat MANAGEMENT SHOULD KNow Apo: 





he has no voice whatever in wage rate, 
because that was negotiated in the con- 
tract, and because the intent is the same 
on the worker’s part as it is on yours and 
mine, to try to get all he can for as little 
as possible. He puts the pressure on the 
piece-work price, so we compromise it 
here and there, to satisfy the complaint. 

Next year when we negotiate another 
contract we re-figure all of the piece- 
work prices or add on another ‘one of 
these accounting simplifications, in which 
we figure from the old base, four changes 
back with compound percentages, and 
then wonder why the shop man cannot 
understand. 

But my reasons are much more funda- 
mental than that. Wage incentive, as I 
see it, is only a means to an end. The 
only purpose of wage incentive is ade- 
quately to reward the man for what he 
does and to sustain his interests in going 
along at a pace of operation that you 
can depend on when you make a quota- 
tion. 

When you have time standards, wage 
rates which have been established by the 
contract, and you know what this group 
or department has averaged for the last 
six months, you can predict what the 
production cost will be almost within 
nickels. 

CHAIRMAN FisHER: You spoke about 
placing incentive on indirect labor. Could 
you give us any concrete examples, for 
instance, how to set incentive on crane 
operators? On what basis would you 
establish it? 

Mr. Carro._: In many foundry oper- 
ations the crane man has considerable 
control over amounts of delay time, and 
that would be one of the substantial 
factors that I would consider in placing 
him on an incentive basis. Under a well 
established incentive plan, we have a 
measure of how much delay time there 
is, and if by a little more diligence on 
his part he can reduce that a certain per 
cent, I would be one of the first ones to 
be willing to reward him for it. 

Now, to answer Mr. Fisher’s question 
in a more general way, the way I would 
approach a question such as that is: 
What is it we are trying to accomplish? 
If, for example, in a steel foundry, where 
the man is using acetylene to burn off 
the gates, risers, and heads, we wanted 
to make some cost reductions of value 
there, I would not forget the fact that 
the acetylene is worth more than the 
man. So an incentive plan that would 
be based on that kind of casting clean- 
ing should have some substantial portion 
based on the cost of acetylene and some 
portion based on the man’s diligence. 

MemsBer: Have you any suggestions 
on setting the standards on something 
such as contributory labor, melting de- 
partment or cupola furnace? 

Mr. Carrotit: Most everything we 
find has a time measurement, irrespective 
of the plan which might be worked out. 
Take, for example, this crane operator 
question. I would start with timestudy, 
and you would say, “Well, this man does 
10,000 jobs. Why start with timestudy?” 
Suppose at the start we decide that there 
should be four crane men per 100 oper- 
ators, or what have you, and later we 


make a change. 

Are we not going to 
accusations, false though 
rate cutting because lat: 
should be three men, or \ 
people in the producti 
which means three cran¢ 
handle it? When we hay 
to what was in the allo, an f 
men initially, we have n¢ aes 
of changing to something cls 

So I would start with timest 
in every case, and in anyt z 
tively simply as electric { 
tion, it is almost as cl it 
center floor molding. 

MEMBER: You mentioned that w! 
an improvement is made on * 
improvement in the method for de > 
the job, then the standards should be 
changed simultaneously. What me) 
should be used to remunerate Yt 
ployee who suggests that in provement? 

Mr. Carroui: I think the remyne 
ation should be through a well-estab. 
lished suggestion plan, and do not oes ‘ 
the operator did not go beyond the sr. 
ond grade and try to get him to trac 
100 cents on the dollar for 10 cents 

I do not- know what amount it should 
be, but the most successful plan I know 
anything about is the Lincoln Elect; 
plan in Cleveland, which has operated 
successfully with a 50 per cent basis 
Whether it should be 50 per cent for 
one year, 100 per cent for six months 
or some other percentage, I do not know 

I think that the suggestion plan, wel! 
operated, means adequate reward, ade- 


into effect, because the thing that the 
man is interested in, in the first place, js 
to see his own handi-work in operation 
so that he can point to it with pride 

So there are three phases to success 
ful suggestion operation, as I see it, but 
in total, I do not think it will solve 
more than 30 per cent of the problem 
You still have a couple of hundred years 
of incentive background, in which many 
of us still think that it is the man’s in- 
vention and the way to pay him is to let 
him keep on profiting from the old stand- 
ards. We have got to live that down 
first, and I think it has to be a good 
offensive in the way of a well-operated 
suggestion plan, not one in which a com- 
mittee of brass hats sits around and de- 
cides whether it ought to be $3 or $10 

No, it ought to be the difference in 
the standards, carried out in so many 
dollars, or based on, as you may choose 
a year’s activity, or if you wish to raise 
the percent of the award, a six months 
activity. Some folks have gone so far a 
to base it'on the previous activity in- 
stead of the forthcoming activity, 
order to cut it off and have it a clean 
cut calculation. 

Mr. Georce: Would yo 
than the average earnings? Let us take 
a dollar-an-hour-man, earning $1.30, and 
he is put on work that essentially cannot 


pay less 


be standardized. We are putting 4 new 
model into production, building up from 
10 pieces a day to 500 over three wee ks 
This is not exactly a trial period; t ® 

tting the 


getting the equipment read) 
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ction 
In order to answer 
11 go along with your 
1u cannot put it on 
io not agree. Let us 
yn 
You might have two 
standards at different 
e weeks. Would you 
porary standards? 
Not temporary stand- 
porar has a strange 
permanent, especially 
ads that at the end of 
ry standard shall be- 
I would not use a 
rd under any circum- 
had a distasteful flavor 
y years, because we in 
:nagement use the word 
ve can keep a string on 
d pull it back if we do 
ome. 
what I would call a plus 
: have standard data and 
timestudy department, 
1: purchased equipment on 
it was going to save you 
which had been pre- 
n I would compensate 
in extra time allowance, 
the casting got hard or 
t wet or any other extraneous 
led the casting. 
se part of the standard 
| always remain separate from the 
tandard. However, assuming that 
innot put the man on standard, as 
state is the case, I urge the use in 
ind similar cases of a carefully 
ight out, proper job evaluation base 
for that kind of skill. 
Suppose you had a 
perly thought out base rate in the 
example of a dollar an hour. 
Mr. CarroLtt: But you would not 
it for that kind of experimental 


Mr. GEORGE: 


work 

Mr. Georce: Essentially it is not ex- 
perimental work. It is carrying the job 
o. You are changing the job every day, 
wing the equipment, getting new 
res in the production line. I agree 
with you, if the standard were the plus 
alue, but many companies do not do 
that. They figure, “We are going to run 
nywhere from 100 to 500 and up it 

e and more each day until we get up 

” In that period, to me the dollar 
ithe valuated base rate. The man has 
men earning $1.30. If you call it an 
‘perimental period and choose to give 

an evaluation of 115 per cent of 
tase, you might do that. I wondered 
i you advocated that. 

Mr. Carrott: I advocate that be- 
cause lam deeply set against paying the 
average earned rate. 

Mr. Georce: So am I, but I won- 


dered if you would rather see it go back 
» the dollar or go back to what we will 
an experimental value stated in the 


‘sntract, 110 or 115 per cent of normal 
Yauation 


Mr. Carron: 


more 


A fixed amount is 
fair because if you and I are 
working together on such a job and, be- 
’use of your skill or energy you make 


$1.35 and I have been working at only 
$1.25, to guarantee each of us our past 
earned rate does not solve the problem 
One of the difficulties arises because 
usually we pick the better earners to 
carry on this kind of work. 

Mr. Georce: I tried to avoid that by 
giving you just the production line 
changing from the 1946 model to 1947. 
We merely picked the old line and 17 
workers on the line, so we did not de- 
liberately pick the best people. 

Mr. Carroii: To pay past earnings 
is another illustration of my initial pre- 
mise that we are mixing together com- 
pensation and measurement. There is no 
relatienship whatever between the out- 
put that is turned out during that period 
and any guarantee you might make. So 
why do we not call it day rate, and why 
do we not pay a rate for the job which 
is acceptable, or which, if it happens to 
involve an extra skill, as sometimes it 
does, the employee might have been 
earning $1.30 but this job might be 
worth $1.50, pay him $1.50. 

Mr. Georce: Essentially I am talk- 
ing about the dollar job, and I am ques- 
tioning whether he deserves more than 
the dollar when you have to take him 
off $1.30 incentive work temporarily and 
run it as a day-work job, maybe two 
days or ten days 

Mr. CARROLL: 
because you have kept insisting that 
there is no extra skill involved. We 
know in advance he has given us 50 per 
cent performance or a 30-unit hour on 
day work, so there is no deserving of any 
more than $1. That is not the question. 


The answer is, “No,” 


Mr. Georce: That is the question 
because many companies figure the man 
deserves to make more merely because 
he has been earning more. They lose 
sight of the value of the job, and see 
what the man has had as an income. 

Mr. Carrot: That is right. That is 
only an easy remedy for what they term 
to be a difficult situation. It is a way 
of avoiding grievances. 

C. S. Humpurey’: From your re- 
marks, it occurred to me that there was 
a greater difference between a wage in- 
centive plan and piece work than I had 
realized, possibly more than some of the 
other men have realized. I wonder if 
you would elaborate on the difference? 


Mr. Carro__: Do not misunderstand 
me. Both of them are incentive plans, 
and there are a lot of incentive plans 
that are expressed neither in time nor 
money. An incentive plan is anything 
which is brought into effect which will 
induce the employee to do something he 
did not do before or would not do other- 
wise. 

This suggestion award method is an 
incentive plan. That happens to be 
financial, but this idea of training pro- 
grams, so that people can move .up in 
the organization, is one of the primary 
desires. Most of us think wages are the 
primary desire, but all of your best in- 
dustrial psychologists will tell you that 
wages come way down on the list. The 
desire to get ahead, the opportunities 
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offered for advancement, training pro- 
grams, and all that kind of thing are 
incentive plans called non-financial 

The only difference between the two 
plans that you asked about is that in one 
of them the standard is expressed in 
time, and in the other it is expressed 
in dollars and cents. 

Unfortunately, prior to Taylor's time 
and in roughly 30 per cent of the coun- 
try today, we still continue the piece- 
work plan where we offer to pay 15 
cents a dozen or $3.50 a ton for turning 
out so much production 

Essentially that was time, in the first 
instance, because they decided that the 
employee could do so many units an 
hour, and then wanted him to earn 80 
cents, so they figure backwards, and that 
is the way they get the piece-work price 

There is a lot of good piece-work that 
was established from timestudy, and the 
quarrel that I have is not with piece- 
work as such, but that we have gotten 
away from expressing our standards in 
time, which will be universal. There are 
still 60 minutes in the hour so that time 
is not affected by economic conditions. 
All of industry operates on a time basis, 
not a money basis. 

The instant the customer agrees to 
give us the order, in the shop we are 
working on a time basis. So I have re- 
duced consideration of overhead to the 
simple explanation that overhead is a 
rental charge which the customer pays 
for using our facilities for a certain 
length of time. All of industry is geared 
to do a lot in the way of controls that 
cannot be worked out with money as a 
base. 

Suppose, for example, the molders get 
$1.25, and the workers at the shakeout 
get 80 cents per hour, and both rates 
have been used to set up piece-work 
prices. Production cannot be planned be- 
cause there are two different sets of 
figures mixed. You would have to use a 
conversion factor, which is the conver- 
sion equivalent of using a time factor. 

So that wage incentive, as I see n, 
is a way of continuing to get the mans 
interest in turning out a certain number 
of pieces with regularity. It seems to 
me much more convenient to pay on a 
time basis as we keep shifting contract 
wages around, and if we use time, then 
we can have business controls of one 
kind or another without going through 
all of the problems of changing over 
into money. 

We can allocate overhead correctuy, 
and we can plan production correctly. 
We can predict a lot of things in the 
line of improvements which bring men 
to a conference like this, where they can 
sée all of the better ways of doing things. 
Then it is a question of whether or not 
we get our money back. All of those 
things are much more easily done with 
time as a basic measure. 

MemsBer: In the jobbing type of op- 
eration, is it practical to write operation 
sheets to keep standards up-to-date? 

Mr. Carroitt: In my opinion, no. 
Operation sheets are a very decided ad- 
vantage, and they partially answer the 
question with regard to how you know 
whether or not there has been a change 
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in the method. 

For example, if a foreman were alert 
understood the timestudy _ busi- 
ness, he would know that 
expect an operator to make the anticipat- 
ed take-home unless at eleast he starts 
with the methods on which the standard 
was set. So if he had an instruction 
card he would know that much to start 
with. But you run into the law of dimin- 
ishing returns, where the advantages may 
not outweigh the disadvantages of the 
costs of instruction cards. 

In the jobbing foundries where you 
make two of this and six of that, and 
never them again, I would 
suggest that you might find some sim- 
plification, but by and large you could 
instruction 


and 


you cannot 


may make 


not have what I understand 
card to be because you could not afford 
it. 

Memser: I did not quite understand 
your answer to the question on experi- 
mental jobs. If an experi- 
mental job, I feel you cannot accurately 
determine the number of expense units 
to be added to that job, and you further 
feel that that job in order for it to be 
done properly would be necessarily given 
to one of your more experienced men. 
That man is used to earning, let us say 
72 or 78 units, however, and you know 


you have 


he is a conscientious worker, and you 
get good supervision. 

I am interested in knowing for con- 
trol sheet purposes whether you would 
enter that as day work, where you con- 
vert your unit hour to 40, or break him 
off at 60 or 72 or 78, the unit hour he 
is accustomed to. 

Mr. Carrot: I would break it off 
at 30. Maybe it should be 15, because 
if we do not know how many expense 
units there are in the total, I would cer- 
tainly the conservative side, be- 
cause if carried your control sheet 
over into perpetual inventories and other 
things, I would rather anticipate the 
shrinkage than try to write it off later. 

Memser: That is for con- 
trol, in other words. 

Mr. Carro.i: I wish you would not 
the word There is no 
such thing as an accurate standard, as 


be on 


you 


accurate 


use “accurate.” 
you know. 

MemBER: How are you going to re- 
munerate the man? How would he be 
paid? Suppose he just refuses to do the 
job if he does not get his double rate? 

Mr. Carroiit: Of course, that is 
where I suggested you might have a 
standardized specially prepared evalua- 
tion rate, fur that and many other things 
like it, if admit you cannot set 
standards on it. 

I will give you a case in point. A 
plant introduced a new model and they 
were in a tremendous hurry to get it on 
the market because their competitor was 
introducing something new and was go- 
ing to get it on the market first. 

In order to prepare the operation 
sheets, preliminary to setting standards 
from data, they borrowed some highly 
skilled tool makers whe had been earn- 
ing some substantial premiums, to write 


you 








Wuat MANAGEMENT SHOULD KNow A 


those operations sheets 
They borrowed them partially because 
they needed an extra force, but primarily 


because they had the skill to write the 
methods. The question arose, How would 
you compensate those men? They had 


been making, shall we say, $1.25 base 
rate and 35 or 40 cents more premium. 

The question was answered in terms 
of a specially prepared evaluation 


rate, and the management said, “But you 
. 


job 


cannot do that. That is more than we 
pay the timestudy men.” 

My answer was, “But the timestudy 
men cannot do it.” 

It is not, as I am trying to answer 


your question, related to what the man 
has been making at all. It might be 10 
cents an hour more or 20 cents less. It 
is what you would set up as a proper 
job evaluation rate for the kind of skill 
that are asking that individual to 
display, fully recognizing that he is prob- 
ably going to be, matter how con- 
scientious, operating at a day-work speed. 
The day-work speed is not his fault. Al- 
most first, last and always, it is manage- 
ment’s fault that he operates at the 30 


you 


no 


rate hour, because we do not get the 
material to him. 
MEMBER: Does a money standard 


give you more productivity than a unit 
or time standard? 

Mr. Carroii: I think that 
question can be answered. If the two 
standards represent the same value and 
if the operators understood the incentive 
plan with its complications, as 1 ex- 
plained it, I do not think there would 
be any difference. I can answer 
question the other way, but you might 
not care for the answer. 


do not 


your 


If we were introducing incentive 
plan to replace the piece-work plan, I 
think I could assure you of at least 30 
per cent increase in production, my rea- 


an 


son being that you would not be intro- 
ducing a new plan if you were satisfied 
with the old. 

MEMBER: What would you guarantee 
for an incentive plan over a day-rate 
plan? 

Mr. Carro._: In production or cost? 

MEMBER: Production. 

Mr. Carro.u: Fifty to 150 per cent. 
But management has to do the work. It 
is not the man in the shop that refuses 
to turn out more than 30 units an hour. 
It is because we do not get thé material 
to him and get it to him in such shape 
that he can work on it. 

You can take timestudy into a day- 
work shop and get a 75-unit hour, which 
is 150 per cent over a 30-unit hour, but 
only by segregating management’s errors 
and getting management to reduce them. 
You cannot eliminate them, but you can 
reduce them. I say you cannot; you can, 
but you should not because it will cost 
more to eliminate them than you would 
save by so doing, but you can reduce 
them. 


You can do a better job of planning. 
-You can make the stuff come more nearly 
You can have the flasks so they 


right. 





fit and have th 
all those 





em deli 


things to er 


to keep on working. M 
are just as anxious to 


we are, and t 
than they do, 
them. 


do 


becaus 


hey 
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plant was working stri« 


had 
with the possil 
48 to 42 hr. 


always done so 


vility of 


a week 


not desire to cut wages 


They 


engineers. 


called 
Th 


set up were these: 


how much the 
and above, bu 
that they woul 
than they did 

After the su 
ciency of the 
Our superior 


that figure to the packing 


in cons 
e requirer 
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t they wa 
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for 48 hr 
rvey we est 
group wa 
was reluct 


ment, so we increased it to 45 ; 
knowing we were on the 


ing to manage 
On my last 


ement’s spe 
visit to this 


to joining the A.F.A. staff, t! 
were earning a 25 per cent bor 


had increased 


MEMBER: Is 


tween wage ra 

Mr. Carrol 
tion in terms 
wage rate in t 


their output 257 
there a diff 
te and compensa 
.L: I think of 
of take-home. | 
erms of the bas 


hourly guaranteed rate, n 


are negotiated 


or worked « 


wage surveys or what not. 


The wage rate is what the 
get for every hour he is present 
he should get that regardless of ¢! 


we put him on. 
and we put him on a 60-cent jol 


If he is a 9 


cer 


, Ty 


sonally think we should keep or 
because we agre¢ 


him 90 cents, 
ize his skills a 


our fault if we do not keep him wor 


t a certain rat 


on jobs for which he is skilled 


that 


as his assured rate for 


present, excluding transfers 


The base pay plan is supplemented 
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adding the incentive earnings, and t 
total is what I term compensation 


Mr CARROI 
cluding, may I 


L (author’s cl 
suggest that we 


things in mind. 
1. Incentive standards should b 
gall 


from standard 


time data to 
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sistency of opportunity, fairn 
aximum coveragt 


vision, and m 


2. Standards should be 


ureé 
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revised Sin 


taneously with method change to avoid 


the difficulties involved with try 


to eliminate the excessive 
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to offset base 
going rates. 
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e The Subcommittee on Physical 

Properties of Gray Iron Foundry 
Sands 
Foundry Sand Research Project of 
A.F.A., adopted the procedure of first 
devising pattern .and testing equip- 
ment, followed by actual foundry 
work. Laboratory 
under way should yield test methods 
of practical value. 


at Elevated Temperatures, 


research work 





mittee on Physical 
ties of Gray Iron 


FIRST MEETING of this 
was held Oct. 30. 
Detroit. The duties of this 


were outlined as the 

f test methods that will 

1 by the gray iron and mal- 
foundries to measure the 
perature physical prop- 

1 molding materials and 


) performance specifications 


could be 


od whereby 


sary testing machines. 

ommittee agreed to first 
problem of developing a 
the shakeout 
ured to remove cores from 


measured by a 


laboratory test. The first step 


rogram 


was to devise two 
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core mixtures. 
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Fig. 2 


sets of pattern equipment which 
could be used in the foundry to pro- 
duce first a test casting with a rela- 
tively light thickness 
compared to the thickness of the 
core. Details of this test casting are 
given in Fig. 1. This casting is to 


be poured with gray iron at a meas- 


metal 


as 





Test casting for measuring the degree of penetration, 
quantity of veining, and quality of surface. 





temperature using core mix- 
of to 
secure a wide range of mechanical 


ured 
tures various compositions 
work to remove the core from the 
casting. This work is to be expressed 
in time of jolting required to remove 
the core from the casting. 


The second test pattern setup, 








































Fig. 3—(above) Core knockout pat- 
tern equipment for making the 
knockout test core. Fig. 4— (right ) 
Pattern equipment used to make the 
mold for core knockout test casting. 


as detailed in Fig. 2, is to be used 
to measure the degree of penetration 
and veining, also the quality of cored 
surface. The metal, at a controlled 
temperature, is to be cast against 
cores of different composition. From 
these foundry test castings, these 
various core mixtures are to be 
graded as to the ease of shakeout, 
degree of penetration, quantity of 
veining and quality of surface. 


Laboratory Evaluation 

After this program, these same 
core mixtures are to be tested in the 
laboratory, endeavoring to devise 
test methods that will evaluate these 
cores in the same order of ease of 
shakeout, degree of penetration, 
quantity of veining and quality of 
surface. 

At the present time, all of the pat- 
tern and core equipment has been 
constructed. The core equipment for 
the core knockout effort test is 
shown in Fig. 3, while the molding 
and pattern equipment is shown in 
Fig. 4. Two penetration test cores 
are shown in Fig. 5 as used for study- 
ing veining, surface finish, and pene- 
tration. Associate Professor W. A. 
Spindler and John Grennan of the 
University of Michigan, Ann Arbor, 


where the foundry tests will be 
made, have cast a number of trial 
castings from this equipment. 

The question as to the size of a 
laboratory test furnace that should 
be used in this problem has been 
raised. The majority of the dila- 
tometer furnaces used are equipped 
with a furnace with a 2-in. inside 
diameter hearth. Two larger dila- 
tometer furnaces which are available 





1 


for this investigation have heart! 
with an 8-in. inside diameter, havi; 
an available inside diameter of 
in. with an 11-in. length 

The heat transfer into a 1'x?-i1 
sand specimen is shown in Fig. 6 for 
these two sizes of dilatometer fur. 
nace. It may be noted that there 
very little difference in the rat 
heat transfer. The sand specimer 


reaches a furnace test temperatur 





Table 1 


Test Core MIXTURES AND PROPERTIES 

















Green 
Com " 
Moisture pression Core 
Per- in Test, Flow- Strength, Perme Strength, 39 
Mixture Material centage percent ability ps abil p 
Michigan City sand 99 F 
No. 1 Oil 1. 2.9 88 0.25 : 
Water 3. 
Michigan City sand 70 
Michigan bank sand 28 
No. 2 Cereal binder 0. 3.9 91 0.4 
Water 4.! 
Oil f, 
Michigan City sand 87 
Silica flour 10 
No. 3 Western bentonite 0.5 51 86 7 
Cereal binder 1. 
Water 5. 
Oil Raz 
Hayville gravel 49.0 
, Heap sand 49.0 > ae 0.5 41 
No. 4 Pitch compound 2.0 1.49 ats 
Water 73 4 
“ Michigan City sand 15. 
Heap sand 81. 
No. 5 Cereal binder 0.5 7.6 68 9.25 
Resin 3.0 
Water 8.5 
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he same time of 8 
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irnace. 

The heat transfer is 

"i r the large furnace 

: c. where the mois- 
s ed to steam. This 
_ heat transfer is dis- 
al it not- of sufficient 
practica nitude as this sand 
specit erature increases up 
to 204 
The 5 mittee’s method of 
fect St practical foundry 
—_ i then proceeding with 
she labe research work should 
eld test methods that will be of 
real pra value. 

The sé meeting of this sub- 
ommitte is held at the foundry 
f University of Michigan from June 
4 to 7, inclusive. At this meeting 
the core k kout effort was meas- 
red and degree of penetration was 

lied by actual foundry casting 


Preparation of Core Sands 
Al] ingre 


lients of core sand mix- 
weighed carefully and 
ced in a size 0 muller-type mixer. 
mmy batches were prepared be- 
test batches were mixed to con- 
the surfaces of the mixer. The 
sitions of core mixtures for the 
different sand mixtures 

1 given below, as are 


ved are 


core 


the order of adding ingredients and 
length of mixing time. 

Mix No. 1—lIneredients: Lake 
sand and oil added. Mixed 4 min 
Water added and mixed 6 min 

Mix No. 2—Ingredients: Lak 
sand, bank sand, and cereal binder 
added. Mixed dry 2 min. Water 
added and mixed 4 min. Oil added 
and mixed 4 min 

Mix No. 3 Lake 
sand, silica flour, western bentonite 
and cereal binder added. Mixed dry 
2 min. Water added and mixed 4 
min. Oil added and mixed 4 min 

Mix No. 4 Hay- 
ville gravel, heap sand and pitch 
compound added. Mixed dry 2 min 
Water added and mixed 6 min 

Mix No. 5—lIngredients: Lake 
sand, heap sand, cereal binder and 
resin added. Mixed dry 2 min. Water 
added and mixed 6 min. 
shakeout _ test 
cores were made of each core mix 
The 
jolts on jolt machine with a 3-in 
drop and with a 18.5-lb. weight rest- 
ing on top of the sand. Four block 


Ingredients: 


-Ingredie nts: 


Coremaking. Six 


cores were rammed with 25 


penetration cores were made of each 
core mix, employing ten jolts with a 
7-lb. weight resting on top of sand 
and ten additional with ten 
drops of 7-lb. weight falling 612 in 


rams 


For laboratory tests, the following 























Table 1 


Test Core MIxTuRES AND PROPERTIES 














Knock- 
, Average Casting Core out 
und lest — Average —~ Pouring Casting Cooling Knock- Sand Order 
re Core, Top Bottom Top. in Mold, Time, out, Temp., of 
f hy hr 100°s 100’ s °F. hr. hr. sec °F Finish 
5 3 65 76 2740 l 4.5 56 112 4 
} 68 90 2692 | 4.5 44 106 ] 
83 90.5 2746 l 4.5 315 138 3 
} 81 78 2650 l 4.5 479 103 5 
‘ 40 60 2765 1 4.5 18.6 137 2 








Fig. 5—Type of core used in pene 


tration study. 


test cores were pre pared for each 

mix in accordance with A.F.A. speci- 

fications or approved methods 
6—Tensile cores 


300—1'¥gx2 in. dilatometer test 


cores. 
3—Core permeability cores. 
3—-Confined expansion cores. 
3—-Hot gas pressure cores. 
Core Baking. All cores were fired 


in a foundry core oven at time and 
temperature as shown in Table 1. 

Molding. All 
with well prepared heap sand which 
tested: 


molds were made 


Green Permeability 36.0 
Green Compression, psi 7.1 
Moisture, per cent 9.2 


All molds were rammed with 25 
jolts with a drop of 3 in. Aluminum 
flasks and bottom boards were used 


with cast iron weights clamped in 


place. All the sand molds wer 
numbered. 

Metal. The molten metal was ob- 
tained from an indirect-arc, electric, 


rocking type furnace. Metal analysis 
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Fig. 6—Heat transfer into a 1¥gx2- 
in. sand specimen when inserted into 
two different sized furnaces. 


of the Table 2. 

Metal was tapped from furnace 
at 2800° F. +50° F., 
cal pyrometer for temperature meas- 
molds poured 
double-shank ladle 
readings 


mixes are shown in 


using an opti- 


urements. The were 
150-lb. 
and metal temperature 

taken. See Table ! for 


pouring temperatures. 


with a 


were average 
The penetration test castings shown 
7 were made on the first day, 
of these 
no penetration was ex- 


in Fig. 
and no more castings were 
made since 
perienced with the electric furnace 
iron of the composition used. Com- 
members have experienced 
with this test pattern 
when using cupola metal. A report 
will made covering this 
phase of the work. 

Casting Cooling 
knockout _ test 


mittee 
penetration 


shortly be 


Time. After the 
molds 


core werc 


Fig. 7—Penetration and veining test 
castings made from electric furnace 
iron. 
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Component 


Silicon, 


Total Carbon, 


per cent 
per cent 


Combined Carbon, pet 


Manganese, per cent 


Phosphorus, 
Sulphur, 


per cent 


per cent 








cent 





Table 2 
METAL ANALYSIS 
Mix Number 

l 2 3 
2.29 2.26 2.16 
3.11 3.12 3.02 
0.54 0.63 0.53 
0.269 0.273 0.318 
0.095 0.101 0.101 
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drop, as illustrated 











































: e in seconds of 

== o remove the core 

=== ng was used as the 

oval energy. This 

== rked satisfactorily. 

H is shown in Table 

fs spread of knockout 

d d. This gives a very 

4 orrelation of knock- 

high temperature test 

i work. The core 

— wr the five cores un- 
n in Fig. 9. 

oe sts at elevated tem- 

now under way on 

| made at the time 





res were made. 





present at the June 






d to make additional 






tration tests. Test cast- 
ide by Messrs. Satz, 


nd Olsen. The problem 










while extremely in- 






difficult to reproduce. 







ed that correlation be- 
knockout effort and 






will form our major 





ng along the research Fig. 9 below ) Spread of knockout time for removal of the five typ f cores 






ts on penetration as a under consideration in these tests 














Subcommittee Personnel 


of the Subcommittee on 





perties of Gray Iron 
Sands at Elevated Tem- 
the time this report was 

is follows: H. W. Diet- 
in; Day E. Cutler; J. 

Schur r; J. A. Gitzen; Wm. A. 
Spindler; H. G. McMurry; Leon B. 
hn Grennan; D. C. Wil- 
E. W. Olson; George F. Wat- 


E. C. Zirzow: and Arnold Satz. 
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RAMMED REFRACTORIES 


ELECTRIC FURNACES 





Robert H. Zoller 
Zoller Castings Co. 
Bettsville, Ohio 





BricK AND MONOLITHIC re- 
fractories in steel melting are fa- 
miliar subjects among foundrymen. 
The aptitude of brick or monolithic 
lining to the job is of prime impor- 
tance to the operator and the over- 
all foundry operation. 

Selection of the proper type of 
refractory should correct refractory 
problems and cut operating costs. 
Of course, no one refractory can be 
made to completely correct all prob- 
lems, but the job can be studied 
and the right type of refractory ap- 
plied to that job. The thought must 
be that an improved refractory can 
be developed for any job. Use of 
a refractory should be discontinued 
when it is known to be giving poor 
service and hindering production. 


Monolithic Linings 

Brick refractory used today in 
electric furnaces or ladles may be 
replaced in almost all cases with 
monolithic linings. However, brick 
cannot be replaced by rammed lin- 
ings in cases of arches or suspended 
sections where the refractory must 
support its own weight. Some work 
has been done on the development 
of a refractory mixture for ram- 
ming furnace roofs. 

In electric furnaces, where high 
temperatures are encountered, silica 
brick are used. Silica brick have 





Presented at a Refractories Session of 
the Fiftieth Annual Meeting, American 
Foundrymen’s Association, at Cleveland, 
May 7, 1946. 


been used for many years, and with 
sufficient care can be prepared for 
service without spalling or cracking. 
However, time for heating is re- 
quired or deficiency in the brick 
will be encountered. Temperature 
change is not responsible for all un- 
satisfactory performances of refrac- 
tory brick. A silica brick, within 
reason, has the same expansion as 
the brick next to it. 


Expansion 

However, laying of the brick may 
not at all times be such that expan- 
sion will be the same in all direc- 
tions. The principle reasons for this 
are: (1) the first row of bricks not 
started correctly; (2) bricks not of 
The first reason can be 


true size. 

corrected by sufficient care and 
training. In many cases furnaces 
have metal penetration in _ brick 


seams, entailing much extra work 
for preparation of a level footing 
for the first course. As to brick sizes, 
refractory manufacturers have made 
much progress toward producing 
brick of uniform size. 

A picture of the electric furnace 
lining has now been _ presented. 
Difficulties due to expansions, brick 





Selecting a refractory 

for the job; developing 
routine methods for refrac- 
tory installation and pre- 
paring the unit for service; 
drying and preheating are 
important factors in length- 
ening refractory life and 
decreasing foundry opera- 
ting costs. 











joints or seams, and leveling 
tom of side wall can be eliminated 
by using a rammed refractory. 4 
clean, irregular surface is al! that ; 
required for the foundation of a sd 
wall of a monolithic-lined furnace, 
For good practice, only a liquid bond. 
ing agent is required on this surface 
If for some reason a lining is | 
coming thin in a section, du 
burning of the arc or from corro. 
sion, the side wall can be increased 
in thickness at this section. A fur 
nace might, under certain 


This repair job would not be at al 
difficult as no leveling is required 
After the section has been thor. 
oughly cleaned and washed with a 
liquid bond or a dry bond mixed 
with water to make a wash, the r 
fractory is rammed into place. |! 
the surface of old refractory ha 
been properly cleaned and bonded 
metal penetration will not occur 
The expansion will be the same ir 
all directions, and proper densi 
obtained with skilled ramming 


Ramming Mixture Coarseness 

Rammed electric furnace bottom: 
are successful if a proper refractory 
mixture is worked out for th 
It has been found that ramming 
mixtures should have a high pe! 
cent of coarseness, and it is the 
author’s opinion that coarsenes 
should be increased almost to ti 
point of causing trouble in the ran 
ming operation. This gives great! 
fusion depth and, if a high-temper 
ture ganister is used, will alse 
raise the fusion temperature of th 
complete ramming mixture 

It must be remem! 
proper skill should be 
all ramming operations 


red that 
rcised in 
A bottom 
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Uethod of form construction for furnace side wall rammed refractor) 


ve aS great a density as 
[he density obtained by a 
g job will be cushioned 


dq ramming 


bound by the high percentage 

rseness in the refractory mix- 

is the coarse material has less 

nsion than the fines. Upon 
to high temperatures, this 
shion and binding are definitely 
led or sections will break loose, 
taking away refractory life from 
rammed unit. 

Ladles of different sizes can be 
th the same mixture or one 
to that used in the electric 

race side wall. Usually, it will be 
ind that standardizing refractory 
xtures will be of great assistance 
keeping them consistent. In some 
ladles with refractory bridges, 
le may be encountered and the 
ming mixture might have to be 
nged act ordingly. 


Refractory Heating 
Development of a highly bonded 
iractory, or one with a degree of 

well under top fusion tem- 
erature will not solve this prob- 

slagging of the refractory 
will be encountered. Proper heating 
' the refractory is important and 
will be discussed in a later para- 
graph 


_In refractory selection, the versa- 


tility the monolithic refractory 


and its aptitude for the job should 
be considered. In most cases, spe- 
cial shapes or cutting of bricks are 
out of the question. Forms are 
made for the furnace side wall, as 
shown in Fig. 1, and for a teapot 
ladle, as shown in Fig. 2. The forms 
are constructed to give the contour 
desired in a unit. 


Ramming Operation 

In many cases, for convenience, 
the form may be made in sections, 
either loose or joined together for 
adjustments in the ramming opera- 
tion. In extreme cases, where cer- 
tain sections of a furnace or ladle 
may require a patch, the form may 
be adjusted, blocked or wedged in 
such a manner that a new portion 
can be rammed in any part of the 
unit. 

In working out a good refractory 
for steel furnaces and ladles, three 
main points should be considered: 
fusion temperature and sintering 
range, fines or coarseness, and density 
of the ram. These points should be 
studied carefully. In steel furnaces, 
a refractory with a high fusion tem- 
perature is desired. It is not at all 
a simple matter to properly bond 
together a refractory mixture with 
a high fusion temperature. 

It is definitely desirable to use a 
good grade of high-temperature 


fractory mixture; (2 
or handling of that refractory mix- 
ture should be the same at all times 






+) 





ganister in the mixtur If advis 
able, a sized and washed ganister 
may be employed at no additional 
cost as compared with a good grade 
of ganister. Here is found a definite 
reason for improvement because of 
the certainty that a consistent 
amount of coarseness or fines is 


added to the mixtures 


This point cannot be minimized 


because it is important to use the 
high-temperature ganister in as great 
proportion as possible in the refrac 

tory mixture. Consequently, if prop- 
erly studied and applied, both fusion 
temperature and coarseness or fines 
may be used to their greatest ad 


Coarseness Proportions 


However, it is not advisable to 


use the high proportions of coarse- 
ness in a refractory mixture for a 
furnace side wall or ladle as that 
used in a furnace bottom. The rea- 
son for this is that a side wall can- 
not be properly bonded for heating 
The third point, density of ramming, 
is obtained by proper proportions of 
fines and skill in ramming. 


Here again proper proportions of 


of coarseness and fines play an im- 
portant part. A consistent result 
necessitates: (1) a consistent re- 


the ramming 


A furnace or ladle should always 


have a refractory drying period to 
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Fig. 2—Form construction for tea- 


pot ladle rammed refractory 
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obtain good results. This fact is be for steel, in most cases, it will a 
admitted in most cases, but few ladle be necessary to add a liquid bond —! 
departments have done much about to the surface. This will penetrate 
it, Ladles may be put into opera- into the refractory about one in. and 
tion with only partial drying of the — will hold the refractory from spall- a 


refractory and fair results obtained 
when operating a makeshift set-up. 


Properly Dried Ladles 

If an insufficient dried ladle is 
put into service holding high-tem- 
perature steel continuously during 
24-hr. days, it has been proved that 
the results will not be satisfactory. 
Usually, records will show 75 per 
cent, or less, of the efficiency realized 
from a properly dried ladle. The 
time required for drying ladles is 
about 2 to 3 hr. per in. if dried in 
an oven at 350° F. The moisture 
added for the bonding qualities and 
ramming is definitely undesirable 
after the ramming and should be 
totally eliminated, except for the low 
percentage of combined water in the 
mixture, before the unit is heated 
for use. 

Furnace and ladle shells can be 
easily prepared for drying. Small 
ladles, such as one-man shank ladles 
of 1 or 1% in. refractory thickness, 








ing through this period. Many 
liquid bonds on the market will 
answer the purpose. 

Proportions of the ingredients 
should be consistent at all times if 
the refractory is to be kept at high 
efficiency. The work area of the 
refractory department can be so ar- 
ranged that all work can be stand- 
ardized for the mixing operation 
Bins for the ingredients, with proper 
measuring tools, should be arranged 
conveniently. Measuring cans should 
be provided for the moisture or any 
liquid bond that might be added. 

Moisture, coarseness, fines, and 
bond can be added accurately. It 
is always a good practice to place 
all dry ingredients in the mixer and 
mix thoroughly in the dry state be- 
fore adding moisture. Usually, a 
ramming mixture will be satisfactory 
for ramming if the moisture is held 
at between 5 and 6 per cent. How- 
ever, to obtain maximum ramming 
qualities in some refractory mixtures 





RAMMED REFRACTORIES FOR ELFy 
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Fig. 3—Ladle 


face, electrodes 


letter “T,’ making a contact 
tween the three 
high-tap firing at intervals will fu 


the surface, as 


cover a 


may be 


the arc 1 


rected in any direction 


tom-fusing operation, the fur 
must be preheated to a red heat 
If the side wall is also rammed 


electrodes 


ed 
U 


ay 





should be dried before heating 


coke, but need not be heated t 
red heat such as recommended { 





need only an oven dry. The furnace 
and larger ladle shells should be pre- 








may necessitate varying the moisture 
content out of this range. 







pared by drilling or burning %-in. 
holes on 12 to 18-in. centers. This 
will allow the moisture to escape 
freely in all directions. 

With the proper drying of a %4- 
ton ladle with skimming bridges, 
and pouring continuously, it was 
found that with continuous pouring 
a 15-ton average could be main- 
tained through these ladles, as com- 
pared to the 3 to 5-ton average ob- 
tained with improperly dried and 


Dry Refractory 

Drying and heating for use of the 
electric furnace does not require any 
great skill, but a furnace should 
definitely have a dry refractory be- 
fore starting. The bottom can be 
burned in slowly with coke after an 
overnight or its equivalent period 
for predrying with burners or wood. 
This is a simple operation. The 
furnace is completely lined, with 


fusing bottoms. 


Standardization of refractory 1 
tures and maintaining routin¢ 


tices have always been necessary i 
making a good refractory mixt 
The importance of methods set 





in the refractory department, a 


care of the 


refractory 


in 


being repaired or rebuilt, cannot 


minimized. 


A method 


which 


may 


work 





one plant, of course, does not al\ 
work to a good advantage in another 
plant, but that is no reason for con- 
demning the refractory. Different 
operation necessitates different 
handling of metal; consequently, th 
same results may not be realized anc 
the refractory must be changed 
altered for the operation in which | 
is to be used. 


DISCUSSION 
Chairman: C. E. Bates, [ronton Fu 
Brick Co., Ironton, Ohio. 
Co-Chairman: C. S. Re! Chicag 
Retort & Fire Brick Co., Chicago 
Co-CHAIRMAN REED: W 
mixing equipment do you 
Mr. Zouuer: I have see! 
mixer, regular mullers, and 
mullers used. One refractor) 
mix that was used had a li! 
heats per ladle. That is cont 








roof and electrodes in place. 

A large wheelbarrow of coke for 
each ton of furnace melting capacity 
is leveled off over the bottom of the 
furnace. The electrodes are then 
lowered to the coke with power on 
and rheostats adjusted to low fire, 
with low tap. A short period of fire 
will induce the coke to burn in the 
center. At short intervals of firing, 
the furnace may be either dried out 
further while being heated for use 
or, if desired, the roof and side walls 
may be glaze fired. 

For many who have not used coke 
for this purpose, it is interesting to 
know that coke will make exception- 
ally good contact anc can be heated 
to a white heat if desired. If the 
bottom is to be fused on the sur- 


heated ladles. 

With reference to ladle drying 
time, the author wishes to emphasize 
that this time period is from the 
time ramming is completed to the 
time the ladle is to receive metal. 
The ladle is properly dried, then 
heated to temperature for the 
molten steel by the ladle cover and 
heater shown in Fig. 3 (for large 
ladles), and in this heating the re- 
fractory should remain intact. 

Spalling or breaking away of sec- 
tions may be caused by applying heat 
too drastically or by a direct flame 
against a portion of the refractory 
itself. The heating of any ladle is 
of prime importance and cannot be 
taken lightly. If the refractory is 
too low in bonding, which it will 





























el castings 24 hours 
is mixed in a cement 
ed muller was then 
life was increased to 
hs heats per ladle. 
ne high speed muller 
r cent coarse mate- 
high-fusion washed 
increased the lining 


urch Director, Steel Found- 


CHAIRMAN Bates: Mr. Briggs of the 
Steel Founders’ Society, did you observe 
any foundries where ramming refrac- 
sories were in use when you were in 
Germany a short time ago? 

C. W. Briccs’: Yes, I saw many fur- 
naces rammed with monolithic linings 
However, nearly all the furnaces were 
basic lined. The few electric furnaces 
using an acid lining were lined with 
silica brick. 

I should like to make the following 
comments concerning the paper by Mr 


#59 


Zoller. Rammed silicious linings for acid 


electric furnaces have been used for a 
number of years in a fashion similar to 
that described by the author It was 
regretable that Mr. Zoller could not have 
added to this information by detailing 
the procedure employed, such as; the 
time of mixing, the type and quantity 
of bond materials, sizing classification, 
moisture content, etc., instead of con 
tinually referring to the proper mixing, 
the proper degree of coarseness, and to 
other proper conditions 




















J. S. Vanick 
International Nickel Co., Inc. 
New York 


ENGINEERING PROPERTIES OF 
HEAT TREATED CAST IRONS 





GRAY CAST IRON as defined! 


embraces a product with an “as 
cast” strength range of 20,000 to 
80,000 psi., a hardness of 120 to 350 
Brinell, and a machinability that 
varies as the strength, hardness and 
structure indicates. This material 1s 
essentially the product of all gray 
iron foundries. It occasionally dips 
into the output of malleable iron 
foundries which deliver machinable 
gray iron castings without applying 
the malleabilizing anneal. 

Methods of manufacture, or alloy- 
similar foundry 
castings 


ing processes, or 
practices do not exclude 
from exhibiting changes in proper- 
ties in accordance with the funda- 
mental laws governing the heat treat- 
ment of cast iron. By resorting to 
the simpler analogy that cast iron is 
essentially a steel interspersed with 
graphite flakes, it is obvious that the 
laws governing heat treatment of 
steel apply in general to those gov- 
erning cast iron. Cast iron may be 
hardened, softened, strengthened, 
and to a moderate extent, toughened 
by appropriate heat treatment. 


Cast Iron vs. Cast Steel 

There is one important difference 
between castings of cast iron and 
steel. Practically all steel castings 
must be heat treated to break up a 
weak and brittle, coarsely crystalline 
structure that forms during solidifi- 
cation. Cast iron, in contrast, pre- 
cipitates graphite during solidifica- 
tion. 

This precipitation of graphite ob- 
scures and apparently obstructs the 
progress of crystallization such as 
occurs in steels, so that the amount 
and disposition of this graphite 
formed at the birth of the casting 


This paper was presented at a Gray Ircn Ses- 
sion of the Fiftieth Annual Convention of the 
American Foundrymen’s Association, May 10, 
1946, at Cleveland. 





largely determines the toughness and 
the strength characteristics, while the 
composition and rate of cooling es- 
tablish the final strength and tough- 
ness. This is a fundamental reason 
why cast iron, properly alloyed, de- 
velops excellent properties in the “as 
cast” form, whereas cast steel, es- 
pecially if alloyed, should be heat 
treated to develop best results. 

Unless the foundryman delivers 
heat treated castings to the pre- 
scribed physical property specifica- 
tions, it is important for the heat 
treater to know all about the compo- 
sition of his material to achieve the 
best results. This is especially im- 
portant for the heat treatment of 
production lots of castings where a 
close adherence to specifications is 
necessary so that a standardized heat 
treatment may be depended upon to 
yield uniformly desirable results. 
The most common heat treatment 
procedures in practice today are 
shown in Fig. 1. 

Stress Relief Annealing. Stress re- 
lief annealing is defined as the 
process of reducing internal stresses 
in a casting by heating it to a 
temperature below the transforma- 
tion range and holding for a proper 
time at that temperature, followed 
by slow cooling. When properly ap- 
plied, the treatment does not alter 





® The object of this paper is 

to simplify the description of 
heat treating processes, and 
contrast “as cast" with “heat 
treated" in as simple a compari- 
son as possible. The heat treat- 
ment of cast iron is comprehen- 
sively dealt with in the “Cast 
Metals Handbook" and “Alloy 
Cast Irons," published by A.F.A. 





the general engineering 
the material appreciab 


It serves mainly to 


trolled, slow, uniform rat 
to castings which by 
section, 


shape, 


method of molding and 
cooled in the mold at irregular ra: 
For such castings, heating 


1150° F. 


concentration of stress. In m 
mon cases, the treatment is applied 


to achieve 


thy 


YT 


compositior 


gating 


dimensional 


serves to relieve any 
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hilit 


where accuracy in dimensions 
required property. 


Castings should be heated ; 
(usually at a rate not exceedir 


100° F. per hour). Large casti 
of irregular shape and section 
be handled carefully to mak 


» 


that the heat penetrates unifon 
into heavy sections and box-sh 


pockets. 


Holding time at 


the 


nealing temperature need not ex 
one hour per inch of section, u! 

a lower temperature, in the 800-9 
F. range is used, where an additional 
5 to 6 hours may be added to 


pensate for the slower rate ol stress 


relief, as indicated in Table 


Most castings are used in th 
cast” condition. 
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Foundrymen hav 


applied practices which reduce i 
ternal stresses to a negligible tactor 
Designers have cooperated by pro 


mm 


viding uniformity and s) 
Many large castings 


sections. 


heavy section cool slowly and wu! 
formly in the molds and do 
tain enough residual 
quire an anneal. 


The frames, beds 
high precision machin 
stress relief annealed t 
of permanence in accu 
irregular shaped castin 
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Heot Treatment of Cast Iron 
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eatment of cast iron. increase in electrical conductivity 
with associated electrical properties ; 
also improved enamelability in the 
nnealed. Steam anil case of enameled ware. 
are a typical illustra- 
Softening for Machinability 
Aut ce drums and clutch Production castings which are to 
become heated in serv- be hardened by quenching and tem- 
free from stresses or be pering are often annealed prior to 
innealed; otherwise, ec- machining. Manufacturers equipped 
ay occur. Engine cast- with heat treating facilities frequent- 
cylinder heads, blocks, ly find it economical to apply a soft- 
et cetera, may re- ening anneal to castings such as cyl- 
nnealing, depending upon de- inder liners which after machining 
mm and foundry practice. In gen- are quenched and tempered to 
cessary stress relief anneal- achieve a high hardness. 
g lo no harm, but it will add The desirable pattern of the 
t of a casting. graphite which has formed during 
, the solidification of the casting is not 
Residual Stresses 
: “dual altered appreciably by the anneal. 
e castings, ¢ al stres 
np, | Hae ws ? The low temperature anneal (heat- 
necessary factor to successful ing within the critical range) is pre- 


ration. Piston rings are a typical 
Foundrymen and engi- 
in general have not learned 
troduce and control favor- 
disposed residual stresses which 
be employed to improve the 
equent performance of the 
ment. This remains an attrac- 
held for future research. 
Annealing. Annealing has been 
process involving 
iting and cooling usually applied 
softening. The engineer- 
roperties of cast iron are altered 
ing to the extent that the 
gth may be decreased 10 to 30 
the hardness decreased 30 
ts on the Brinell scale, and 
contain more 


nbdeaq aS a 


ture may 
nd ferrite. 
‘mprovements may occur to the 
small increase in tough- 
r thermal conductivity, 
ensional stability, and an 


ferred in volume production because 
of its time saving advantages. An- 
nealing treatments are illustrated in 
Fig. 1, and summarized in Table 2, 
covering Annealing Treatments. 
Annealing treatments “A” or “B” 
Table 2) are most commonly em- 
ployed. The “A” treatment requires 
close control, but it does not weaken 
the castings excessively and does not 
tie up furnace equipment to the 
same extent as “B” or “C.” Certain 
automotive castings such as pistons 


may be annealed to achieve an ag- 
gregate improvement in control over 
uniformity in the machine shop as 
well as dimensional stability under 
elevated temperatures 

The “B” 


weakens the iron 


treatment softens and 
The heating time 
may be prolonged until practically 
all of the carbon has been precipi- 
tated as graphite and a hardness 
of 120 to 140 Brinell is achieved. A 
maximum heating rate for small 
castings would be about 200° F. per 


hour, a sojourn at the annealing 


hour 
per inch of section, and a cooling 
rate down to 500° F. of less than 
100° F. per hour. Certain kinds of 


temperature not exceeding | 


hardware, typewriter parts, instru- 
ment housings and electrical equip- 
ment are typical castings. 

Many thin castings produced by 
permanent (metal) molds may be 
processed through the “B” or “C” 
treatments to achieve toughness or 
machinability. chill 
cast pipe and bushings are examples. 
The high temperature “C” treat- 
ment requires heating to “malleabil- 


Centrifugally 


izing” temperatures to produce ma- 
chinability in castings containing 
“chilled iron” structures, or “white 
iron” in their surfaces or edges. 


"Graphitizing” the Chill 

Heating at 1700-1800° F. (for 1 
to 3 hours plus | hour per inch of 
section) will usually break down the 
chill, provided chill stabilizing ele- 
ments such as sulphur, chronium, 
molybdenum, vanadium, et cetera, 
are not present in excess. The an- 
neal “graphitizes the chill” and re- 
stores machinability. 

The cooling rate may be timed to 

1) conserve the strength by air 
cooling from 1700° F. to 1000° F.; 
then furnace cooling at a rate not 
exceeding 100° F. per hour to elimi- 
nate residual stress, or (2) cool from 
1700° F. in the furnace or at a rate 
of less than 100° F. per hour to ob- 
tain a maximum softening compar- 
able to treatment “B” above. 


Table 1 


SUMMARY OF STRESS RELIEF ANNEAL TREATMENTS 


Heating Rate 


Per Hr.-Max. Stress Relief 


200° F. Slow, Low Temp. Anneal 

200° F. Typical for Soft, High Sili- 
con Irons ~ foes 

200° F. Typical for High Strength 
Irons 

*Viz—for 4-in. section; total time S hr 


Holding Time Maximum 
per Fach Cooling 
of Thickness Rate 


Temperatures 


800- 900° F. 1 Hr. + 5* 100° F./Hr. 
900-1050° F. 1 2 Hrs. 100° F./Hr. 
1050-1150° F. % 1 Hr. 100° F./Hr. 


























162 


Heat resisting castings such as en- 
gine exhaust manifolds may be al- 
loyed to possess a high resistance to 
heat. Then they may be annealed 
as described, for machining, while 
their alloy content remains to de- 
liver substantial improvement in sub- 
sequent performance. 

.In other cases this heat treatment 
is mainly used as a_ reclamation 
measure upon castings whose com- 
position is out of balance in terms 
of susceptibility to chill. 

Annealing is rarely employed in 
regular practice because foundry- 
men are aware of the need to main- 
tain machinability in castings and 
are skilled in the methods for achiev- 
ing it. Soft irons can be made with 
Brinell hardness as low as 140, and 
used without annealing where 
strength properties are unimportant 
and machinability is a dominant fac- 
tor. 

Quenching and Tempering. 
Quenching is described as a process 
of rapid cooling from an elevated 
temperature by contact with liquids, 
gases or solids. In the quenched 
condition, castings are relatively brit- 
tle and weak (Fig. 2), and for most 
conditions of service it is necessary to 
toughen them by a reheating process 
called “tempering.” 


High Hardness 

Tempering is described as the 
process of reheating a hardened cast 
iron to a temperature below the 
transformation temperature range, 
followed by any desired rate of cool- 
ing. The engineering properties ob- 
tainable are summarized in Table 3, 
and it is important to point out that 
the high strength is developed by the 
high temperature tempering, while 
the high hardness is developed by 
the low temperature tempering 
(Fig. 2). 

Most of the discussions on quench- 
ing and tempering feature the 
strength properties that are de- 
veloped, while practical operations 
upon castings are mainly directed 
toward obtaining a high hardness 
for resistance to wear and abrasion. 
One reason for this situation rests in 
the fact that high strengths can be 
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produced by alloying or other means 
in castings without quenching treat- 
ments and with greater security in 
the case of complicated shapes. High 
hardness can usually be obtained 
only by heat treatments involving 
quenching. Descriptions in more de- 
tail follow. 

When cast irons are quenched 
from above the critical range they 
acquire an increase in hardness of 
from 100 to 300 Brinell units. A 
soft, weak iron high in graphite con- 
tent will show a lesser response to 
this hardening treatment than will 
a composition that is stronger and 
harder “as cast.” 

Thus, a soft iron of relatively high 
carbon content may be hardened 
from a level of 175 Brinell to ap- 
proximately 325 Brinell by applying 
a quenching treatment, while a high 
strength, lower carbon type may 
move up in hardness from 220 
Brinell to 450 Brinell. With the help 
of suitable alloys these hardnesses 
can be increased an adidtional 100 
units to top levels of 500-550 Brinell. 


Table 2 
ANNEALING TREATMENTS 


” #, 
Holding Time—Hours per in. of secticn 
Cooling 


A 
Low Temp. 
1300-1400 


B Cc 
High Temp. Chill Elimination 
1500-1600 1700-1800 
1 3 Vy 3 1—5 
Slow Slow Slow 


The common quenching 
air, oil and water. 

The usual quenching mediur 
cast iron is an oil bath be 
provides a faster cooling rat 
is obtainable in air, and 
enough rate to avoid temper 
stresses and gradients of a 
tude that might cause crackir 
Most of the castings that ar 
treated to develop high hardness 
quenched in oil from above th 
cal temperature range. 


Holding Time 

The usual procedure consists 
heating the castings to ap; 
mately 1550-1600° F. Preheating 
a separate furnace to about 110) 
reduces the risk of cracking du 
temperature differentials and 
down the time of heating 
higher temperature, thus redu 
scaling. This procedure is 1a! 
used, and the more common 
tice consists of heating fron 
tively low temperatur: 
quenching temperature in the 
furnace. 


} 


Castings need to be he! 
enough to acquire a unilorm 


perature, at which time y shou 
be quenched. Tempe should 
preferably follow immediately 2 
quenching, and for best | tict 
casting may be at a ten ature 
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Table 3 


AND HARDNESS oF Heat TREATE! 


vs. “As Cast” Irons 


85,000 
75.000 
60.000 
15.000 


50,000 


time it enters the 

Castings that are 
high strength usual- 
‘her hardness after 
than in their “as 


C no 1s ¢ xpec ted to pos- 
ne degree of tough- 

in the “as cast” con- 

essary to acquire this 

ienched castings bv 

r quenching. Figure 2 
tempering in the range 

F. the hardness is not 
changed from the 
ndition, while the 
toughness have been 


yproach their “as cast” 


High Abrasion Resistance 

illoyed irons it may be 
it to as high as 750° F. 
high level of hardness, 
d by a further improve- 
neth over the “as cast” 
Castings requiring a high 
abrasion which is met 
ble microstructure at a 
sually above 400 Brinell, 
red after quenching by re- 
m in the low tempera- 

of 300-800° F. (Fig. 1] 
at tempering usually 
eed one hour per inch 
after the casting has ac- 
desired temperature. Cast- 
be cooled in the furnace 
pering, thus eliminating 
of acquiring additional 
tress due to irregular cool- 
H ver, air cooling from the 
ratures to which castings 
| on tempering, rarely pro- 
ooling rate that is rapid 
cause distortion or diffi- 

to internal stress. 

ylinder liners are the most 
type of casting processed 


} 


igh the quenching and temper- 


ing heat treatment. Others are cams. 


ars lers, dies, polishing and 


rind. . 
ind) quipment, hardware, and 


small machinery parts. 
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Phe, cooling rate in air quenching 


is usually so slow that only very thin 
castings are successfully treated by 
this means, and then only if alloys 
which retard the transformations are 
present in adequate amounts. Heavy 
sectioned castings such as dies may 
similarly be au cooled to acquire 
some hard ning, and because of the 
slow rate of heat dissipation, requir 
much larger proportions of alloys in 


their « omposition 


Water Quenching 

Quenching in water imparts a 
cooling rate to cast iron which is too 
drastic in most cases for the castings 
to successfully survive the stresses 
raised in their surfaces by the differ- 
ence in temperature between surface 
and underlying metal and the limit- 
ed toughness of the base metal itself 
Therefore, water quenching is rarely 
practiced. 

There are special heat treatments 
such as flame hardening and induc- 
tion hardening where the skin of a 
casting is locally heated to a de pth 
usually not exceeding 0.125 in. and 
quenched by a water spray immedi- 
ately following the heating opera- 
tion. Most of these castings are not 
subsequently tempered, and the suc- 
cessful use of this hardened surface 
is made possible through the shallow 
zone that has been treated and the 
absorption of the accompanying 
stresses by the tougher, unheated 
underlying metal. 

The local application of heat by 
the flame hardening or induction 
hardening processes involves close at- 
tention to mechanical details and 
conditions of surface in order that 
the heat flow into the casting may be 
uniformly controlled. The proced- 
ure is limited to applications which 
possess contours, dimensions, and 
hardness requirements that are satis- 
fied by a local and shallow harden- 
ing of accessible surfaces capable of 
absorbing the stresses accompanying 
rapid heating and cooling. 
Apparently the properties of the 


water quenched zone are similar to 
those prevailing in quenched mat 
rial prior to tempering I'ypical 


castings which are heat tre ited in 


this manner are the wearing surfaces 
of lath beds certain gears and 
ams, rollers, plungers, cylinder lin 
ers ek These Ssurtact hardened 
castings are ordinarily used under 


ling in which sur- 


onditions ol loac 
face pressures are relatively light and 
the need for a hard, strong unde 


body does not exist 


High Strength 
It is possible to add 10.000-25.000 


psi additional to the strength of 


«i 
cast iron that has been quenched in 
oil and tempered (Fig. 2 lemper 
ing after quenching to produce a 
high strength consists of reheating 
the quenched castings to a tempera- 
ture of 600-1000° F. Most cast irons 
acquire their maximum strength 
with this tempering treatment which 
leaves them some 20 to 100 Brinell 
units harder than they were in th 
‘as cast” condition 

If the tempering treatment after 
quenching is carried out to restore 
the ‘“‘as cast” hardness, it is usually 
found that the “as cast” strength is 
restored and no impr vement from 
heat treating is obtained. Conse- 
quently, the machinability of these 
irons that have been heat treated for 
high strength is inferior to their ma- 
chinability in the “as cast” condi- 
tion. The advantages of the treat- 
ment rest in the possibility that ma- 
chining operations may be performed 
on the softer “as cast” product, after 
which the stronger and harder cast 
ings can be completed by minor ma- 


chining operations 


Little Change in Impact Strength 

Che impact strength of a cast iron 
is not appreciably changed by heat 
treatment, except in the poorer 
grades of iron where a low strength 
and a low combined carbon content 
exist in the “as cast” condition. In 
general, the impact resistance is less 
after quenching and tempering than 
existed in the original “‘as cast” con- 
dition. Any expectation of an in- 
creased impact resistance should be 
carefully investigated. The modulus 
of elasticity is similarly unchanged 
or not improved by the quenching 
and tempering type of heat treat- 
ment. 

A sper ial type of heat treatment. 
limited in its application to castings 
that can be quenched in a hot salt 
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or lead bath, has been used where a 
combination of hardness and tough- 
ness produces a desirable wear resist- 
ing structure. This is called a “hot 
quenching treatment,” which treat- 
ment with the above explanation 
adequately defines the process. 

In practice, castings of suitable 
composition are quenched from 
above the critical range into a bath 
at a temperature of 450-800° F. and 
held for sufficient time to obtain the 
desired change in structure. Usually 
2 to 5 hours in the quenching bath 
is sufficient, but longer intervals 
have been tested out experimentally. 
The resulting castings possess a hard- 
ness in the range of 280-380 Brinell, 
and for their hardness level they pos- 
ses a higher degree of toughness than 
occurs in castings that have been 
cold quenched and tempered to the 
same hardness value. 

Toughness tests as measured by 
the deflection or A.B.? impact test 
indicate that these irons are much 
tougher than companion pieces that 
have been hardened by quenching 
and tempering in the usual way. 
Bartholomew* reports that at the 
same hardness as quenched and tem- 
pered castings, the hot quenched 
castings are able to carry twice the 
load for the same degree of wear, or, 
conversely, carry the same load two 
or three times as long. The operation 
has been limited to cams, gears and 
similar heat treatable castings whose 
service requires of them a high re- 
sistance to wear. 
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sion): The author has presented a general 
summary of the various heat-treating 
practices applied to cast iron, but has 
given only very limited and general in- 
formation on the engineering properties 
of these irons as indicated by the title 
of the paper. 

In discussing stress-relief annealing, it 
is important to emphasize that the rate 
of cooling from the annealing tempera- 
ture is important only as it affects the 
uniformity of temperature within a par- 
ticular casting. Castings of uniform sec- 
tion thickness may be effectively stress 
relieved at surprisingly rapid cooling 
rates if attention is given to the arrange- 
ment of the castings within the furnace 
and to forced circulation of the furnace 
atmosphere. Careless piling of these same 
castings into a poorly designed furnace, 
or into a furnace lacking in forced cir- 
culation, would require extremely slow 
cooling to obtain effective stress relief. 

To be effective, stress-relief annealing 
should be conducted under careful super- 
vision and with effective control. Poor 
stress-relieving practices actually increase 
residual stresses. If the application of a 
casting justifies the expense of stress- 
relief annealing, the application then also 
justifies a determination of the efficiency 
of the practice being used. 


An experience of the writer with a 
small electric motor showed the pro- 
nounced effect that heat treatment may 
have upon the wear resistance of gray 
cast iron. The motor frame was of light 
section, about 5 in. long, 2 in. in diam- 
eter, and contained an integrally cast 
cylindrical brake ring at one end. Stel- 
lite brake shoes mounted upon the shaft 
were used to stop the motor quickly by 
friction upon the cast iron brake ring. 
The application required that the brake 
mechanism pass a service test involving 
20,000 stops. With the motor frames in 
the as-cast condition, the Stellite shoes 
cut completely through the cast iron ring 
in less than 5,000 operations. Foundry 
attempts to increase the wear resistance 
of the iron were unsuccessful as the 
machinability had to be kept high to 
permit drilling and tapping of a number 
of small holes. 

Several assembled motors were taken 
from stock and disassembled so that the 
frames could be heat treated. Tapped 
holes were plugged and the ends of the 
frames containing the brake ring were 
heated by immersion in a salt bath and 
then. water quenched. The frames were 
tempered at a low temperature. Distor- 
tion during these operations was so low 
that the internal components of the mo- 
tors were reassembled into the hardened 
frames and ran perfectly. Each of the 
motors with hardened brake rings com- 
pleted 75,000 operations and, in each 
case, the Stellite shoes failed when the 
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stress-relief experiments at the Naval R 


search Laboratory with the 
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relaxation machine which shows the ra 
at which stresses are removed at differen: 
temperature levels. In this work it ha 
been found that the first hour of stres 
relief removes the greatest percentage 


the stresses and any time 


shape of the time-stress curve 


after that 
almost wasted because of the 


asyn 


Low temperatures such as 800° I 


900° F., mentioned by Mr 


Var ICK 


quite often ineffective. For example 
of the plain carbon gray irons test: 
our laboratory showed a stress reduct 
of only 4,000 psi. (from 15,500 ps 


11,500 psi.) in one hour 


at UU I 


Seventeen hours were required to relic 


an additional 4,000 psi. of 


stress. 5 


a long time at temperature would | 
iron, wher 
heated to 1050°F., had the stress : 
duced from 12,000 psi. to 2,000 ps 

1 hr. For most applications 2,000 ps 
residual stress would be of little conse- 


uneconomical. This same 


quence, thus eliminating 


continuing the heat treatment 
24 hr. required to remove this last 2, 


psi. of stress. 
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ments on the mechanical properties of an alu- 
minum sand casting alloy with a composition of 
1 per cent copper, 5 per cent silicon, and 0.5 
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HIS INVESTIGATION Was con- 
. group of aluminum sand 
loys with a nominal com- 
osition of 1.0-1.5 per cent copper, 
5.5 per cent silicon, and 0.4-0.6 
rcent magnesium. It is described 
A.P.A Alloy B-41". Specifications 
ther agencies include QQ-A-601, 
SAE 322; ASTM B26- 
4T (Alloy SC 21) ; AN-QQ-A-376 
4m.2; and AMS 4210. 
For convenience, this alloy will 
referred to in this paper as F150.5 
cordance with a system of 
enclature in which aluminum 
ng alloys are defined according 
their copper, silicon, and magne- 
tent to the nearest integer 
ndicated sequence. 


















Magnesium 
Because of the effectiveness of 
| amounts of magnesium in 
s, this element is indicated 
enths of a per cent. The actual 
used are representative com- 
composition within the 
F150.5 specifications. The mechani- 
al properties specified for this alloy 

listed in Table 1. 

As will he subsequently proven, 
ihe solution treated alloy is unstable 
egins to age at room temper- 
ire immediately after quenching. 







cx alloy 













v weeks the properties of 

he quenched alloy approach those 
Presented at an Aluminum and Magne- 
m Session of the Fiftieth Annual Meet- 
*&, American Foundrymen’s Association, 


at Cleve] May 7, 1946. 





of the alloy aged 3-5 hr. at 310° F. 
(Table 1). 

This hardening process is accom- 
panied by dimensional changes and, 
for this reason, the as-quenched al- 
loy is seldom used commercially and 
an artificial aging treatment similar 
to that of the 3-5 hr. at 310° F. 
(Table 1) is utilized to obtain prop- 
erties which are essentially stable 
upon subsequent room-temperature 
aging. This is the most commonly 
used heat treated temper for this 
alloy. 

Heat treatments similar to the 
solution treated, quenched, and aged 
12 hr. at 310° F. (Table 1) are oc- 
casionally used when high strength 
properties are required for specific 
applications. No specifications exist 
for the alloy in the as-cast condition 
although excellent properties are 
obtained. The as-cast alloy may be 
stabilized and stress relieved by heat- 
ing to a temperature of 450° F. for 
5 hr. and air cooling. 

Various similar stress relief treat- 
ments are used commercially, but 
the work described in this paper was 
limited to this one treatment when 
stabilized properties were studied. 

F150.5 is a comparatively new alu- 


minum alloy which has been used 
in large tonnages in the past few 
years, particularly in air craft cast- 
ings. This widespread acceptance 
of the alloy in aluminum foundries 
stems from its desirable combina- 
tion of chemical and physical prop- 
erties. 

It has excellent foundry charac- 
teristics in that it is extremely fluid 
at low casting temperatures, pro- 
duces pressure tight castings, casts 
readily into thin sections, has low 
solidification shrinkage, as compared 
to other aluminum casting alloys, 
and is essentially free from hot 
shortness. 


Corrosion Resistant 

It machines well, especially after 
heat treatment, and has high re- 
sistance to corrosion in saline atmos- 
pheres. It is an excellent general 
purpose alloy in that a foundry may 
use it for all types of castings since 
a wide range of mechanical proper- 
ties can be obtained by using the 
alloy in the as-cast condition or in 
various heat treated tempers. 

Melting and Casting Procedure. 
All melts were made in No. 45 clay- 
graphite crucibles in a coke-fired, 





Heat Treatment 
Solution Treated and Quenched 


hr. at 310° F... 


hr. at 310° F. 


and other aluminum casting alleys. 





*Yield strengths almost invariably are listed as 


Table 1 
ALUMINUM ALLOY MECHANICAL PROPERTIES 


Solution Treated, Quenched, and Aged 3-5 


Solution Treated, Quenched, and Aged 12 


——Properties— — — 
Avg. Yield 
Tensil Strength* Elongation 
Swen | (enie. ), (0.2% offset), (min.), per 
psi. cent in 2 in 
27 ‘000 20,000 4.0 
32,000 25,000 2.0 
36,000 33,000 0.5 
“average’’ or “‘typical’’ in specifications of this 




































Fig. 1—Types of castings utilized to obtain cast to size tensile specimens. 
About 1/7 actual size. 


forced draft, pit furnace. About 30- 
+5 min. was required to melt 50 lb. 
of metal. Ingots or pieces of test 
bar castings were continually added 
to the melt through the top cover 
of the furnace during melt down. 
This guaranteed that no moisture 
was present on the metal by the time 
it was submerged in the previously 
melted alloy. 

Surface hydrates were assumed to 
be negligible due to short intervals 
of storage and to favorable storage 
environment. When all of the metal 
was in the crucible and the hardener 
or alloying element, if any, com- 
pletely dissolved, the metal was 
stirred with a one in. diameter 
graphite rod. The crucible was then 
removed from the furnace. Typical 
metal temperatures at this time 
ranged from 1400 to 1600°F. A 
few ounces of sodium silico fluoride 
was gently worked into the top 
dross to assist in its removal. 


Metal Cooled 

The metal.was then permitted to 
cool quietly to the desired pouring 
temperature, nominally 1220° F. un- 
less otherwise specified. No degas- 
sing operation was performed and 
no grain refiners were added to any 
of the heats reported. Temperatures 
were determined with a protected 
chromel-alumel thermocouple in 
conjunction with a portable Leeds 
and Northrup potentiometer. 

The metal was cast into green 


sand molds to produce standard ¥- 


in. diameter cast-to-size tensile speci- 
mens. Two types of castings were 
used and are shown in Fig. 1. No 
difference in mechanical properties 
could be detected in the specimens 
from either type of casting. About 
75 per cent of the bars cast were 
obtained from the 4-bar casting 
since twice as many bars per lb. of 
aluminum are produced and fewer 
instances of inclusions experienced. 


Specimens Poured 
Cast-to-size impact specimens 
were also poured from most of the 
heats. The casting is shown in Fig. 
2 and produces twenty-six 10x10 
mm. Charpy specimens. Half of the 
specimens are unnotched and the 
rest have a standard V-notch cast 
into the drag. The specimens were 
tested unmachined on a modified 
Charpy impact machine of 16 ft.-lb. 
capacity. The production of impact 
specimens by this method has been 
discussed elsewhere’. 

Heat Treatment Practice. Solu- 
tion heat treatments were conducted 
in an electrically heated, circulating 
air furnace. Bars were nominally 
soaked 12 to 15 hr. at 980°F. 
+ 5°F. and quenched in boiling 
water. 

To standardize the procedure, 















Fig. 2—Casting for producing cast 

to size 10x10—mm. Charpy im- 

pact specimens. Top—Cope view. 
Bottom—Drag view. 
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\LLOoY COMPOSITION 


Table 2 


Per Cent 
1.68 
5.13 
0.58 
0.42 
0.74 
0.04 
0.33 
0.005 
0.005 


...Balance 








grain size of tensile bars can be con- 
trolled by pouring te mperature alone 
and superheating is not a factor 
Should titanium be present and still 
retain grain refining properties, over- 
heating, or even holding at moderate 
temperatures, should be avoided 
since these procedures reduce the ef- 
fect of the titanium and a coarser 
grained casting will result. 
However, it is important to note 
that this grain coarsening is due to 
the effect of temperature upon the 
titanium constituent and not upon 


the aluminum. 


Hydrogen Free 
It is of 


recognize, 


utmost importance to 
that 
periments were conducted in furnace 


however, these ex- 
atmospheres which .were essentially 
free of hydrogen compounds, hence 
typically sound castings resulted 

In a furnace atmosphere contain- 
ing combustion products from gas, 
oil, or coal, overheating should be 
kept to a minimum since the solu- 
bility of the hydrogen obtained from 
the compounds present increases 
with the temperature of molten alu- 
minum, and excessive porosity may 
result which will cause inferior prop- 
erties. These experiments do prove 
that overheating, other factors being 
equal, is not deleterious. 

Another test which indicates the 
desirability for low pouring temper- 
atures was performed on the alloy 
composition shown in Table 3. 
melted in the described 
manner, cast at 1220°F. and the 
specimens heat treated and tested. 
Upon completion of these tests the 


It was 


alloy was remelted and recast at 
1300° F. Similar mechanical tests 
were conducted on the alloy. The 
results of these tests are plotted in 
Fig. 4. Ultimate strength has been 
markedly reduced, ductility has 
been slightly impaired, while yield 
strength is unaffected. Thus a pour- 
ing temperature of about 100° F. 
above the optimum detracts from the 
quality of the casting. 


At least a part of the reason for 
the inferior properties accruing from 
a high pouring temperature is the 
resulting increased grain size. Fig. 
5 portrays the difference in crystal 
structure between tensile specimens 
cast at 1220°F. and at 1300° F. 


It will be noted that Fig. 5 in- 
dicates a greater difference in grain 
size between the two pouring tem- 
peratures than would be predicted 
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Fig. 3 


ture on 


Effect of pouring tempera- 
properties S pect- 
mens poured from the same crucible 


as-cast 


from the curve given in Fig. 3. The 
latter data were obtained from two- 
bar castings while the 
sulted from the four-bar type. The 
metal for the rear risers of the four- 
bar casting passes through the ten- 


former re- 


sile section and heats the sand. 


Retards Freezing Rate 
This retards the freezing rate of 
the bars appreciably, and at elevated 
temperatures a coarser grain results. 
Utilization of this type of casting 
displaces the grain size curve shown 





Table 3 

ALLoy COMPOSITION 

Per Cent 
Copper 1.23 
Silicon 5.21 
Magnesium 0.46 
Manganese 0.43 
Iron 0.54 
Nickel 0.02 
Zinc 0.35 
Chromium 0.10 
Titanium 0.13 
Aluminum Balance 


Component 
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Fig. 4—-Effect of pouring temperature on some mechanical properties. 


in Fig. 3 to the right. Occasionally 
tensile bars from this casting will 
show a grain size gradient ranging 
from coarse at the sprue end to rela- 
tively fine at the rear risers. 

In the two-bar casting, on the 
contrary, two streams of metal meet 
in the center of the reduced section 
and the freezing rate must be maxi- 
mum at this point. A grain size 
gradient has never been observed in 
bars from this type of casting. 

Effect of Magnesium. F150.5 al- 
loy responds to heat treatment 
largely because of the magnesium 
and silicon in the composition. Of 
these two clements the magnesium 
content is most critical in determin- 
ing the alloy’s mechanical proper- 
ties, whether heat treated or not. In 
a test to prove this fact, some prop- 
erties of the alloy shown in Table 
4 were determined. 


Alloy Remelted 

It was then remelted and the mag- 
nesium removed. The properties 
were redetermined on the resulting 
alloy, which then contained 0.002 
per cent magnesium, and are com- 
pared in Fig. 6. It is seen that the 
initial alloy reacts to heat treatment 
while the same alloy without mag- 
nesium shows essentially no response 
to heat treatment. 

Both sets of properties shown in 
Fig. 6 are lower than would nor- 
mally be expected because the data 


were obtained for another purpose 
from test bars cast at 1350°F., an 
excessively high temperature for 
pouring test bars from this alloy. 
The data reflect the effect of the 
magnesium content, notwithstand- 
ing. 


Aging Treatments 

On another alloy of the composi- 
tion shown in Table 5 the effect of 
magnesium was further investigated. 
After mechanical properties were ob- 
tained on this alloy it was remelted 
and magnesium added, which raised 
this element to 0.56 per cent. The 
effect of various aging treatments on 
solution treated specimens of the 
two alloys is plotted in Fig. 7. 

Marked instability of the as- 
quenched alloy on standing at room 
temperature is indicated. A large 
amount of aging occurs the first day, 
followed by further aging at a re- 
duced rate. The hardening process 
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Table 4 
ALLoy Com: 


————__ 


Component 
Copper 
Silicon 
Magnesium 
Manganese 
Iron . 
Nickel 
Zinc 
Chromium 
Titanium . 
Aluminum B 








is largely completed in 
It is clear that the magnesiy, 
tent is critical in this alloy 


Addition Made 


Since the element is slow) 
on remelting and fluxing, an add. 
tion must be made to maintain 


rect composition. In general 

creasing Magnesium contents in thi 
alloy produce higher tensile and yield 
strengths combined with reduced 
ductility for any particular temper 

Effect of Nickel. Chemical speci. 
fications variously require that nich 
be limited to 0.05 or to 0.! 
cent in this alloy. Figs. 8, 9 and | 
show the effect of increasing nick 
on the F150.5 alloy shown 
Table 6. These data indicate that 
nickel as high as 0.3 per cent has 
essentially no effect on the all 
More than this amount gene 
impairs most properties. 

A summary of the effects of high 
nickel is as follows: The strength 
is reduced, tensile and yield strengths 
approach each other, and serious re- 
ductions in elongation and impact 
strength occur. As a_ concession 
to clarity the impact strengths in 
these and in some subsequent plot 
are averaged for the tempers being 
considered. 

The nickel can be detected in thi 
microstructure even when onl) 
per cent is present. It is apparent] 


almost insoluble in the solid 


ee 





Fig. 5—Axial tensile bar sections, 2/3 size. Etchant, 1 per cent HF 
Grain structure of casting poured at 1220°F. Bottom—Grain struct 


casting poured at 1300° F. 
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rable 5 


»)M POSITION 

Per Cent 
1.58 
5.22 
0.18 
0.50 
0.67 
0.04 
0.28 
0.10 
0.01 


Balance 















y in the eutectic struc- 
as the compound 
WA | Heat treatment has 
ef n its structure or ap- 







. Zinc in F150.5 alloy 
aximums ranging from 
per cent, depending 
the chemical specification con- 
[he curves in Figs. 12, 13, 
ite the effect of increas- 
some properties of the 

, shown in Table 7. 
It is obvious that no deleterious 
rues from zinc additions 
more than one per cent is pres- 
the alloy. The microstructure 
hange in the form or oc- 
nce of the usual constituents as 
content is increased to 2.5 
This is not surprising since 
large amounts of zinc are 
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soluble in the solid alloy at room 
temperature even under conditions 
of thermal equilibrium. 

Effect of Manganese. This ele- 
ment is limited in amounts varying 
from 0.03 to 0.6 per cent in this alloy 
by the existing chemical specifica- 
tions. Figures 15, 16, 17 and 18 
summarize the resulting properties 
obtained upon adding manganese to 
the alloy of the composition shown 
in Table 8. 

Up to one per cent of manganese 
generally improves the mechanical 
properties of F150.5 alloy in the tem- 
pers most commonly used. It does, 
however, accelerate the rate of over- 
aging upon subjecting the solution 
treated alloy to temperatures of 400° 
F. or over, although this tendency 
is not pronounced with less than one 
per cent of manganese. 


Microstructure Changed 
Two changes were noted in the 
microstructure as a result of the 
manganese additions. The structure 
of the initial alloy included needles 
of beta (Fe-Si) , utilizing the nomen- 
clature of Phillips and Varley’. 


Addition of 0.3 per cent of man- 
ganese eliminated these needles or 
plates, and the secondary alpha 
(Fe-Si) phase was apparent in its 
usual “Chinese script” habit. The 
structural change and its effect will 
be more completely discussed later. 
The alloy containing 1.65 per cent 
of manganese revealed masses of 
alpha (Mn-Si) instead of the pre- 
vious script, and is shown in Fig. 19. 

Effect of Iron. It is generally re- 
quired that iron be under 0.5 or 0.6 
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‘Effect of magnesium on some heat treated mechanical properties 


per cent in sand castings of F150.5 
alloy. The effect of iron was investi- 
gated by adding it in various incre- 
ments to the initial alloy shown in 
Table 9. 

Results of these tests are plotted 
in Figs. 20, 21, 22 and 23. Gener- 
aily, iron under one per cent has no 
effect on the properties measured 
As iron is increased over this amount 
it has only slight influence on prop- 
erties except upon aging at the rela- 
tively high temperature of 450° F. 
It decidely influences the rate of 
overaging at this temperature, in- 
creasing it to a marked degree. 


Effect of Iron 

However, iron as high as 2.4 pet 
cent has only an insignificant effect 
on the properties measured in all 
the other tempers. Curiously enough, 
this high iron appears to retard the 
rate of aging to a slight degree upon 
precipitation hardening at 310° F. 

At the same time, it has no effect 
whatever when solution treated and 
aged at 400° F. and, in fact, appears 
to slightly improve the strength of 





Table 6 
ALLoy CoMPOSITION 

Component Per Cent 
Copper 1.35 
Silicon 5.52 
Magnesium 0.55 
Manganese 0.01 
Iron . 0.34 
Nickel 0.01 
Zinc 0.04 
Chromium 0.10 
Titanium 0.05 
Aluminum Balance 
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Fig. 11—As-cast structure of an F150. 


alloy with 1.8 per cent nickel. 
(black), eutectic (mottled), 
(bright), dendritic alpha (s{ 

Etchant, 1 per cent HF. 30 


NiAl; 


cv 


lod 
tea 






































PER CENT 





f zinc on as-cast, stress relieved, 


13—Effect of zinc upon solution treating and 
ition heat treated properties. ’ f a 


aging at 310° F. 

















TENSILE 
STRENGTH 


+ 





UNNOT CHED 





SOLN. H.T ° 
AGED AT 450 F. 
o=3 HR 
@-6 HR 
O=9 HA 








YIELD 
STRENGTH 


e-AS CAST 

@=SOLN. H.T. AGED | DAY 

| ROOM TEMPERATURE 
@-SOLN.H.T. AGED 15 DAYS 
| ROOM TEMPERATURE 


+ 





ELONGATION, 
PER CENT 





MANGANESE, PER CENT 


Fig. 15—Effect of manganese on as-cast and solu- 
tion heat treated properties. 





UNNOTCHED 


2.0 
ZINC, PER CENT 


“fect of zinc upon solution treating and 


aging at 400° F. and 450° F. 








ALUMINUM San 


SOLN. H.T. 
AGED AT 310 F. 


45,000} } ie A 
2 @=6 HA. 
=24 HR 
A Game 
35,000 ‘et we 
¢ + — EE 


40,000} 


ate 


30,000} . pS _| = 
6 SNS, eee 


TH, PSI 
PSI 


TENSILE 
G 


STREN 
TENSILE 


STRENGTH, 


30,000 -— 


40,000 }— inet 


ee 


30,000 + - 


+—f 


YIELD 
STRENGTH, 
PS! 





STRENGTH, PS! 


a 


20,000} == 


a 
—_—____— + 


of 2 


——, - 





a 


| 


PER CENT 


3 a 
o L {) 
00 1,0 
MANGANESE, PER 


ATION, 


PER CENT 








ELONGATION, 


Vv 





)N 





VY 


eS tL. | 1 =" 
00 1.0 
MANGANESE, PER CENT 


ELS 


Fig. 17—Effect of manganese upon s 

- ing and aging at 400° F 

Effect of manganese upon solution treat- 
ing and aging at 310° F. 








a 


40,000 


TENSILE 


= 
W 30,000 


35,000 } 
° 


YIELD 
TRENGTH, 
S 


p 





— “H.T, AGED AT 450°F 
| 
4 


1,0 
MANGANESE, PER CENT 


N, 


~/ 


] 

| 

| 

4 

| 

1 
~] 
| 

| 


ELONGAT 
PER CENT 


Effect of manganese upon solution treat- 
ing and aging at 450° F. 
Fig. 19—As-quenched alloy u 
cent manganese. Alpha Mn-S: 
silicon (half tone). Etchant 
HF. 300X. 
























‘Jo=AS CAST 
|e=SOLN. H.T. AGED | DAY 
ROOM TEMPERATURE 
®=SOLN. H.T. AGED |5 Days 

ROOM TEMPERATURE | 
7: ee S > ———+ | 
2 = seers | —~s 























J az 25 
IRON, PER CENT 







Fio. 20—Effect of iron on as-cast and solution heat 
treated properties. 





Fig 






IRON, PER CENT 


21—Effect of iron on the properties of test 
bars solution treated and aged at 310° F. 














bs 


T 








39 > 

Win c v —— 
35,000 } aS See 

SOLN, H.T a 

Z « aaa mi AGED AT 400 F 
Le | ©=3 HR. | 

yar @=6 HR. 

. $.. | ° 

D ig 6 b ~* 

_ "05 ) 15 25 


IRON, PER CENT 


Fig. 22—-Effect of iron upon solution treating and 
aging at 400° F. 





YIELD 


STRENGTH, PS! 


ELONGATION, 


PER CENT 


















a ee © 
6 = 
ae 
s\_8 > —_ 
30,000 -— 
SOL. H.T n 
AGED AT 450 F. . : 
o:-3 HR o 
20,000 +*® -6 HR + ; 
2 =9HR 
5 
a 
a a —<—<$<$<$—<<—<—<——— 
—- +h 
8) J 
0.5 1.5 25 


IRON, PER CENT 


Fig. 23—Effect of iron upon solution treating and 


aging at 450° F. 

































































































+74 ALUMINUM Sanp ( "We 
dicate a substantial change in tensile 
Table 7 properties. 
ALLOY CoMPOSITION Sections of test bars which had 
ieuticness — been retaine d for metallographic 
| Copper 1.15 study were utilized for hardness 
Silicon 5.04 measurements. The Brinell hard- 
Magnesium 0.52 nesses (500-kg. load, 10-mm. ball, 
Manganese 0.58 30 sec.) shown in Table 10 were ob- 
Iron 0.76 shail 
Nickel 0.02 ee 
Zinc 0.03 It would appear that no subse- 
Chromium 0.20 quent hardening occurred in the al- 
— = loy containing one per cent of iron 
Abeminum eatanes or less. The higher iron alloys defi- 
Ps j nitely hardened during the period 
Table 8 of observation. 
ALLoy CoMPosITION Final mechanical properties of 
Component Per Cent these alloys in the as-cast temper 
Copper 1.33 are very close to those containing 
Silicon — - 3.17 low iron, and indicate that it has no 
Magnesium 0.33 ‘ 7 
in aR effect upon the alloy in this temper 
Manganese 0.03 saath tig sey eee te 
“aa 0.77 except to inhibit the precipitation of 
Nickel 0.02 a hardening constituent under the 
Zinc ... 0.23 casting and cooling conditions em- 
Chromium a See ployed. 
litanium 0.10 on , ° eld 
pe ner she The only change in microstructure Fig. 24—As-quenched «a 9 
awe occurred in the high iron alloy. per cent iron. Primary alpha Fe- 
Table 9 Figure 24 shows plates of primary (plates), silicon (half ton } 
alpha (FeSi) found in the alloy with ant, 1 per cent HF. 300X 
ALLoy COMPOSITION 2.4 per cent of iron. 
Component Per Cent 
Copper a Effect of Manganese cent) ; low iron (0.34 per cent 
Si . 9 i. > c e > > 5 ryt 
smell — Absence of a deleterious effect of high manganese (0.50 per ce: 
Magnesium 0.53 t : : 7 high i (0.93 per cent ey 
Manenacee 37 iron on this alloy is believed to be — See (Mew pe COM) and hy 
: Iron 0.48 due at least in part to the presence ™anganese (0.50 per cent) in 1 
Nickel . . 0.03 of manganese. This fact has been order. 
Zinc ... vseee 0.25 noted previously in the literature’*® Another set of ingots from t] 
Chromium Siednieane! : ‘ : ae ; 
ies 0.005 although no systematic study to sub- tial charge was melted and 
Aluminum Balance stantiate this claim has been forth- added first to raise it to 0.83 per 
coming. Therefore, it was decided cent. After the usual physical 
to attempt to prove this fact by the metal was remelted and mang 
— determining the relative effects of nese added, which raised this 
the alloy, although the significance ‘ : a 
; manganese and iron in various com- ment to 0.65 per cent 
of the slight changes in slope of these os 
_ : binations with each other. 
curves is dubious. Second Melt 


Relative Effects of Iron and Man- 
ganese. The possibility that manga- 
nese may play an important role in 
the development of superior me- 
chanical properties in F150.5 alloy 
led to the following investigation. A 
quantity of ingots of the analysis 
shown in Table 11 was procured. 


; 


The second pair of melts ind 
the properties to be obtained on t 
same F150.5 alloy when it containec 
high iron (0.83 per cent) with ! 
manganese (0.01 per cent) an¢ 
again high iron (0.83 per 


According to the plot in Fig. 20, 
iron of over one per cent appears 
to impair the strength properties of 
F150.5 alloy in the as-cast condition. 
However, the data used in this plot 
were obtained from one to 3 days 
after casting. Spare tensile bars of 
the alloy containing 2.4 per cent iron 






















P . Several ingots were melted and 
were pulled after aging 18 days at a ase : 
io saad the mechanical properties in various Table 10 
a room temperature of 75-80° F. : 
tempers obtained. This metal was ALUMINUM ALLOY HarbNESSES 
Mechanical Properties then remelted and manganese added aa oil at 

Tensile strength averaged 26,100 to raise this element to 0.50 per geen eee: eae e 
psi., yield strength 17,700 psi., elon- cent, and properties redetermined. 0.48 1-4 74.74 
gation 11% per cent, and the Brinell The metal was melted a third time 70 74 
hardness was 72. Since these prop- and iron was added to increase it 0.80 1-4 = 

‘ o P F . oe ) 4 
erties compared favorably with those to 0.93 per cent, and again physical 1.01 “ee 74.74 
obtained on the initial alloy, it | properties were determined. 40 74 
seemed advisable to check the room These three melts, then, were used 1.32 1-4 65- 
temperature aging characteristics of to obtain the properties of an F150.5 30 oS 
the intervening alloys to note any alloy containing low iron (0.34 per 2.40 = 74.79 
change in hardness which would in- _—_ cent) and low manganese (0.01 per el 
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manganese is also re- ing and aging at 400° F. and 450° F. 


























Fig. 28—Effect of iron on microstructure (as-quenched). Etchant, 1 per 
cent HF. 300X. Left—RInitial alloy with 0.34 per cent iron. Spheroidized 


silicon in alpha aluminum matrix. 


Right—Same alloy with 0.83 per cent 


iron. Beta Fe-Si (needles) associated with spherotdized silicon. 


quired. In this regard the present 
specifications appear justified, since 
with more than 0.5 per cent iron 
the beta (Fe-Si) phase field is en- 
tered with its attendant deleterious 
effect on mechanical properties. 











Table 11 
ALLoy COMPOSITION 
Compenent Per Cent 
Copper eae 
Silicon . : mae 
Magnesium < ‘ae 
Manganese 0.01 
Iron . 0.34 
Nickel 0.01 
Zinc . 0.04 
Chromium ius 
Titanium cm Oe 
Aluminum Balance 
Table 12 
ALLOY CoMPOSITIONS 
Initial Adjusted 
Alloy, Alloy, 
Component per cent per cent 
Copper 1.35 1.35 
Silicon a 5.52 
Magnesium 0.55 0.55 
Manganese 0.01 0.50 
Iron . 0.34 0.81 
Nickel 0.01 0.24 
y A. e 0.04 0.37 
Chromium 0.10 0.10 
Titanium 0.05 0.05 
Aluminum Balance Balance 














A distinct change in microstruc- 
ture accompanies the observed vari- 
ation in properties. Figure 28 shows 
both the initial microstructure and 
the needlelike phase which occurred 
in the F150.5 alloy containing 0.83 
per cent iron and 0.01 per cent 
manganese. No such structure could 
be located in the initial alloy, al- 
though an Al-Fe-Si compound must 
exist’®. It is apparently too finely 
dispersed to be readily detected 
microscopically. 

When 0.65 per cent manganese 
is added to the high iron alloy, the 
needlelike beta (Fe-Si) phase is sup- 
pressed and the common scriptlike 
habit of secondary alpha (Fe-Si) is 
substituted (Fig. 29). This same 
constituent is found in the low iron 
alloy containing 0.5 manganese. 
Heat treatment does not appear to 
affect the form or occurrence of 
these phases, and they show little 
tendency to go into solid solution. 

Composite Effect of Greater Per- 
centage of Minor Alloying Elements 
in F150.5 Alloy. Upon completion 
of the various investigations previ- 
ously described it became apparent 
that an equally satisfactory specifi- 
cation for this alloy could be utilized 
that was more generous in regard 
to the investigated elements. The 
resulting alloy would have equiva- 
lent properties to one of high com- 
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peratures of 450° F. after 
heat treatment is not n 
disadvantage. 

Heating at these relatively high 






























Fig. 29—Structure of alloy sh wn i 
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0.65 per cent mangan ae 
ary alpha Fe-Si (scrip! and sphét- 
oidized silicon. Etchan en 


HF. 300X 


















































































>TH 


LB 


NK 


| 


IMPACT 


ST RENGC 


} 





T 
| 


| SOLN H.T. AND AGED 310 F 









en oO : 
~ Ww LJ ar 
“<q of FT 
vo wow : 

a. a 
”) 4° ee 
< +a O 

W) Ww 
o>} —_—} 





o= 


3 
| 


Trenste 
















aed 


Y ELD 





--—~ —_+4 


| 
q >: 





LOW MINOR ALLOYING ELEMENTS 
HIGHER MINOR ALLOYING ELEMENTS 














0 : 





Fig. 30—Composite effect of higher percentages of minor alloying elements on an F150.5 
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res is practiced to stabilize 
so that further dimen- 


changes at intermediate tem- 


perature 


eve re 


‘s will not occur, and to re- 


sidual internal stresses due 


to quenching. Alloys which overage 


more I 


apidly may, therefore, be 


stabilized in shorter heat treating 


periods 


The « 
and of 


sum, i 


Summary 
ffects of casting conditions 
varying amounts of magne- 
langanese, iron, nickel, and 


zinc have been determined on the 


sand Cast 


tes of 
mn! 
saMDPIes 


aluminu 


Pouring 


fone th, 


ould | 


and heat treated proper- 
representative commercial 
within the range of F150.5 
m alloy. 

temperatures greatly af- 
resulting grain size and 
roperties. Overheating the 
no influence on the result- 
size or mechanical prop- 
viding excessive gassing 
ceurred and the alloy is 
the optimum casting tem- 
In general, the alloy 
cast as cold as possible: 





1250° F. maximum temperature for 
standard test bars. 

Magnesium is the most critical 
element in this alloy in its effect on 
mechanical properties. It tends to 
oxidize selectively upon melting and 
remelting, and the loss must be made 
up. It renders the alloy susceptible 
to heat treatment, and increasing 
amounts produce stronger, less duc- 
tile castings. 

Nickel under 0.30 per cent has 
essentially no effect on the mechani- 
cal properties investigated. Zinc is 
likewise harmless in amounts up to 
one per cent. Iron may or may not 
be deleterious, depending upon the 
manganese content of the alloy. 

Probably no more than 0.6 per 
cent iron can be safely tolerated if 
manganese is absent. If about 0.5 
per cent manganese is also present, 
up to one per cent of iron will have 
no effect. Since manganese also im- 
proves the properties of the alloy 
with lew iron, it appears desirable 
to produce this alloy with at least 
0.3 per cent manganese. 





Since iron pickup is a constant 
foundry problem, such insurance 
against inferior properties due to 
comparatively high iron should be 
of interest to the producer and con- 
sumer of ‘castings alike. Probably 
manganese should be specified as a 
range of 0.30 to 0.70 per cent, while 
the iron content in castings should 
then be limited to a maximum of 
one per cent. 
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DISCUSSION 


WALTER BONSACK, 
tional Smelting Co., Cleveland. 
Co-chairman: L. W. Eastwoopn, Bat- 
telle Memorial Institute, Columbus, Ohio 
WALTER KLAyeEr’: Did I understand 
you to say that you heated the molten 
metal to 1700° F., and then poured the 
test bars at the 
shown in Fig. 3? 


Mr. Quapt: 


Na- 


Chairman: 


various temperatures 

That is right. 

Mr. Kuayer: I have data that would 

that the would be dif- 

ferent had you not gone so high initially. 
Mr. Quapt: You mean melting at a 

lower temperature ? 


show condition 


Mr. Kiayver: Yes, melting at 1400 
to 1450° F. maximum 

Mr. Quapt: What effect does that 
have? 


Mr. KLAYER: 
and better physical properties. 

Mr. Data Fig. 3 
indicates a final grain size of approxi- 
one-half mm., 
ered reasonably fine when the alloy is 
cooled to and poured at 1180° to 1200 
F. ‘Tensile strength in the as-cast con- 
was 28,000 psi. 
is superior for this alloy in the 
as-cast condition. If the tensile property 
can be improved by melting the alloy 
at lower temperatures, I don’t think the 
improvement would be substantial. 

MemMBER: Did you notice appreciably 


It gives finer grain siz¢ 


shown in 


JUADT: 


mately which is consid- 


dition approximately 


which 


ALUMINUM Sa 


greater gas absorpti 
heated to 1700° F 

Mr. Quapr: J 
tion to overheating 
coke-fired furnaces 


NI 


or 


hat 


gen compounds norn 


furnace atmosphere 
at a minimum. We 


( 


D 


the alloys to determi: 


there were excessive 
porosity present. H« 


which we have do 


we 


ne 


and other types has in 


quantities of gas px 
on tensile propertic 


yrosit 


x7 


case, heating to 1700 


conditions, no incre 
osity was noted. 
MEMBER: 
the method of heat 
physicals? Had the 
with other types « 
would have had gre 


"AS 


Is it not p 


ing ef 


> 


t fu 


ate 


a reduction in physicals 


Mr. Quapr: JT 
about that. 
F. is definitely un 
types of fuels. In 


equipment, where gas, o 


here 


Heating alu: 


desir 


most 


are used that should nev 


intent of the test described 


determine what the effect 
properties. would be if i: 


temperature 
melting. 


providing the metal was 


gassed. 


‘Aluminum Industries, 


Inc 


approached 
The result of 


other tests indicated that 


tl 


10 


; 


( 


had 1 
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step in planning a 
neered foundry dust 


ystem is selection and 





per and correctly de- 
to the 
dust is located and 
placed at this point, to 
ist concentration to that 
mits of hygienic stand- 





source of dust. 










nd step deals with air 
h is calculated to pro- 

ired result. This volume 
pipe sizes, actual hood 
nd selection of exhaust 
produce the desired 









step involves details of 
such as hood and pip- 
clearances, and 






prope! 
ymfort and visibility of 
Adherence to American 
Association and State 
cked and finally the de- 


of dust control system 










preparation. 


Hood for Shakeout 
» © crane operator requires 
of visibility for unham- 
lling of flasks, the use of 
d hood is sometimes pre- 
r this reason the “side” 
raft” hood is usually con- 













it a Session sponsored by 
. nd Hygiene and the Plant 
i juipment Committees at the 

ial Meeting of the Amer- 
ymen’s Association at Cleve- 
M , 1946. 







sidered Fig. | The cross draft 
hood does not have a roof or full 
extension over shakeout grate and 
therefore, it is natural that a much 
greater volume of air must be han- 
dled, resulting in excessive power 
costs and heat losses 

It is well known that velocity con- 
tours of controlling air decreas« 
quite rapidly as the distance from 
hood intake increases. This means 
that the foundry operator must in- 
crease power consumption approxi- 
mately 100 per cent to operate the 
cross draft hood, in comparison to 
an overhead type or enclosure hood 

The answer to this problem could 
between the 


totally 


be a 


straight 


compromise 
“cross draft’ and 
illustrated in 


enclosed hood, as 


Fig. 2. 

Perhaps this compromise could be 
accomplished by means of a pneu- 
arrangement, 


matic finger canopy 


having rather closely spaced round 





§ Selection and fitting of a 
properly and correctly de- 
signed hood to the dust source 
is the first step in planning a 
well engineered foundry dust 
control system. The required 
air volume determines pipe 
sizes, actual hood openings and 
selection of exhaust equipment 
to produce the desired air flow 
for effective dust removal. 
Hood and piping gauge, proper 
clearances, and the safety, com- 
fort and visibility of operator 
must be considered in designing 
the dust control system. 











possibly $ or 10 in 
would be held 


position over the 


canvas “fingers” 
in diamete1 They 
in a_ horizontal 
grate by means of a small supply 


blowe1 mounted alongside the 
shakeout hood or on top The spact 
between tubes or fingers would af 
ford visibility to the crane operator 
and the chains would slide and work 
their way between the tubes, with 


little or no difficulty 


Such 


75 per cent ol power costs, in com 


a design would save 50 to 
parison to straight shakeout cross 
draft hood 
ple of the specialized design possible 


rhis is a typical exam- 
in foundry hoods. which is “step 


one” in dust control 


Snagging and Cleaning 
Snag 


in a foundry offer another oppo 


and cleaning departments 


tunity to improve hood design (Fig 
} Here, 
pedal ope rated turntables, built to a 
convenient height of 
that smaller castings are turned and 


it is possible to apply 
operator, so 


operator grinds into a fixed hood 
position. Of course, if the castings 
are larger, the cylindrical type 
downdraft table arrangement is pre- 
ferred (Fig. 4 

If floor gratings are used, movable 
vertical screens or baffles are of as- 
sistance in directing the light grind 
ing dust downward. The conveyor 
transfer points, elevator boot and 


shaker 


mixers, mills, aerators, tailings hop- 


head connections, screens 
pers, tunnels and the like can be 
usually handled with direct rectangu- 
lar to round and overhead hooded 
connections. 

Grinding Operations. Individual 
grinding stands or groups of wheels 
are served by heavy duty plate hoods 
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Fig. 1 (Top)—Side or cross draft hood in connection 

with the mold shakeout operation. Fig. 2 (Right) 

Pneumatic finger canopy type of hood, a compromise 

between the straight cross draft and the totally enclosed 
hood (Patented). 


some with traps built immediately 
below intake while others have traps 
in the vertical exhaust to the rear 
of stands (Fig. 5). Foot rests some- A large individual grinding wheel, 
times are incorporated into design, either ‘vertical or hoviscntel alwave 
and sides and tops are hinged for proves an interesting problem. It is 
wheel replacement or dressing. advisable to consider wheel replace- 
ment and locating the point of ex- 
haust as close to a perfect tangent 


Fig. 3—-Pedal operated turntable in to material leaving the periphery of 
the foundry snagging and cleaning wheel, as possible. Sometimes on 
department. Note cross draft hood larger wheels the complete top half 

arrangement. of hood is removable for wheel re- 


placement. 

The safety of these types of hoods, 
however, should be the paramount 
consideration. Accidents have been 
recorded, where the face opening of 
hood was too great and castings 
would become lodged between side 
of hood and wheel itself. 

The horizontal grinder frequently 
has its own exhaust connections built 
in bottom. It is then only necessary 
to utilize a circular header at the 
bottom of grinder to collect the vari- 
ous points of exhaust. 

Figure 6 illustrates a wet grinding 
application utilizing heavy duty 
steel plate hoods, with provision for 
ready removal of the hoods and 
wheels, by means of an overhead 
chain fall. 

Mold Cooling Tunnels. Special 
consideration is given to the design 
of mold cooling tunnels (Fig. 7). 
These hoods are built from the floor, 











having a_ semi-circula 
served by one or two vert 
haust stacks with fans | 
stacks themselves. Removab 
tions are provided for appli 
removing weights, if desired 
Condensation Traf Cor 
tion traps are sometimes used 11 
branch lines for the purpos: 
ducing moisture content whic! 
always undesirable wher 
panied by solids and dust 
in the air stream. Heavy black st 
piping with electric welded 
and joined by compansion ang| 
nections is used where temper 


Fig. 4—Cylindrical 
table arrangement 
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cleaning cast 













































1? arrangement 
nding stands and 


line wheels. 


emoving hoods on a 
nding application. 





Unusual structural 
encountered as illus- 


draft fume exhaust 


s are usually placed at 10 
long side of header or 
for cleaning, inspection 





ince. Discharge stacks 
rtically through roof 
iipped either with rain 
bow, or tapered static 
efficient stack termina- 
slightly 


con- 


course, the 





uin nozzle which 
of the velocity pressure 
tatic. The rain cap and 
some protection against 
incur a slight additional 
ire to air discharge. 


Pattern Shop 

hop has its dust control 
However. here we have 
ng shavings, 

ither than foundry abra- 
hoods and piping can 
iat lighter in gauge, but 


chips and 


rt! s, require careful plan- 
ng ar xpert fitting to the wood- 
chines (Fig. 9). 


Air Volume and Piping Size 


In most instances, in foundrn 
proper, space being at a premium 
the hood 


from the hoods must bs 


equipme nt and piping 


built into 
This leads 


us into steps two and three, or the 


extremely limited space 


important phase of determining air 
volume and piping size 

Not until relatively recent years 
has the problem of pipe design been 
given its just place of importance in 
control sys- 


modern foundry dust 


tems. We keep rediscovering peri- 
odically that piping plays a major 
role in good foundry practice and 
although the design and ideas are 
somewhat different and _ slightly 


more advanced in the last quarter 








Fig. 7—Mold cooling tunnels. 


~ 


century, the basic fundamentals are 
the same. 

Fittings and Connections. Fittings 
and connections are used with 
branches brought in at very gradual 
angles and elbows are provided with 
throat radii resulting in a minimum 
of friction loss to air and material 
flow. Since the maximum amount 
of wear in an elbow takes place at 
the heel, opposite side from throat, 
removable plates are provided here 
which receive the wear of the abra- 
sive materials handled in air stream, 
and are replaceable making it un- 
necessary to change elbow itself 

The heavy duty “one piece” elbow 
is usually seen in modern installa- 
tions. This elbow, by virtue of be- 
ing formed from one piece of sheet 
metal, has but one throat seam and 


no rivets to wear. The girth seams 
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ire formed from the metal itself 


providing three thicknesses of metal 


seam comple tely around the elbow 


at each crimp 


foundry 


The majority of piping 
installations make use of galvanized 


iron or steel, riveted and soldered 
longitudinal and _ circumferential 
seams 

Gauges of piping range from No 
18 gauge for small diameter pipes 


through No. 14 


sizes. Elbows are at least two gauges 


gauge for larger 


heavier. Often old dust control sys- 
tems may be modernized by rear- 


ranging, balancing and _ replacing 


piping, resulting in increased effh- 


ciency 


Piping Diameter 
Its determination is a study in 
itself foundry 


design is customarily based on ve- 


Present day piping 













Above )—Cross draft fume 
exhaust system in connection with 


Fi g 8 


a condensation trap. 





control system in a 


Dust 
wood pattern shop. 


Fig. 9 











































































locities ranging from 3600 to 4500 
fpm. or velocity pressures from 0.8 
through 1.3 in. of H.O. It is desir 
able to maintain as constant a ve- 
locity pressure as possible and some- 
times cut-offs are provided and 
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locked in a fixed position to accom- 
plish this means. 

The computation of losses in the 
entire piping system must be care- 


fully worked out, and a study of 


hood entrance losses with equiva- 





Fig. 10 (Left )—T. 
control piping ir 


tion coll 


lent loss in perc: 
pressure, plus lin 
pipe in static, br 
losses, plus pressuri 
cleaning and exhau 
determine the total] 
the systems would 
Round piping is 
to oval or ellipti 
static pressures ar 
material handling s\ 
lar and square duct 
necessarily have a go 
ing tc prevent vibr 
ing of pipe as the si 
caution should be exe: 
will incur considerab 
consumption if select 
ties above 4500 fpm 
Figure 10 shows tl 
of dust control pipi: 
combination collection 
of which may be appr 
the men in lower right 
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USE OF WOOD MODELS IN 
DESIGNING AND PLANNING 


G. W. Schuller 
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is rapidly becoming 
ilitate betterment of 
lesign and an aid to 


rION of wood models 


nomy of a product. 


the various phases 


and 


igning and planning 
ourselves with the 


trades and 


in 


drawings and blue- 


nd that the design o1 


drawing will be com- 


zed. 


lily see from the draw- 


particular object pic- 


eneth and width. 


ent vie 


The 


ws, sectional 


tes project onto the 


mind 


the necessary 


s property of visualiz- 


ness or 


third 


dimen- 


f an object from the 


vital fac t 


or. Fe Ww 


peo- 


mpletely mastered this 


without the injection 


ther fac 


rs are 


lack of 


ever heard 


were he to 


visual 


closet 


tor, 


Aids Visualization 


namely, 


made in design 
power. 


a carpenter 
would have moved that 


or have 
revamped the room ar- 
rebuild his 
ybe this has happened 


home even though you 


through 


every 


detail 


ving with the building 


1eces of 


for castings 


coring 


are 
on the drawing and ex- 


new 


correct 


pattern 
involving 


in 


pertly planned as to clearances for 
the various cores and placement of 
that 


same pattern equipment may go to 


chaplet seats, etc however. 


the foundry for a casting only to 
find that the cores could not be as- 
the mold. Or 


mold 


sembled in the core 


assembly in the cope would 


not pass the cores set in the drag 


Even though the pattern equip- 
ment is made as per drawing and 
the house built as per specification, 
these errors, due to the lack of visual 
power or the inability to foresee the 
processing of operations in every de- 
tail, are costly to correct. In many 
instances, inconvenient and unfavor- 
able circumstances are set up in try 
ing to apply other methods to avoid 


the cost of redesign or reworking 
Aid in Core Assembly 
The use of 


been employed many times in intri- 


wood models have 
cate and complicated core assem- 
blies. The pattern maker has a bet- 
ter opportunity to see and simplify 
the partings of the core boxes and 


Many 


previously 


elimination of loose pieces. 
combinations of cores 
planned from the drawing have been 
combined into one core by the mak- 
ing of a wood model. 

The foundryman also may be con- 


sulted and enlightened on the prob- 








This meth- 


lems he may encounte1 
od affords him an opportunity to se 
the contours of the cores easily and 
suggest 
any 


to voice his approval or 
before 
He can 


changes in assembly 
costly equipment is made. 
readily devise his system of installing 
the necessary venting arrangements, 
the placement of wires or rods o1 
the complete method to make and 
Many 


manner 


the cores. changes 
come this 


may simplify core making, gating 


assemble 
about in which 
and molding procedures and lead to 


better or more economical casting 


Short Cut to Planning 

The job of careful planning and 
designing can never be over done 
whether it be for a building, a set-up 
of operations in machining or the 
complete layout for the function of 
an industry. The use of models is 
a short cut to all of these factors 

Figure 1 shows a model of a com- 
plete line for the making of dry 
sand molds for an aluminum ai! 
cooled cylinder head. Every detail 
was carefully planned and designed 
on paper—then a wooden model 
was made so the most minute detail 
and operation could be observed. 
[This model was made to the scale 
of one-half inch to the foot. The 


cylinder head involved was the deep 








Many errors are made in design due to the lack of visual 

power. The job of careful planning and designing can 
never be over done whether it be for a building, a set-up of 
operations in machining or the complete layout for the func- 
tion of an industry. The use of models is truly a short cut to 
all of these factors. Models, preferably wood models, have a 
definite place in the scheme of industry and construction. 
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Fig. 1—Model of core making line. 1—Cleaning and 
washing pattern; 2—Inserting nails at pattern joint; 9 


3—Vibrating sand into fins; 4 


Adding a few additional 


Woop MobELs IN DEsIGNIN 


core oven; 11 


nails; 5—Jolting backing sand over pattern; 6—Core 


finned type for a radial engine. 

Considerable experimental work 
was involved in a search for a more 
rapid and economical method of 
producing these castings and the use 
of this model facilitated in the es- 
tablishment of a well planned and 
progressive method of producing the 
molds. The “assembly line” method 
of operation in making the molds 
was used, as shown in Fig. 1. 

Several sets of patterns, in core 
box form, were employed and pro- 
gressed to stations for each opera- 
tion. Every sequence of operation 
was worked out by the use of this 
model from the washing and clean- 
ing of the pattern at the first station 
to the final placement of the core 
on the oven conveyor and the 
eventual return of the pattern to 
the starting point. 


Models in Aircraft Industry 

The aircraft and automotive in- 
dustries are great users of models, 
both full scale and miniature size. 
Model making is a vital part of the 
aircraft industry and thousands of 
dollars are spent on a single model 
of many an aircraft design so the 
stresses on the wings and fuselage 
can be studied by use of the wind 
tunnel. Many corrections in design 
are made through the careful re- 
search on the model before any at- 
tempt is made to build the plane. 

The contour of body design in the 


automotive industry is worked out 
by the use of full scale models. The 
answer to the prayer of an automo- 
tive manufacturer is a compact unit 
loaded with power and speed yet 
pleasing and alluring to the eye. In 
normal times, a large part of the 
battle of sales is fought by the care- 
ful shaping of the body models. 
Imagine the thousands of dollars in- 
volved in making dies for forming 
the body parts that can be jeopard- 
ized by a misinterpretation on the 
drawings. Wood models completely 
eliminate this hazard. 

In planning the sequence of ma- 
chining operations for the numerous 
parts comprising a motor, a pilot 
piece is usually machined first to 
“iron out” those hidden “bugs” that 
cannot quite be visualized on the 
drawings. To the planner and ma- 
chinist these pilot pieces are actually 
his models. Many of you probably 
can say much about time, material 
and tooling that was saved or pos- 
sibly even eliminated in your own 
plant by the use of this method. 


Making of Models 

You may ask these questions, 
“What materials are used for mod- 
els?” and “Who makes them?” Sev- 
eral materials are used, such as 
wood, plaster, white metal and vari- 
ous other metals. Wood is generally 
used because of its workability and 
economy. Also changes can readily 


entering blower for completion; 7—Pla 
top of finished core; 8—Core in process « 
Core completed;; 10—Placing core 
Driers returning from oven; 12—Px 
return to station No. 1. 





be made in models mad 

Plaster models are used wher 
precise shape or contour is t 
held. Although they ar 
broken or marred, they ar 
used by the engineer for the des 
of cylinder head inlet and exhaust 
ports. They are oftentimes used { 
the measurement of volumes 
these ports and the shaping of t! 
combustion chambers, to 
desired volume in gas engi 
der heads. White metal models 
used when accuracy is exp 
be maintained and much handlir 
is required. 

The question then arises—‘“W 
makes the models?” The engin 
the tool designer, the machinist 
foundryman? It should fal 
someone with respect or parti 
knowledge of each of the above, or P 
a patternmaker. The patternmake! i 
works with the necessary materials 
and has a knowledge of machinery 
tooling, and is well acquainted wit! 
foundry problems. He is also 
engineer in his own right 

It is commonly known that moc- 
els, preferably wood models 
a definite place in the scheme 0 
dustry and construction. A moc 
generally speaking, is actually a Ge 
vice for viewing the 
the scenes.” Their uses are variec 
and many, which can be summ 
ized as follows: 

The engineer may b 









, : ) , 
10del for V-type 12 cylinder 
. 5 ’ ee 

right Full scaie paritai 


t section of V-12 engine bloc! 


form and readily Fig. 4. Also note the single strength but a few of the changes in design 
weakness of structure ening rib in the water jacket of each which were effected by the engincer 
section to be under bore in Fig. 2 to the type shown in after making a complete study of 
designed. A full Fig. 3 and partially visible in Fig. 4 the models 
a model “V” type, The final design incorporated a For the Planning and Too! Design 
Diesel engine block is system of ribs to be directly under Departments, the same “V-12” mod- 
2. This model and the studs that hold the cylinder head el was constructed for the processing 
hrough the bore model. on the block. You can also note the f machine operations and the us 


built principally for the change of the water opening pas- of the tool designer, as shown on 


sage on the side of the model Fig. 4 Fig. 4 and 5. The application of 
not the change of de- trom the original mode] The se are this half s¢ ale mode | to Cac h ol the 
ribbing and thin flange 


et chamber (shown at = ;, 3 

f t lett / } vi 7 half scale mode oO 12 cylun- 

der Diesel block used by Planning and Tool Design 

De hartment to aid 7 processin machine operation 

i > i 

and de s7on ¢ i necessar) {o lar Fig. ) helou Bottom 

Pai of | alf cal model ; a ¢ ylinder Diesel block 
Shown ; 


the “V”) in the original 
2, and the final model. 
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Fig. 6 (above) 


for assembly planning. Fig. 7 (right) 


above departments cannot be over- 
emphasized. The model, itself, cost 
$2,500.00 to build 
and has saved many times its cost 
in processing and tool design alone. 

It can easily be seen how far the 
use of this model outmodes the use 
of the drawing alone. The cost of 
the tooling in this particular block 
ran well over a quarter million dol- 
lars. Figures 4 and 5 have dealt with 
a half scale model of a large engine 
block. Let us look at still another 
phase of planning as shown by Fig. 
6. These small engine models are 
made 1/24 scale and were built for 
assembly planning. They cost from 
$65.00 to approximately $125.00. 

From the study of these models, a 
hanger system for the engine assem- 
bly line has been devised to be used 
from the beginning cf assembly to 
the completed engine. The engines 
are then planned to be “run in” on 
the same hangers, thereby saving an 
estimated two and a half hours “run- 
ning in” time and approximately 
2,500 gallons of fuel oil per month. 
Models have a place in Planning 
and Tool Design Departments. 

For the patternmaker and found- 
ryman, much can be said about 
models as they are both concerned 
with difficulties that may be encoun- 


approximately 


> 


Fig. 8—Model of track link for track 
type tractors. 


Models made to one twenty-fourth scale used 
End section model of a 
six cylinder Diesel cylinder head used for study by engineer and 
pattern maker. 


tered in the foundry, as previously 
mentioned in this paper. The model 
shown in Fig. 7 is an end section of 
a six-cylinder head. The finished 
head casting is one casting for .all 
six cylinders. This model was built 
principally for engineering and ex- 
perimental departments, but re- 
turned to pattern shop for use while 
building pattern equipment. 

This particular cylinder head pre- 
sented a problem in the making of 
the jacket cores, as the inlet and 
exhaust ports are on opposite sides 
of the head creating a very thin 
sectional core. Many bosses in this 


So 
oe 






head were changed in 
permit the proper ventin; 
Many parts are redesigned 1 


inate excess coring and des 


sand pockets in molding by t! 
sultation between the patt 
foundryman and engineer! 
For the die maker and 
manufacturer, Fig. 8 shows a \ 
en model of a tractor track 
which is a forging incor 
many different radii and 
from one radius to a larger 
The parting line and draft ang : 
are clearly shown on " 
Hence one of the r 
model is to eliminate a possi 
interpretation of the drawing 

















ype of piece is us- 
te metal and finish- 
It is then approved 
r and sent to the 
turer along with a 
plicate white metal 
the Inspection De- 
method eliminates 











error in die mak- 





rences of blue print 





‘blem arose in con- 





diagonal brace for 
of a tractor. This 
cated part, the bear- 
This 


ynsiderable discussion 






eing a forging. 






rineers relative to the 
neck of the bearing 
k of the fabrication. 
the bearing forging in- 
ed neck of the brace was 
to an “X” 
ded by a small circle 
led at the neck. 
4 wor model of the neck sec- 
ided upon. Modeling 
on this same model, 









section 









eground of Fig. 9, to 
ngthening in design at 
tion. (Note the step in 
w the addition of the 
The final product 
rthened brace is shown 
in background of Fig. 
ie meant the bearing 
ust also be redesigned. 
OWS a close-up of this 










iT 









Mod clay was again added 
model which would show the 

the design to meet the re- 

of the engineer and forg- 
icturer. Note the parting 
lightening out of desired 
hrough the use of a wood 

some modeling clay, a 

nger brace was effected and the 











corrected. 






There are many miscellaneous ap- 
plications for models. It was de- 
sired to choose from drawings, a 
letter to 
adopt and apply to a “Caterpillar” 
radiator top tank and side plate. It 


suitable type and case 


was necessary to design these so 
that they 
height of 70 in 


could be read from a 
when looking at 
Three 


full scale wood models of the top 


the radiator of the tractor 


tank were made, each with a dif- 
letter. These 
were made so that top management 


ferent case models 
could quickly choose and adopt a 
particular type letter to be used 
throughout Caterpillar products 

In conclusion, the writer would 
like to add that the use of wood 
models in designing and planning 
does pay dividends. Although only 
a few illustrations are mentioned in 
this paper, there are countless op- 
portunities for using such models in 
the industry. Each of the various 
phases of manufacture are rapidly 
becoming conscious of the problems 
of the other through the use of 
models—the engineer is becoming 
more interested in foundry prob- 
lems—the tool designer is becoming 
familiar with the parting lines and 
draft angles on the pattern, et 

The model tends to merge each 
problem into one unit so each 
branch of industry can actually les- 
sen the problems of the other. The 
initial cost of the model is often- 
times repaid many times through 
the saving of time, material and en- 
ergy in processing and manufactur- 


Lae 


ing a product. 


DISCUSSION 
Chairman: Franx C. Cecu, Cleve- 
land Trade School, Cleveland. 
Co-Chairman: V. J. Septon, Master 
Pattern Co., Cleveland. 
Peter Rettic’: I would like to ask 
who constructs these models? 






































































Fig 10 yf model of 


Close-up view 


bearin 2 for ong 


Mr. SCHULLER 
our plant makes all the models, because 
he has a fair knowledge of engineering 
He also has a good knowledge of tool 
he pattern- 


Che patternmaker in 


making and tool designing 
maker does the actual making of the 
models 

Mr. Rettic: 
low the job right through then? 

Mr. ScHuLLER: He follows the job 
through so far as the model is con- 
cerned. The patternmaker makes the 
model from a drawing. The model may 
go to several stations, such as the engi- 
neering department, planning depart- 
ment, and possibly tool design In many 


Does the same man fol- 


instances, changes are made before the 
eventual part is completed 

I brought with me a model of an oil 
pump that was made to simplify molding 
and coring and to simplify cleaning of 
Many 
changes came about in design and mak- 
ing of the equipmert due to this model 

Mr. Cecu: I would like to ask what 
led up to the use of the models in the 
first place? 

Mr. ScuHuLier: Inability to visualize 
a part from a drawing necessitated the 
making of models. 

Mr. Cecu: Was there any particular 
job coming through the shop that neces- 
sitated it? 

Mr. Scuutver: This particular oil 
pump housing had many ports that 
crossed each other and lead into one 
another, hence it was quite a job to 
visualize. So we started out by making 
the model. As the model progressed, we 
changed some of the ports to climinate 
and simplify quite a lot of coring. We 
also changed the design of the part, in 
accordance with the engineering depart- 


the casting all the way around. 


Cleveland 


‘Rettie Pattern Co 






Fig. 9—Models of diagonal brace in 





proc ess of rede sen. 
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ment, so we could clean the casting. 

Mr. Cecu: I am wondering whether 
the engineering department themselves 
requested the making of the model orig- 
inally. How long have you been using 
models? 

J. E. Kors’: We have been using 
models for years. Mostly the engineering 
department request models. It is easier 
for a designer who thoroughly under- 
stands his own drawing to impart in- 
formation to one or two individuals who 
might be making the model. Then a 
group of engineers who would be work- 
ing on the component parts of some- 
thing such as a motor could study the 
model and in five minutes see all the dif- 
ferent phases insofar as engineering, ma- 
chine operations, and planning is con- 
cerned for a well-designed part 

We, in the pattern shop, can get our 
information, you might say, free, or in 
other words, the engineers pay for this 
model. We can see a lot of short cuts 
and improvements which we think would 
be beneficial for foundry practice that 
we reque st of the engineers as we go 
along with the model. The small crank- 
case model that was shown was re- 
quested by the planning department for 
machine tool purposes 

From the model, the sequence of all 
of their machine operations was planned 
Chey could look at that model and locate 
all the drilled holes, tapped holes, milled 
surfaces, and bores A group of men 
working in the planning department who 
are concerned with the processing of that 
part through the shop, could visualize 
in far less time from the model than 
twice the number of men could by read- 
ing the blue print only 


MemBER: I did not notice whether 
Mr. Schuller stressed the importance of 
models to the foundry division He 


seemed to be speaking about the engi- 
neers, tool shop, and machine shop 
Models are of a great help to the foundry 
division. There are many angles that a 
foundryman can see from a model, that 
he cannot see from a drawing or get 
from an explanation 

At our plant we used models for the 
last 20 years It has been one of our 
big items and big forces of help to our 
foundry. If Mr. Schuller could elaborate 
on the usefulness to the foundry, I think 


‘Caterpillar Tractor Co Peoria, Ill 


Woop MobELs IN DEsIGn 


it would help the foundrymen 

MemBeER: Some years ago I had to 
make a pattern of a stirrer which inter- 
laced with another stirrer The engi- 
neering department did not know 
whether these two blades would inter- 
lock in the mixing. I proceeded to make 
a model, geared it so that one pattern 
would turn inside the other. I found 
that I had the thing which could not 
be put on blue prints and it was a great 
help in that case. The model was used 
as the pattern, hence it did not cost 
anything 

Mr. ScHvuLier: That was one time 
where a pattern could be used actually 
as a model. Many times a model is 
made before we have a pattern. You 
were fortunate in this case 

It is true models do play an important 
part so far as the foundry is concerned 
It is a knack to have the power to com- 
plete visualization. It is really not a 
foundryman’s job to be able to read a 
drawing completely. By the use of a 
model he can see the actual part. Many 
important changes came about through a 
foundryman’s suggestion that was not 
seen by the patternmaker, the engineer, 
or anybody else. 

MEMBER: The use of models in the 
airplane industry was spoken about. But 
in the ship building industry during the 
war we used full scale models of the 
interior of submarines The company 
thought it worth while to spend a thou- 
sand dollars to construct the building 
just to house them. They were used 
primarily for the ship business. The ship 
fitter and pipe fitters, in bending copper 
pipes in the model avoided the use of 
an extra number of men working in the 
actual hull 

While the electricians or welders were 
working in the various compartments, 
the pipe fitters worked in the model. 
When the compartment was clear they 
fitted pipes right in and assembled them 
in place. They also made models of the 
engine room out of wood, using pattern- 
makers and joiners for that work, and 
saved a great amount of labor in trans- 
porting it to the hull. 

Mr. ScHULLER: That is another good 
illustration in the use of a model. 

A. H. Trapp*: I have found it quite 


Minneapolis-Moline Power Implement Co 
Minneapolis 





valuable in the last 
models of certain 
head. Let us cons 
head where we hay ot 
It sometimes turns o 
plicated because they 
with a fork. The d 
difficult to show on t 
is hard to visualize 
cross sections are mad 
but it is hard to visual 
part will look. 
Of course, it mak« 
for the patternmake: 
box according to that 
ternmaker generally cx 
man or coremaker du 
the model. Questio: 
would you make that 
we part that box? H 
best in your core roon 
questions which may 
making of the model 
We have found it 
make up a little mod 
proper. Then we decid 
For a number of years now 
blowing cores, using cor 
ers. We all have beer 
the problems of keeping co: 
If you have a straight part 
not have much troubk How 
you are going to have irreeu 
those are generally the prob! 
patternmaker, because they w 
quently and you have to tight 
We have found in numerous 
it is hard to visualize these thing 
a drawing, and it is hard to ex 


our foundrymen just what pro 


have. I am very much 
models. Of course, we have not ¢ e 
too deeply into it, as yet, but 
numerous places where models w 
help a lot, especially in deter Q 
some complicated blower equipn 
Mr. SCHULLER: There are th 
of uses for models. I have just 
on a very few illustrations. But 
actually merges all problems 
problem. The engineer is beginning | t I 
be conscious of the patternmal \ 
patternmaker is conscious of tl g 
neer, and so forth. The toci 
even is beginning to wonder how 


terns are made. Modcis are not new IrD 
but they are being employed mor 
than they have been. They pay fort ae 
selves many times ove! 


















































































HIGH TEMPERATURE SAND TESTING 


Sixth Annual Progress Report 








D. C. Williams 
A.F.A. Fellow 


ornell University 


Fe 


theca, 


ion. This, the 

t of research on the be- 
steel foundry sands at 
peratures covers work 
, the calendar year 1945. 
rations covered by this 
conducted at Cornell 
by A. F. A. Research Fel- 
Douglas C. Williams. The Fel- 
rovided by the American 

en’s Association under its 
Development Program 

work is under the general 

f the Steel Sand Subcom- 

the Committee on the 
Properties of Foundry Sands 


sixth 


t Elevated Temperatures. 
Various miscellaneous and annual 
have set forth from time to 


ver the last eight years the 
rposes of this Research Fellowship 
the Steel Sands Subcommit- 
hereinafter referred to as “6b7.” 


in Mr. Williams’ report for 1944 and 


port of the Chairman, Mr. 

ner Finster, the specific aims of 
it that time were defined. 

\s work progressed on the “single 

" program of testing, using 

nercial dilatometers, it became 

ngly apparent that results 

t adequate for research pur- 

though general trends in the 

| variable of composition and 

could be effectively estab- 


i at a Sand Research Session 
tieth Annual Meeting of the 

Foundrymen’s Association, 
+b, at Cleveland. 


lished. 


der to obtain a fundamental under- 


It was felt by 6b7 that in or- 


standing of the behavior of foundry 
sands at elevated 
would be necessary to 


temperatures it 
construct a 
special research furnace. 

It developed that Cornell Univer- 
sity was willing to provide funds for 
this undertaking and Mr. Williams 
to build the 
nace, which is now in operation. In 
order to 
with the program of practical test- 


set about “ideal” fur- 


continue simultaneously 
ing on the commercial instruments, 
A.F.A. provided funds for an as- 
sistant to Mr. Williams. 

Also to enable the test work to be 
done on the latest equipment Mr 
Dietert, of the Harry W. Dietert 
Company donated a new 1944 model 
dilatometer to A.F.A. for the work 
of 6b7. Except for certain items of 
general equipment such as baking 
ovens and miscellaneous room tem- 
perature testing equipment the Cor- 
nell laboratory is now well equipped 
for both fundamental research and 
practical testing. 

It will be readily realized that 
maximum attention to each of the 
varied phases of the work at Cornell 





Sixth Annual Progress 
Report of the investi- 


gation of steel foundry 
sands at elevated tem- 
peratures, sponsored by 


the Subcommittee on Steel 
Sands, Committee on Phy- 
sical Properties of Foundry 
Sands at Elevated Tem- 
pertures and conducted at 
Cornell University. 














has been impossible and progress in 


any one direction has been slower 


than desired. Progress upon the new 
furnace, for example, has been ham- 
pered by the emphasis upon prac- 
tical testing which 6b7 felt was es- 
sential to the continued support of 
the practical foundryman 

As work progressed, however, it 
became more and apparent 
that division of the work at Cornell 


was resulting in lost motion, and in 


more 


the last analysis that the fundamental 
investigations would be essential to 
optimum interpretation and use of 
test results. At the 
meeting of the Sand Committees at 
Cleveland, December 6 and 7, 1945, 


it was unanimously decided to focus 


the practical 


attention on the research furnace 
until it had been brought to a state 
of perfection suitable for funda- 
mental work, and then to undertake 


programs of practical investigation. 


Accordingly, the report on the 
work done to date on the single vari- 
able program is relegated to an ap- 
pendix to the main topic. The origi- 
nal program of co-operative testing 
between Cornell University and the 
Naval Research Laboratory has been 
temporarily discontinued until atten- 
tion is again focussed on the prac- 
tical test work. 


In addition to his formal report 
Mr. Williams has prepared a color 
movie showing the sand specimens 
subjected to different conditions of 
handling and heating. This is his 
first attempt to record the behavior 
of foundry sands at elevated tem- 
peratures on film and although not 
the polished job of a professional it 
is clear that much can be learned 
to supplement that 


from movies 
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Fig. 1—Horizontal section through furnace and charging platform. Approxti- 
mate locations of observation ports, charging door and Target Tube are given 





















































Fig. 2 (Above )—Vertical section through 
furnace and charging platform. Speci- 
men location is shown as well as refrac- 
tory specimen support that operates as 
a skid. Parts are identified as follows: 
(1) rigid top cross-piece; (2) nine Globar 
heating elements; (3) observation port; 
(4) ceramic disks; (5) test specimen; 
(6) compression and transverse specimen 
support; (7) fixed upper loading post; 
(8) moving lower loading post; (9) cer- 
amic skidway charging platform; (10) 
top cross-piece support; (11) radiation 
pyrometer target tube; (12) charging 
door (full height of furnace); (13) 
charging platform support. 








Hicu TEMPERATUR 


Fig. 3—View of interi 
showing (1) observation port ot 
(2) Globar heating elemer 

get Tube end (Rayotube 

this end for temperature nt? { Vi 
chamfered opening for heating ele 


Fig. 4 (Below )—Outside 
furnace without sheet me 
total radiation pyrometer 
Tube for temperature con 
lining; (3) intermediate i 
outer insulation; (5) obse ion por 
(6) electrical connectior 
elements 
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Pe eee 











testing equipment; (1 
switch; (5) controller; 


(8) 


seen by the naked eye 

y instruments. 

in his report as Chair- 
or 1944, made the fol- 
rvation, “To pursue its 


ib-committee needs the 
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His words are as applicable today 
as they were then except that w 
have more closely approached th 
time when we can obtain the ac- 
urate reproducible, fundamental 
results needed. In every new field of 
ndeavor progress is always slow 
and in spite of its unquestioned val- 
u res arch never appears economi- 
cal of time or money. Your chairman 
is certain that the work of the next 
vear will prove the foresight and 
patience of A.F.A. in entering this 
held of investigation well founded 

I take this opportunity to express 
appreciation for the interest and as- 
sistance of all persons connected 
with the work of 6b7, particularly 
Professor ]. R. Moynihan and D1 
H. Reis of Cornell University and 
the persons who comprise the mem- 


‘sane ae bership of the Sub-committee. Espe- 


furnace; (2 


6) magnetic itactor capacitors. an cial acknowledgment is due the Re- 


switch panel. search Fellow, D. C. Williams for 


his tireless effort and unflagging in- 
terest in his work. 
whole-hearted support of the mem- Sub-committee personnel are 
bers of A.F.A. and their patient Howard F. Taylor, Chairman 
understanding that fundamental in- John Rassenfoss, Vice-Chairman 
formation must first be gained before Charles W. Briggs 
practical application can be carried Harry W. Dietert 
out intelligently.” Werner Finster 





Fig. 6—Electrical wiring diagram for elevated temperature furnace 





200 AMP. FUSE— 


J 




















25 AMP. FUSE 

















15-SINGLE POLE 





KNIFE SWITCHES, 30 AMP. EACH 





+o 
g > 
200 AMP. 
a a 


60 CYCLE 


- 90 AMP. 








MAGNETIC 
440 VOLT - 





440 


CAPACITORS 
[ Quad 

CTOR 

VOLT 


1» 
3 POLE 
CONTA 


DOUBLE THROW 








SWITCH 


SUPPLY 














SAFETY 








POWER 




















PHASE 








9-34” 4 12° 1" "AT" TYPE 
T YOLTS - ‘ pt 
GLOBAR ELEMENTS, 59 VOLTS - 79 AMP, | CONTROL PYROMETER 


/ 


SINGLE 

















+ 


se 

















115 VOLT LINE 





























199 Hich TEMPERAT! 


Fig 7 Vieu sh 





1. The test spr 
seen when being t 

2. The furnace 
heat capacity and 
that introduction 
men would causs 
in furnace temperat 

3. Within the test 
zone around _ the 
should be of unifon 

4. The furnace 
enough to make t: 
elevated temperatur 

5. The hydrauli: 
should be equipped 
vary rate of applica 

Furnace Construction 

In designing the fun 
consulted Mr. B. A. B 
Engineer, Globar Di n. ( 
rundum Company a1 





of the furnace was st 
part of 1944, at Corr 


The University, through Dean § — 
Hollister, provided 

‘ -— 
funds to procure required mat A 


Figures | and 2 sh 
and vertical sections 
furnace. The diameter 
nace is 18 in., the cl 
is 11 in., and 9 heatir 
used. 
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‘lyde Jenni F 
| Hobart N. Kraner 
J. R. Moynihan _ 
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Earl Wo vd lift anil - — a oe zl - lL 
Douglas Williams VALVE \sy-pass wave | 
Respectfully Submitted, [ 
Howard F. Tavlor. Chairman. =J “= | 
|pRIMA 
Research Furnace Ba wr2e6 2s | NS 
lo clearly indicate characteristics ars 
of the new research furnace it ap- w | s 
pears desirable to describe its con- a | 
struction in detail before recording S 
the few experimental results ob- — os 5 - 2 
tained during the short time the unit Swe - : 
has been in operation. For funda- 
mental research upon foundry sands PISTON 5 
at elevated temperature it was de- 2 
termined necessary that the equip- S| 
ment have the facilities to meet the : 
following requirements: x 
SS PRIMARY LOAD -_ Oll_LINE J } 
OIL + PT am 
Fi 8—Diagram of hydraulic pressure L/ RESERVUIR YH it ahaha 
loading system ———— ~~ 























Table 1 


RESSIVE STRENGTH OF TEST SPECIMENS AS DETERMINED 
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> > 


un. wet mixing 


Exposure 
Time 


in Min 
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QD Or 
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Temperature in psi. Usin 


Se 





410 
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Hot Compressive Strengti 





Control Research Commer 
tling I tor 
2500 ) 42 
2500 i) 13 
2500 20 19 
2500 } 99 
2500 { 7 
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2500 ) 
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For a furnace of this size the op- 
erating cost electri powe! is not 
as great as was expected. Below are 


shown power consumption and tem- 
peratures (optical pyrometer meas- 
urements) of a heating element and 


furnace wall. 





Table 2 
SAND MixTuREsS TESTED 
Mixture 
No Ingredient Per Cent 
{Western Bentonite 4 
1 7 
| Sand 96 
{Western Bentonite 4 
2 < Silica Flour 10 
|Sand 86 
Western Bentonite 4 
3 {Corn Flour l 
| Sand 95 
Southern Bentonite 4 
+ 4 
| Sand 96 
(Southern Bentonite 4 
5 < Silica Flour 10 
Sand 86 
Southern Bentonite 4 
6 ‘Corn Flour l 
| Sand 95 
Fire Clay 4 
7 ‘ 
|Sand 96 
{Fire Clay 4 
8 {Corn Flour 1 
| Sand 95 











=e lowta 
man Te * 


= a 
7 
NIN ue \ 
} U Cumulative per en distribu 
m curve r N ] \ c used 
r nve Re é n 
I .) Standard Sieve é é er 
. oe temperature control 
setting 1960° I 
Power consumption during 45 hr 
aver. 6.2 kw per hi 
Temperature of heating elk 
ment 2080" I 
Temperature of furnacs 
wall 1970° I 
2 | CS 500 I 
Power consumption during 40 hr 
aver. 8.3 kw per hr 
lemperature of heating el 
ment 2610° I 
lemperature ol turnace 
walls 2505° I 





Much be 


required to reduce the temperature 


more insulation would 
difference between the elements and 
This 100° F. ten 


at the ent 


the furnace wall 


perature difference, pri 


time, is not considered harmful 


Figures 3 and 4 are two views of 


the 
Figure 
furnace through the charging doo: 


furnace showing construction 


3 is a view looking into the 


and Figure 4 shows the almost com- 


pleted furnace without the sheet 
metal casing. Figure 5 shows the 
furnace and control equipment ex 
cept the hydraulic loading system 


The sheet metal top was found un- 
necessary and is no longer used 

In order to secure best results with 
the Globar heating elements, capac i- 





Table 3 
SCREEN ANALYSIS OI} 


No. 60 N. J. Test SAND 

U.S. Standard Per Cent 
Sieve Size Retained 
On 20 0.00 
40 0.51 

50 10.15 

70 40.95 

100 35.40 

140 10.90 

200 1.92 
270 Trace 
Pan Trace 

99 83 















































494 Hicu TEMPERATU! 
Centering of thx 
Table 4 - s 
: : posts 1s accomplisl 
Hor ComMpRESSIVE STRENGTH TEST VALUES FROM SEVERAL SERIES OF : 
| ; , holder suggested | 
Tests UpoN THE SAME MIXTURES SHOWING THE VARIATION f © W.C And 
. . . essor » & And) 
OpsTaiNED FROM SERIES TO SERIES la aan : 
T.C.S 1600° F. 2000° F 2500 F versity and is show: . 
Exposure Time eral slots are cut in t 
Mi 2 8 l¢ 2 8 I¢ 2 8 It . , 
in Min ) : 4 7 tion of the holder fi 
} Mixture No. I 2 . ‘ 
Test Serie post. By simpiy tigh 
No. | 127 338 405 126 153 173 221 6 0 : a oe te 
> 147 400 580 182 183 221 108 6 0 knurled collar the 
151 519 632 99 177 159 accurately and firm! 
10 277) «=—410 can be adapted to ; : 
Mixture No. 2 _ ' # 
aan The use of the “AJ 0 
| 194 850 1000 366 307 304 194 24 22 heating element has 
) 9 3¢ ( 37 2¢ 99 5 . 
9 176 414 1 190 378 396 224 30 46 need for cumbersom: 
Mixture No. 3 and drain c nial 
; 99 277 236 102 65 147 46 0 0 and drain connection 
9 103 325 370 165 66 158 22 2 6 tube and other insta! 
) 81 12 450 130 61 133 
. A Rayotube (total! 
Mixture No. 4 mee : 
l 40 131 215 40 99 87 91 4 0 rometer ) sighted into g 
2 31 164 272 10 24 65 20 1 0 is used for temperature cont; Wa 
3 27 107 193 55 44 82 17 0 + se fs 7 se 
, 14 148 256 195 5 5 ste ad of a thermocouple wi I 
5 ; = 97 0 0 junction is exposed. T] 
6 + 2700~«CO8sCi unprotected platinum—90 p 
Mixture No. 5 font P 
: ‘ . jlatinum, 10 per cent 4 
60 341 620 150 78 178 131 9 4 I a a. 
9 "176 359 366 147 84 216 80 9 20 thermocouple hot junct 
7s. 6 ie 120 2 0 tinued temperature contr 
Mixture No. 6 —* 2400° F. is not satisfact rl 
l 59 125 185 40 29 87 20 4 0 on . 
2 31 164 272 40 24 65 14 0 search work. The Rayotul 
41 123 232 43 3 92 92 5 5 target tube end about 2 
‘4 5 5 2 7 9 i 
50 11s 247 n : 0 0 test specimens. Because of t! 
Mixture No. 7 ion veined “al. ie fur 
! ¥ .. 36 51 64 78 302 343 26 34 40 ee a Teen 
2 21 55 £78 31 172 202 29 2 0 small temperature drop on the intro- 
? 9) = —— . ° 
we ecw Rapegs . 18 144 231 duction of the test specimens t! 
Mixture No. 8 ee ’ oF ee 
; 56 103 90 86 147 212 24 5 action to temperature chang 
2 37 76 92 SS) 2a? 6270 13 3 11 adequate. However, too few exper- Ger 
3 $200 42040 20 169 193 #2061110 ments have been, made, 
determine the overall satisfactor ( 
| of the Rayotube for this purpo: 
| tors were used to supply continuous plied to the test specimens and Test Results. Since com) 
rather than intermittent power. When eliminate any fluctuation of the the research furnace only 
| the equipment is operating, sufficient gauge pointer due to pump action. amount of time has been ay 
capacitance is switched on continu- he oil line from the primary weight for test work. To date it ha 
ously to maintain a _ temperature piston is connected to the upper side possible to make only superfi 
slightly below the chosen T.CS. of the loading piston. Figure 8 shows vestigation of the comparisot 
[his requires the controller to ad- a diagram of the hydraulic system tween specimens tested 
just a relatively small amount of ad- as suggested and made by A. W. search furnace and the cor 
ditional capacitance to maintain the Jenkins, Cornell University. dilatometer (1944 mod: ¥ 
desired T.C.S. Figure 6 gives the 
wiring diagram used and Figure 7 
shows installation of the apparatus. 
: ’ : — Table 5 
Since a study of the effect of the : ; . " B 
; ae . * Hic CompreEssIvVe STRENGTH OF TesT SPECIMENS WITH A ba! aa 
rate of loading of test specimens 1s . > . + “sonal 
Ps . MoristurE Content oF 3.4 + 0.2 Per CEN1 
to be one of the subjects of investi- oene* P i 
. . . v \ Mu > 2 / } 
gation it was necessary to provide a TCS. 1600° F. 0 
: : sae Exposure Time 
means for variable loading. This jn Min 2 8 16 2 8 16 : 
was done by allowing oil from a con- Mixture No. 1 Ex, 
‘ —_ Test Series 
Stant speed pump to flow to a cham- No. 1 115 368 551 183 301 344 1 
ber to which two valves are con- 9 120 422 508 182 183 221 
T 57 2 7 225 206 
nected. The rate of piston travel is 3 57 204 : 417 , 118 , ; 
. : 3 he Mixture No. 4 
controlled by opening or closing the ' 88 283 453 25 19 45 12 
by-pass valve. An auxiliary primary 9 929 71 118 97 15 34 6 
load piston is incorporated to in- Mixture No. 7 : 
crease the tare weight. This feature Ny re Tas: 6 71 132 7 
is desirable when small loads are ap- _- =F 

















of parallel tests 
hot compressive 
the two pieces of 
The mixtures re- 
ber are indicated 
rate of loading used 
table rise under 
for both units. The 
1g time for each 
16 sec. at a T.CS. 
ce so many H.CSS. 
S. of 2500° F. gave 
erage breaking time 
tle meaning. 
it will be seen that 
the shorter exposure 
values check reason- 
yproximately half the 


For the tests reported 
No. 60 N. J. Sand 
iried) was used. Fig- 
the cumulative dis- 
for this sand whose 
ve analysis is shown 


and southern ben- 
y, corn flour and silica 
1dditions to the sand 
commercial 
\ commercial moisture 
d for these determina- 


ed from 


[he specimens were tested 
iven 3 or 6 rams. 
Information. One type of 
en tube has been in use 
University for over a year. 
ccount of comparison 
the split type and 
iece specimen tubes was 
the writer’. The con- 
that report are given as 
\ split specimen tube has 
to be superior to a one- 
en tube for the follow- 


Williams “Split Type Specimen 
Elevated Temperature Sand 
nsactions, AMERICAN 


ASSOCIATION, vol. 53, p. 








Witru 4 anp 


1.CS 1600° F 
Exposure Time 
in Min 2 8 


Per Cent Fire Clay 
Three Rams at 
4 7 97 
10 17 Q 


Six Rams at 
} 22 30 


10 26 «107 


Three Rams 





Table 7 
Hot Compressive STRENG 


10 Per CEN? 


Per Cent Moisture 
} Per Cent Moisture 


14 Per Cent Moisture 
} 


OF SAND Test SPECIMEN 


Fire Cray In MIxtTurR 


6 71 132 4 5 17 


m 24 3 t2 8 19 








4 21 55 18 144 231 6 4 +() 
10 55 192 70 454 578 85 18 24 
Six Rams at 5.4 Per Cent Moisture 
4 27 67 24 178 202 15 10 992 
10 77 174 259 92 443 «671 104 22 ; 
1. The rammed “structure” of the ing. This is to d tinguish it from 
test spec imen is better preserve d the proce dure ol testing under 


2. Specimens from a certain sand 
mixture could not be stripped from 
the one-piece tube without damage 

3. With specimens from. sand mix- 
tures containing western bentonite 
the reproducibility of test values 
within any one batch was consistent- 
ly appreciably higher 

4. The type of split tub used in 
the investigation was found to be 
easier to use than the one-piece 
tube.” 

All hot compressive stre neth data 
was obtained from test specimens 

1-1/8 in. diameter and 2 in. high 
under the following general condi- 
tions: 

1. Green sand specimens wer 
used. 

2. Specimens were doubk -end 
rammed. 

3. Each test specimen in all tests 
was unconfined on its surface paral- 
lel to its axis. 

4. The atmosphere 
testing furnace will be called oxidiz- 


within the 





Table 6 
Hich CoMPRESSIVE STRENGTH OF SAND TEST SPECIMENS 
UnpeER GIVEN CONDITIONS 


) 1600° F. 2000° F. 2500° F 

Time 

Mir 2 8 16 2 8 16 2 8 16 

Three Rams 

ntonite 

71 277 438 84 173 172 85 7 5 

70 277 410 99 177 150 108 6 0 

138 562 741 270 305 300 147 7 7 

Six Rams . 

97 307 544 116 215 196 100 7 7 

97 322 525 122 217 208 100 2 2 

140 587 853 227 347 347 177 7 7 











“own atmosphere.” 

The mold for making transvers 
test specimens has just been made 
and data for this type of test will bi 
obtained for a future re port 

Che latest model of th commer- 
cial dilatometer has incorporated in 
its design features found on the re 


search furnace at Cornel] Universit, 


Appendix 
This appendix contains informa- 
tion and data obtained for th 
Foundry Mixes “single variable men 
tioned by Chairman Taylor in hi 
introduction 
Since the A.F.A. was given a 1944 
model dilatometer we have accumu- 
lated considerable H.C.S. data for 
the eight mixtures shown in Table 2 
For convenience, the mixture num- 
bers will be referred to throughout 
this report 
All data reported was 


trom testing green sand specimens 


obtained 


A limited amount of data from tests 
on dry sand specimens indicates no 
change in the trends developed by 
the green sand tests. For all test 

1-3/8 in. X1 in S disk 


were used 


“mullfrax” 


The writer in his Fourth Annual 
Progress Report* suggested that it bi 
kept in mind that the hot compres- 
sive strength test values should be 


*D. C. Williams, “Fourth Progress Re 
port on Investigations of Physical Prop 
erties of Steel Foundry Sands at Elevated 
Temperatures,” Transactions, AMERICAN 
FOUNDRYMEN’S ASSOCIATION, p. 979, vol 


92 (1944). 
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FOR 8 MIXTURES. 





Table & 
Hor ComprEsSIvVE STRENGTH TEST Data From Last SeriEs OF TEST 
Tuts Data Was USED FoR THE Basis 
OF CERTAIN GENERAL STATEMENTS CONCERNING THI 
EFFECT OF SOME VARIABLES UPON THE 
Hot CompRESSIVE STRENGTH 


i woe go 1600° F. 2000° F. 2500° F. 
Exposure Time 
in Min 2 8 16 2 8 16 2 8 16 
Vixture No 
Three Rams at 3.4 Per Cent Moisture 
| 57 204 417 118 225 206 81 3 3 
2 104 402 544 182 345 380 201 29 31 
3 19 89 252 54 63 104 63 6 7 
4 22 63a 27 15 34 6 0 0 
5 44 239 388 75 52 122 74 9 4 
6 24 73. 123 2 7 9 9 0 0 
7 7 27 31 6 71.) 6 O32 8 5 7 
8 7 0 0 - 64] 16 3 l 2 
Six Rams at 3.4 Per Cent Moisture 
] 92 383 434 163 273 247 106 2 7 
2 183 773 902 254 469 462 265 46 47 
3 48 202 307 83 79 133 85 7 7 
4 24 80 187 30 25 40 13 0 0 
5 95 327 592 102 70 205 94 19 20 
6 30 102 173 2 7 13 12 0 0 
7 22 30 44 1: 108 140 14 7 20 
8 7 0 l 0 13 19 5 5 12 
Three Rams at 5.4 Per Cent Moisture 
l 70 277 410 99 177 159 108 6 0 
2 194 850 1000 190 378 396 256 50 46 
3 81 312 450 130 61 133 22 2 6 
4 27 107 193 41 26 51 27 0 0 
5 60 341 620 104 71 182 83 9 20 
6 50 115 247 48 34 74 11 0 0 
7 21 55 78 18 144 231 26 34 40 
8 32 42 50 20 169 193 13 3 11 
Six Rams at 5.4 Per Cent Moisture 
l » 9% $22 525 122 217 208 100 2 9 
2 284 1000 1000 264 463 478 269 24° 33 
3 88 420 507 172 79 «157 28 7 10 
4 27 142 207 47 27 72 18 0 0 
5 102 487 633 112 92 254 96 17 26 
6 62 157 340 62 39 87 22 0 0 
7 27 67 79 24 178 303 15 10 22 
8 27 50 64 20 178 252 17 6 12 








considered as “nominal” values since 
they ‘are referred to the original 
cross-sectional area of the test speci- 
men. The actual cross-sectional area 
of either the rind or the core, pro- 
duced by the exposure of the test 
specimen to shock heating, is less 
than the original cross-sectional 
area of the test specimen. 

This cross-section area of the rind 
and core has been found to vary ac- 
cording to the mixture tested. If the 
“true” area of the 
part of the test specimen, that is, 
either the rind or the ¢ore, which 
supported the externally applied load 
was known, it is entirely probable 
that our present information regard- 
ing the effect of variables would 


cross-sectional 


undergo an alteration. 
Summary of Several Series of 
Tests. Table 4 gives H.C.S. data 


obtained from several series of tests 





upon similar mixtures made from 
the same stock of ingredients under 
similar conditions of testing. Each 
test specimen was given three rams 
and the moisture content of all sand 
batches was 5.4 per cent plus or 


Hicu TEMPERATUR 


minus 0.2 per cen 
knowledge of opti 

niques and the met! 
the test specimens m 
tribute to the spread 

While there is not 
ment of test data bet 
ous series of tests upor 
ture, several unmista} 
evident. Later in thi 
cussion of room ter 
variations indicates w ght 
poor reproducibility 
batches. 

Data found in Tal 
the following genera 

1. Ata T.C.S. (temperatu; 
trol setting) of 1600 the Hs 
of the test specimens increases 
time of specimen exposur 
increases. 

2. Test values for 
tests at a T.C.S. of 2000° | 
a smaller magnitude of variat 
than at a T.CS. of 1600°F. ( 
parison with tests at a T.CS 
2500° F. is perhaps unwise b 
of the very low H.C:S. values 
T.CS. 

3. Ata T.C.S. of 2000° F. firs 
probably develops the greatest H.CS 
after a specimen exposure t 
of 8 min. 

4. At a T.C.S. of 2500°F 
H.C.S. is greatest at the 2-min 
posure and at longer exposures {! 
H.C.S. is generally below || 

5. Western bentonite im 
greater H.C.S. to the test sp: 
than either southern bentonit 
fire clay. The possible exceptior 
the longer specimen exposure tin 
for fire-clay at a T.C.S. of 200) 

6. Silica flour increases the H.CS 

7. A one per cent addition of 
flour does not significantly effect th 


H.C.S. 


I 





Table 9 
Errect Urpon Hor Compressive STRENGTH WHEN RAMMING 
Test Specimen Is Vartep From 3 To 6 RAMs 











T.C.3 1600° F. 2000° F. 2500° I 
Rams — j———- — 4) —— a + ty —-4 
Exposure Time 
in Min. 2 8 '6 2 8 16 2 8 16 2 8 16 2 8 6 
Mixture No. 
1 In. In, In. In. De. De. De. De 
2 In. In. In. In. In. In. 
3 In. In. In. In. In. In. In. In. In 
4 In. In In In. In. In. In 
5 In. In. In In In. In. In. 
6 In. In. In. In. In. In. In. In. In. In. 
7 In. In. In In. In n. In. In. In 
8 In. In. In. In. In. In. In. In. In. In 
4] — 75- ro ~— —h3— 
Per Cent 
{ Showing —— 3 ———— 47 
In. = Increase in H.C.S De. = Decrease in H.C.S. 























}-4-5-6 at 
F. have their low- 


\ I 


x<posure time ol 


ss test data from 
tests at a batch 


of 3.4 per cent 
per cent. This 
Table 5. 
it is evident that 
C t specimens bonded 


ntonite is greate1 
ed with Southern 





int of Bentonite 
ed study was made 
ffect of 2, 4 and 6 
rn bentonite. The 
batches was 5.4 per 
st specimens were 
s and tested in the 
le 6 gives the H.C:S. 


conclusion can be 
data Table 6: 
+ per cent western 
tions will be found to 
H.C.S. for any T.C:S. 
\ 6 per cent western bentonite 
ly doubles the H.C:S. 
d to the 2 and 4 per 


rease in ramming in- 
H.C.S. except for cer- 
nditions at a T.CS. of 
I ry low test values) 


Amount of Fire Clay 

\ limited study was made 
the effect of 4 and 10 
lay in a sand-fire clay 

Table 7 gives the H.C:S. 


in the amount of fire 
10 per cent produced 
in the H.C:S. 


ture content increases 


Increas- 


H.C.S. whereas increasing the 


varently has little effect 
of fire clay addition. 
tion is in line with the 


ements deduced from 
nd 12. 


Latest Series of Tests 
from recently completed 
in Table 8. 
sted in the green condi- 


The spec i- 


re given 3 or 6 rams. 

contents (3.4 and 5.4 
re used. The specimens 
1 to heat for 2, 8 and 16 
ny particular test condi- 

were averaged for the 
specimens, while three 








Errect Upon Hor Com 
CONTENT | Mixtures Is \ 
T.C.S 
Per ( 
Moisture 
Exposure Tur 
in Miu 
Mixture N 
l I Ir In I I 
2 In. I I I I ] 
Ir I I l ] 
4 if Ir 
) I Ir Ir I I I 
¢ In. I In. Ie I 
7 In I 
& I 












tests were averaged for the 6-rammed 
specimens. The number of t 
conducted for this series ar 
H.C.S.—1550, (2) Moisture—13¢ 
Effect of Moisture Var 


rend in the effect of varying th 
moisture upon the H.C.S. can be 
determined from the data of the test 
Varvine 
the moisture content is considered to 


have no effect when, (1) compared 


series shown in Table 8 


} 


values are within 10 per cent and 
2) the psi is 10 or less The effect 
of moisture at any condition of test- 
ing is shown in Table 9. It is com- 
monly accepted that increasing th 
moisture increases the H.C.S. but 
none of the eight mixtures tested has 
a uniform reaction to an increased 
moisture content. Table 9 gives thi 
relative effect between mixtures con- 
taining the three types of clay at two 
degrees of ramming. 

Tables 9 


mixtures 


The information from 
ind 11 indicate that l 
containing fire clay are most respon- 
sive to an increase in H.C:S. as the 
moisture content increases, (2) that 
mixtures containing western bento- 
nite are least responsive to an in- 
crease in H.C.S. as the moisture 


content increases, and s) under 


certain conditions an increase in 
moisture content of western be ito- 
nite mixtures will decrease the H.C.S 

Effect of Varying the Number of 
Rams. The effect of varying th 
ramming upon the H.CS. is de- 
termined from the data of the test 
The effect 


of ramming at any condition tested 


series shown in Table 8. 


is shown in Table 10. 
Table 12 gives the relative effects 
containing the 


between mixtures 


three types of clay. 
The information from Tables 10 





Table 11 
COMPRESSIVE STRENGTH 


Hic 


leEsTS ON SPECIMENS WITH 


[THREE Types or Ciays 


IN MIXxXTURI 


Mixture 

containing 

Western 

Bentonite 4 15 
Mixtures 

containing 


Southerr 








Table 12 
Tests ON Specimens WIT 
THRE} 
UnpeR GIVEN CONDITIONS 


Iypepes or Clays 


Due to Increase from 3 to 6 
Rams, Per Cent Showing 
Increase Decrease No Chang: 
in H.C.S. wn H.CS. in H.C 


Mixture 
containing 
Western 
Bentonite 
Mixtures 
containing 
Southern 
Bentonite 4 
Mixtures 

containing 

Fire Clay 8 64 











Table 13 


PosiITION OF TEST SAND 
MIXTURES ARRANGED RELATIVE 
ro INCREASING HiIcHu 


(COMPRESSIVE STRENGTH 


7 1600° F 2000° PF. 2500° ¥ 

Per Cent 

Moisture 34 54 14 54 1454 
7 <e ee 8 7 
8 4 6 8 4 8 
, 8B 7. a 7 4 

Mix. No 4 6 4 6 6 6 
i) 5 4 ] 5 ] 
» 4 > 2 > 
: @ l } ee 
ae ss . 2 


























198 











| 
/ 
> By 
- t 
‘ 
+ Ul 
MIXTURE NUMBER 
Fig. 11—-Relative position of mixtures determined from hot 


compressive strength moisture content, 3.4 per cent; tem pera- 
ture control setting, 1600° F. 
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: 3 RAMS ‘| 
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a 16 MIN. EXPOS 
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MIXTURE NUMBERS 
Fi 13—Relative position of mixtures determined from hot 


compressive strength; moisture content, 3.4 per cent; tempera- 
ture control setting, 2000° F 























8 4 7 6 3 5 | ‘ 
MIXTURE NUMBERS 


Fig. 15—Relative position of mixtures determined from hot 
compressive strength; moisture content, 3.4 per cent; tempera- 
ture control setting, 2500° F. 


Hicu TEMPERAT! 






























































| L. 
=. 
7 4 GC f - 
VW YT N a 
Fi 12—Relative position of mixture det 
compressive strength; moisture content. 5.4 ¢ 
ture control setting, 1600° } 
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400} 
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3 RAM j 
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---- 6 RAMS H 
Fig. 14——Relative position of mixtures deter? 
compressive strength; moisture content, 5.4 pe 
ture control setting 2000° F 
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Fig. 16—Relative position of mixtures detern 
Hera p 


compressive strength; moisture content, 5.4 per 
ture control setting, 2500° F 
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TIME - TEMP - 
LATION FOR 
TEST SPECI 
















PROBABLE TIME-TEMP 
ERATURE RELATION IN THE 
SAND OF MOLDS 


_B 


AND 





























that (1) muxtures 


tern bentonite are 






to an increase in 





S ramming is increased, 





ntaining fire clay are 





to an increase in 





S ramming is increased. 





he Various Mixtures 
R to Their H.C.S. Fig- 
how the relative posi- 
xtures as judged by 
Table 8. The 


8-min. exposure time 






trom 






rallel to the others and 





much effect upon the 
tions. The results for 
xposure time are the 
order chosen and with 










——— | 1 
MIXTURES 
WEST. BENTONITE 
ORN FLOUR 
4% MOISTURE 
WEST. BENTONITE 
MOISTURE 







% PORT. CEMENT 
¥ MOISTURE 
PORT. CEMENT 
RN FLOUR 


% MOISTURE 











TIME 








16-min 


few exceptions the exposure 
time has no effect upon the relative 
order. 

The position of the mixtures ar- 
ranged relative to increasing H.C.S 
is given in Table 13 

It will be noticed that the fir 
clay mixtures (7 and 8) will be 
found among the first three mixtures 
at any T.C.S. and moisture content, 
and the western bentonite mixtures 

1 and 2 and occasionally 3) will 
be among the last three, with the 
southern bentonite mixtures (4 and 
6) intermediate in the relative ordet 

New Type of H.C.S. Test. The 
present manner of heating the lab- 
oratory test specimen for H.C.S. can 





MIXTURE 

4% FIRE CLAY 
5.4% MOISTURE 
4% FIRE CLAY 
3.4% MOISTURE 
4% FIRE CLAY 
1% CORN FLOUR 
3.4% MOISTURE 
4% 





B00 2 
ved | WEST. BENTONITE 

| | eeeeeee 1% CORN FLOUR 

| 3.4% MOISTURE 
—— 4% SQUTH.BENTONITE 
oc 3.2 % MOISTURE 




















STRENGTH, P.S.I 


COMPRESSIVE 





T.C:S. was eight minutes 








described graphically by Figure 
17-A 


reac hes sone 


It is shown that the specimen 
which 1s 


17-B is suggested 


temperature 
maintained. Figur: 
as being possibly more applicable to 
the time-temperature relationships in 
molds and cores 

One 


which 


laboratory test procedur 
approaches the relationship 
Figure 17-B has 


[he test specimen Is inserted 


shown by been 
tried 
into the 


heated to the desired 


testing furnace previously 
Cs The 
test specimen is subjected to expo- 


sure at this T.C.S. for a pred ter- 


mined length of time, after which 
the r.Cc.S is lowered a_ chosen 
amount. At the time the lower 
T.C.S. is attained the test specimen 


is loaded to determine the H.C.S 
Time has allowed only a few tests 
of this type to be made at Cornell 
The length of exposure at the higher 
The T.C.S 


was then lowered 250°-400°-500° or 
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90 | 1% CORN FLouR | 
5.4% momsTure 
' 
a 
ar | 4% WEST BENTONITE 





O% PORT. CEMENT 
1% CORN FLOUR 
MOIS TURE 








STRENGTH, P.S.1 








COMPRESSIVE 





7.C.$. 2000 160C 
T.C.S. DROP O 250 400 











compressive strength of 
ures after an 8-min. expos- 
F. followed by continued 
il a chosen lower tempera- 
ntrol setting is reached. 





Fig. 19—Hot compressive strength of 
certain mixtures after an 8-min. expos- 
ure at 2500° F. followed by continued 
exposure until a chosen lower tempera- 


ture control setting is reached. 


Fig. 20—Hot trength of 
certain mixtures after an 8-min 
ure at 2000° F. followed by continued 
exposure until a chosen lower tempera 


ture control setting is reached 


compressive 


expo 





























Hicu TEMPERATU! 





MIXTURES 





4 % WEST BENTONITE 
5.4% MOISTURE 





4% WEST. BENTONITE 
——-——- 1% CORN FLOUR 
5.4% MOISTURE 


10% PORT. CEMENT 
crcececcs 1% CORN FLOUR 
6.2 % MOISTURE 





w 
° 
° 


200 


° 
° 





HOT COMPRESSIVE STRENGTH,PS.1 








a eeeee eS eee ee ee eee ~~ 
T.C.$. 1600 1350 1200 1100 700 
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Fig. 21—Hot compressive strength of 
certain mixtures after an 8-min. expos- 
ure at 1600° F. followed by continued 
exposure until a chosen lower tempera- 
ture control setting is reached. 


Variable 
Grain Size. 
tested. 


Time of Temper in 


Sealed Container....No change during 61/2 


Time of Mixing “ 
Bentonite. 
Silica Flour 
Increases in 62 per 

cent of tests as mois- | 
ture is increased | 
Increases in 54 per | 
cent of tests as ram- 

ming is increased | 


Moisture Content 


Ramming 


Ty f Bond 
cate + per cent H.C:S. 


H.C.S.=Hot Compressive Strength; 








Lfect 


Increases as grain size diminishes—50 mesh a: 


hr. after mixing—15-n 


Little or no effect upon fire clay—varied effect 


Increases H.C.S. when added. 


at T.C.S.-1600° F 
at T.C.S.-2000° F f 
at T.C.S.-2500° F. 
at T.C.S.-1600° F. 6 
at T.C.S.-2000° F 
at T.C.S.-2500° F. 


Relative strength of clays (4 per cent additions 
tonite greater, South. Bentonite and Fire C!| 
Corn Flour (1 per cent addition)—slight varial 


Moisture variations most likely to vary H.C.S. of 
tures, West. Bentonite mixtures least likely 

Ramming variations most likely to vary H.C.S. of ¥ 
tonite mixtures—fire clay mixtures least like! 

Variation in West. Bentonite additions—2 and 
equal—6 per cent doubles H.C.S. 

Variation in fire clay additions—10 per cent fir 


— 
a 


:.S.= Temperature Contr 











900° F. ; > testing c iti — x 0 

; F. as the testing conditions re = 9° 2000 F. = W.AND S. BENTONITE 
quired. As soon as the furnace at- 4 ee 4 MIXTURES 
tained the lower T.C.S. the load was 4 S = | 
iad sage hes ; at nS = FIRE CLAY 
applied to the test specimen. One wlA: a MIXTURES 
curve is shown in Fig. 18 for all the > | ; | 
mixtures tested. Cf. S. 2500°F. | * i 

Figure 19 shows the results ob- va ou 1600° 2000° 2500° 
tained with other mixtures tested T.C.S. | 


starting at a T.C.S. of 2500° F. 
Moisture content of the mixture ap- 
pears to decidedly effect the H.C:S. 
Mixture No. 6 of Figure 18 and 5.4 
per cent moisture while the same 
mixture of Fig. 19, had 3.4 per cent 
moisture. Also in Fig. 19, mixture 
No. 7 is compared at 2 moisture 
levels. Mixtures having fire clay ad- 
ditions indicate a lowering of the 
H.C.S. as the T.C.S. drop is in- 
creased. This may be important 
where early casting shakeout is the 
practice. 

Figure 20 shows the results for 
mixtures tested when the beginning 
T.C.S. is 2000° F. It is to be noted 
that the portland cement mixture at 


Specimen exposure time (min.)— 
strength (psi.) relationship. 





T.C.S. (°F.)—strength ( psi 


Fig. 22—General effect of variables upon the hot compressive 
laboratory test specimens. 





test values is much lower than those 
indicated in the preceding figures. 


Some type of test which ap- 
proaches the time-temperature rela- 
tionship shown in Figure 17-B 
might be. valuable used alone or in 
addition to the present type of test. 

General Effect of Each Variable. 
All general statements result from an 
analysis of data obtained when us- 
ing the 1944 model dilatometer. 


of the value of recording suc! 


‘on film it is obvious from ol 


the compression breaks that c1 


of the specimen surfac 
gins at the places where th: 
touched the test specime: 


t 


handling. Ability to reprodu 


values within any particula! 


has been bettered by 7 


the specimen with the fingers 


One method of handling t! 


T 


any testing condition had little or no Figure 22 lists the chosen variables men is as follows. Two curved 








H.C.S. If the green cement mixture and a short general statement of ing plates (supplied by H. W. De: 
would withstand pouring conditions their effects upon the H.C.S. Pos- tert Company) are shortened | hnger 
this mixture would be excellent from sibly some exceptions to these state- 11% in. in length. After the spec On 


a shakeout viewpoint. In certain 
molds a layer of this sand might aid 
the shakeout if placed close enough 
to the casting to become heated to 
a high temperature. 

Figure 21 shows the results for 
mixtures tested at an original T.C.S. 
of 1600° F. Except for the portland 
cement. mixture the magnitude of 


ments will become evident later. 


New Movie. A motion picture 


film has been prepared which shows 
the reaction of test specimens from 
the eight mixtures of Table 3 upon 
exposure to shock heating. The com- 
pression breaks are also recorded. 
As yet a complete study of the film 
has not been made. As an indication 


men has been stripped fro! 
it is lightly gripped wit! 
plates and turned to 

position resting upon one 


plates. A 1% in.X1 in. rel 


disc is placed against or 
test specimen and the 
disc then set upon th: 
vertical position. Th 














pon the specimen 





is tested as usual. 






nclusion 





were chosen to be 





individual 





r their 
H.C.S. The con- 
99 


marized in Fig. 22 






variables and their 






obtained also per- 





r general statements: 





\ 5 temperature con- 


1600° F. the H.C:S. 


ecimens increases as 







ecimen exposure to 







for all series of 
CS. of 2000° F. 






indi- 





magnitude of varia- 
onducted at a T.CS. 
Comparison with test 
’.C.S. of 2500° F. 







is per- 






cause of the very low 
‘S at this pee! 4 
\t r.C.S. of 2000° F., fire 


deve lops the greatest 








Ss pecimen exposure to 







\t r.C.S. of 2500° F. the 
at the 
it longer exposures the 





2-min. ex- 





S reatest 






S nerally 10 psi. or lower. 





For per cent additions west- 
imparts greater H.CS. 


either 





specimen that 





tonite or fire clay. 
6. § flour increases the H.C:S. 
addition of 
does not significantly ef- 
H.CS . 
Ata T.C.S. of 2000° F. certain 
~4-5-6 









\ per cent 








indicate a mini- 





H.C.S. at an exposure time 






Better 1 produc ibility of test val- 






ve resulted by eliminating the 





ng of the test specimen with 





ngers. A motion picture study 
pecmen at a T.CS. of 
indicated cracking began 

place where there were 










kind of testing procedure 
l-temperature studies is 
it may more closely ap- 








proach the temperature-time rela- 
tionship in the sand mixture after 
mold cavity is filled 


DISCUSSION 


Chairman: H. } Massachu 
setts Institute of Technology, Cambridge, 
Mass 

Co-Chairman: J. A. RASSENFOSS 
American Steel Foundries, Indiana Har- 
bor, Ind 

H. Meyer 


upper and lower part of your specimen 


TAYLOR 


Does the line between the 


occur if you double-end ram or single 
end ram the specimen? 


Mr. WILLIAMS: We 


rammed the specimen 


double t nd 
Theory indicates 
that the line will occur with single-end 
ramming I have not tried single-end 
ramming as yet until a safety control is 
installed on the research furnace Then 
work will proceed on 2x2-in. specimens 
We probably will get the same type of 
failures within the test specimen 

The south 


showe d 


Co-CHAIRMAN RASSENFOSS 
ern Bentonite specimens you 
cracked 
curred after cooling, did it not? 


Mr. WILLIAMS: Yes 


Co-CHAIRMAN RASSENFOSS: Were the 


appeared to be Cracking o« 


specimens in one piece in the furnace 

Mr. Wituiams: No 

Co-CHAIRMAN RAssENnFoss: Did they 
break apart in the furnace? 

Mr. WiritiAMs: When we took the 
specimens out of the furnace, it was 
immediately evident that they were in at 
least two parts 


But they 


stayed in one piece in the furnace 


Co-CHAIRMAN RASSENFOSS: 


Mr. Witiiams: They were side by 
side and cracked while in the furnace. 
It was possible to see them crack through 
the furnace observation port. When re- 
moving them from the furnace on the 
disc you carried together both parts or 
whatever number of parts there were 
and set them out together on a block to 
cool. Then you could pull them apart 
and see the different shapes. They crack 
in the furnace under shock heating. 

Co-CHAIRMAN RassENFoss: What was 
that heating temperature? 

Mr. Wituiams: The temperature of 
those specimens was 1600° F. 

Co-CHAIRMAN Rassenross: Does this 
cracking persist as furnace temperature 
is increased? Have you carried out such 
experiments ? 

Mr. Wiruiams: Yes. We have. con- 
ducted most of the tests at 2700° F. The 
specimen was heated for 20 min. The 
glassy form of the clay is formed under 
those conditions. When you bring out 
the specimen and set it at room tempera- 
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ture there is a possibility of retaining the 
test specimen If you just held the speci 
men (using western or southern Benton 
ite) at 2000° F., and set it out in the 
room, in 15 or 20 min. it will disinte- 
grate. So it was necessary to get up to 
a temperature at which the specimens 
could be kept together for later examina 
tion 

CHAIRMAN Tayior: I should think it 
would be rather dangerous to assume that 
during the 


bad cracks were present 


actual testing just because they were 


there at room temperature because of 
the plastic condition of the sand at high 
temperatures As the specimen cools 
down, cracks would tend to form more 
than they would when hot and would 
indicate an exaggerated effect 


Mr. WititaMs: In the high tempera 
taken at 2500° F., 


those cracks were evident 


ture film we have 
You can see 
It will 


be only when we can actually make the 


them only in the rind, however 


study at the high temperature that I 
think we can show that those cracks are 
present at the beginning of the time the 
test specimen is loaded. It seems to me 
that the cracks are in the specimen be 
fore the load is applied to the specimen 

MEMBER If the 


those temperatures, would the permeabil 


crack occurred at 


ity and strength be adversely affected or 
Would per- 
meability and strength really mean any- 


affected to a great extent? 


> 


thing 

Mr. Wituiams: If a metal test speci- 
men had already failed before you tested 
it, you probably would not test it 

MemBer: Does it have a crack in it 
before testing? 

Mr. WILLIAMS It has 
already failed by the time you applied 
the load to it I have calculated the 
hot compression strength on the basis of 


That is right 


the effective area Instead of having 
hot strength of 200 or 300 Ib., we are 
getting up to 6,000 and 8,000 lb. hot 
affected area is 
That is just a calcula- 


strength because the 
greatly reduced 
tion 

I have found by using the calculations 
and the nominal values which we get in 
the furnace that there is a ratio between 
the hot strength at three rams and six 
rams. You can figure that if you get 
a certain hot strength at three rams, at 
six rams it will be 25 per cent higher 
I obtained that figure from recalculating 
the results of about 500 test specimens 
I did the same thing with the green 
strength on these same mixtures and 
found that, on the average, if you in- 
crease the ramming from three to six 
rams, you will get a 25 per cent increase 


in green strength. However, whether 


there is any relation between the two is 
yet to be determined 
‘General Steel Castings Co 


Granite City, Il 























A.F.A. COMMITTEE REPORT ON 


MANGANESE BRONZE 





This paper discusses hard spots experiences 

in machining manganese bronzes covered by 
Federal Specification QQ-B-726c, Grades A. B 
and C. It also discusses maximum limits of 4, 
and lead in relation to attainment of yield 
strength and elongation in Grade B alloy. 





G. K. Dreher 
Olds Alloys Co. 
Southgate, Calif. 


TuHIs REPORT is the result of 
experience of industrial representa- 
tives who supplied information and 
data herein contained on manganese 
bronze. It is the result of practical 
shop research as well as laboratory 
tests. It is generally a consensus of 
opinion and is of value because it 
represents war time experience. 

The report discusses identification 
and possible correction of hard spots 
appearing in high strength manga- 
nese bronze castings made according 
to Federal Specification QQ-B-726c, 
Grades A, B, and C. Table | and 2 
show the chemical and physical re- 
quirements of this specification. This 
report also discusses whether the 
maximum limits of tin and lead as 
now expressed in the specification 
are too liberal in relation to attain- 
ment of the yield strength and elon- 
gation requirements in Grade B 
alloy. 

In gathering and summarizing 
these data on manganese bronzes the 
Committee found that wide varia 
tions in practice existed in the 
foundry industry. Within the ex- 
tremes of composition used, there 
must be one set of optimum prop- 
erties and corresponding chemical 
requirements which would serve as a 


Presented at a Brass and Bronze Ses- 
sion of the American Foundrymen’s As- 
sociation at the Fiftieth Annual Meeting, 
May 10, 1946, at Cleveland. It is a 
report submitted by the Non-ferrous Rep- 
resentative of the Ordnance Research 
Committee of A.F.A. 


basis for a more closely controlled 
and, consequently, better engineer- 
ing alloy than exist under present 
broad range of compositions. 

The metallurgical experience of 
the Committee would indicate that 
in most alloys an extremely wide 
range will result in performance 
which will vary according to the 
composition of the material. 

During war-time production sev- 
eral questions arose in connection 
with Manganese Bronze. These ques- 
tions (seven in number) were pre- 
sented to a group of outstanding 
non-ferrous metallurgists in the coun- 
try for consideration. Results and 
answers to these questions are pre- 
sented in question and answer form. 


Hard Spots Experienced 

Several manufacturing plants ex- 
perienced hard spots in manganese 
bronze alloys which made machin- 
ing of some castings difficult. One 
question presented is as follows: 

I. Is the presence of these hard 
spots due to improperly alloyed ma- 
terial, the formation of metallic 
compounds or oxides during the 
melting and casting, or to any other 
cause? 

The cause of hard spots, accord- 
ing to the survey, is as follows: 

1. Previously contaminated raw 
materials in the charge are a con- 
tributing factor. This can be in 
the form of scrap or in the choice 
of rusty iron and/or aluminum 
oxidized through manufacturing 
operations or exposure to the ele- 
ments. 

2. Poor melting practice, per- 
mitting formation of excessive 
oxides and overheating of the 


metal with subsequent imp, 
feeding and secondary shrinkao 
may also be a cause. This includ 


unclean crucibles and furnacs 
3. Turbulence du 

gating procedure permitti 

formation of oxide, and 
4. Lack of care in the origi 

alloying of the ingot melt 

also be causes. 


Remedy for Hard Spots 
II. What remedy can be offered 
for the solution of these hard spots 
From the survey made it is evident 
that certain definite steps can 
taken to.eliminate these hard s 
1. High quality back scra 
virgin materials must be sel 
for the basic metals. This w 
involve a selection of high quali 
iron in the purest possible s 
Care should be taken to avoid us 
of alloy irons for this purpos 
The Committee recommends t! 
low carbon soft irons be used 
Aluminum, likewise, should b 
of highest purity and _preferal 
not an alloy. The committee ! 
ommends that trimmings 
clippings contaminated during 
manfacturing operations be avoic- 
ed where possible and that straight 
high purity aluminum be used 
2. In preparation of the allo 
care should be exercised to av 
moisture-containing back cra 


that might have a tendency t 1 
sist in creation of added oxides ad 
the resulting alloy. ron 

3. A review of the chemical re- B 
quirements reveals that sev ral fele 
consistent results ar sible be- a 
cause of the range Juminut 


and iron permitted. Pre-all 








enced 
A, B 
of tin 
yield 





on with the alumi 
copper, is definitely 


.lternatives would be 
he bath of metal to 
ete solution and/or 
iron and aluminum, 
the bath to remain 
period long enough 
nplete solution. 
a pre-alloy would 
ese two undesirable 
tasmuch as iron and 
nite to form FeAl, the 
should be so adjusted 
bsorption of all of the 
manner. This com- 
mally 
{1 per cent iron and 


consists of ap- 


t aluminum. In all 
tio should therefore be 
ly 3 parts aluminum 
iron, with the alumi- 


ess of this ratio at all 


specifications permit 

remain outside of the 

\ osition in such a man- 

must be absorbed into 

r. Unless this absorption 

ly assured, free iron will 

t in the final alloy. By 

copper-aluminum-iron 

1 ready method of intro- 

ing these elements into a cop- 
bath is achieved. 

ibove procedure is fol- 

uring temperatures can 

held to a minimum and the 

ll be retained in its best 

through the smelting and 

processes, and subse- 

during the remelt for cast- 

Casting Practice. All cast- 

ngs made in manganese bronze, 

rticularly in Class B and C, 

must be gated so as to 

turbulence during the pour- 

g rations and so risered as to 

entire casting soundly to 

revent honeycombing or shrink 

ckets which provide opportuni- 

oxidation and subsequent 

in machining. 


Effect of Tin and Lead 

lll. What effect does the tin and 
nt have upon the physical 
of these alloys? 

Both and lead appear to have 
effects upon manganese 
general. 

and 


lead in small 





amounts apparently have no ef- 
fect in the Class A alloy 
mary of 114 heats totaling ap- 


A sum 


proximately 2,500,000 Ib. of alloy 
indicated that no rejections were 
caused by tin contents ranging 
from 0 to 0.9 per cent and lead 
from UO to 0.3 per cent 

2. Tin definitely affects elonga- 
tion values of Class B and C man- 
ganese bronze. By so reducing the 
elongation, it is reasonable to ex- 
pect that 
strength will occur. This is not 


increases in_ tensile 
always true, however, in that any 
embrittling of an alloy would tend 
to create conditions by which the 
ultimate tensile properties could 
be caused to fall off through the 
inability of the alloy to readjust 
itself under strain, as is the case 
when a desirable elongation is 
present. A practical summation of 
this effect is set forth in Table 3 
of Class C alloy heats. 

Table 3 shows that the copper, 
aluminum and tin vary. Iron and 
manganese were kept constant at 
2.60 and 3.75 per cent, respec- 
tively. The 
were contacted unanimously rec- 


metallurgists who 


ommended that tin be deleted en- 
tirely from the specification or 
that limitations be placed at 0.02 
per cent maximum. 

3. Lead. The presence of lead 
physical 


generally reduces the 


properties and should be main- 
tained to 0.02 per cent maximum 


with 0.01 per cent or less desired. 


Tin and Lead Changes 


IV. What changes would you rec- 


ommend in the tin and lead content 


in 


the specification ? 

1. Opinion states that tin 
should be specified 0.02 per cent 
max. for Class B and C alloys. 

2. Opinion states that lead 
should be specified at 0.02 per 
cent maximum for Class B and C 
alloys. 

V. Have you identified any other 


minor elements which are deleterious 








Table 2 

PuysicAL REQUIREMENTS, FED 

ERAL SPECIFICATION QQ-B-726c 
Phy Properti 

Ten ue Y: 


Strength Sirength 


Cla ps min f min in on 


d EI ngalion 
° Per cent 


\ 65.000 25.000 20 
B 90,000 
( 110.000 


D 60,000 


$5,000 20 
60,000 i 


20,000 2U 


*Vield Strength at 2 per cent set 








to the quality of this particular al 
loy and, if so, in what quantities are 
they harmful? 
1. Very little work has been 
done on this subject although ref- 
erence has been made to the 
harmful affects of silicon which 
should consequently be kept well 
under 0.05 per cent. 

2. The 
seems to be to eliminate all im- 


general impression 
purities when dealing with sensi 
tive alloys of this type. These im- 
purities would include such ele- 
ments as antimony, phosphorus, 
chrome, cobalt, bismuth, and 
other metals which might be or- 
dinarily found in a non-ferrous 
foundry. 

3. Specific reference to the 
harmful effects of phosphorus and 
calcium on Class B and C alloys 
were mentioned in replies to the 


questionnaire. 


Elongation and Yield 
VI. What is your experience with 
elongation and yield strength re- 
quirements of composition B of this 
specification? 
1. Opinion indicates that the 
20 per cent minimum elongation is 
inconsistent with the nature of this 
alloy and should be reduced to 
approximately 18 per cent. 
VII What 


would you make in regard to the 


recommendations 


specification of these alloys from 
both the 
standpoint? 


chemical and physical 





Table 1 
CHEMICAL REQUIREMENTS, FEDERAL SPECIFICATION QOQ-B-726c 


_ - Elements, in Per cent _ 


Class Cu Zn Al 

A 55-60 Rem 0.50-1.5 
B and C.. 60-68 Rem. 3.0-7.5 
D 56-62 Rem. 1.50* 


*Maximum 


Sn Ni 
Mn Fe Max.) Pb Max.) 
1.50* 0.40-2.0 1.00 0.40* 0.50 
2.5-5.0 2.0-4.0 0.50 0.20 
1.50* 2.00* 1.50 


























Man 
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Table 3 
Mechanical Properties 
Tensile Yield 
Strength, Stre ngth, Elongation, 
pu 0.5 per cent per cent 
116,000 71,000 16.4 
40,600 * 0.2 
46,000 * 0.2 
95,000 49,500 14.3 
95,300 56,400 6.0 
100,100 50,600 16.3 
99, 800 55,500 8.9 
95,000 * 2.0 
106,500 66,800 14.0 
95,800 69,000 3.5 





PROPERTIES OF CLAsSs C ALLoy HEatTs 


*Yield not determined for fear of breaking extensometer due to brittleness of the alloy 


—Elements, per cent——— 


Copper Aluminum Tin 
61.50 5.50 0.00 
61.50 5.50 0.50 
61.50 5.50 0.90 
68.00 5.40 0.00 
68.23 5.40 0.56 
68.00 5.40 0.00 
68.40 5.40 0.56 
64.20 5.50 0.55 
64.02 4.66 0.00 
64.00 4.60 0.61 








Table  ——— 
RECOMMENDED 
PHYSICAL Prop; 
FEDERAL Spec) 
QOQ-B-72 
Tensile } 
Strength, Stre 
Class psi. (min.) psi 
A 65,000 25. 
B 90,000 $5. 
C 110,000 60. 
D 60,000 20, 
*Vield Strength at 0.2 pe 
es, 














1. We would propose that the 
chemical requirements of Class B 
and C alloys be altered to corre- 
spond to these shown in Table 4. 
The values in Table 4 define the 
composition more accurately and 
enable a more ready meeting of 
the physical requirements. This 
premise has been checked by com- 
mercial producers and verified as 
a practical set of standards to fol- 
low for this purpose. 

2. Physical properties would be 
altered to correspond to those 
shown in Table 5. 

Conclusions 

I. Raw materials for Class B and 
C alloys should be specified as fol- 
lows: 

1. Virgin metal, if possible. 

2. Clean scrap of known analysis 
as follows: 

a. Low carbon rust and dirt-free 
iron preferably of the highest purity. 
(Avoid alloy iron. ) 

b. Aluminum clippings cleaned 
and dry. (Avoid alloy aluminum 
particularly those containing sili- 
con. ) 

c. Copper scrap cleaned and dry. 

d. Back scrap of known murity 
cleaned and dry. 

II. Procedure for manufacturing 





Table 4 


Proposep MopiFIED CHEMICAL 
ANALYSIS OF CLAss B 
AND C ALLoys 


——Content, per cent 





Element Class B Class C 
Copper. . 56-66 60-68 
NE hacia Bal. Bal. 
Aluminum.. 2.0-5.0 4.5-7.5 
Manganese 2.5-4.0 3.5-5.0 
Iron..... a tas 2.0-4.0 
Tin... ... 0.02 Max. 0.02 Max. 


Lead............. 0.02 Max. 0.02 Max. 





these alloys should be specified as 
follows: 

|. Proper pre-alloy containing the 
total amount of aluminum, iron, 
manganese or alloys plus other 
minor constituents with some copper 
should be the first step. 

2. The above is to be added to the 
charge in the alloying melt. 

3. Overheating the metal should 
be avoided in both the alloying and 
casting stages. A maximum temper- 
ature of 2400° F. is recommended. 

III. Specify a ratio of aluminum 
to iron be maintained at 3 minimum 
to 2 maximum with the excess in 
favor of aluminum. 

IV. Specify for Class B and C 
alloys that tin, lead, silicon, phos- 
phorus, calcium, chrome, cobalt, an- 
timony and other components be 
held to an absolute minimum in all 
classes of manganese bronze. 

V. Alter the present chemical re- 
quirements of Federal Spec. QQ-B- 
726c to correspond to those shown 
in Table 6. 

VI. Alter the physical require- 
ments to correspond to those shown 
in Table 5. 


VII. Recommend that castings 


be produced from previ 
ingot metal to insure u 


Reporting Personne! 

The metallurgists who | 
ferred in studying and solvir 
questions were as follows 

E. Crown, Master Mec] 
Naval Gun Factory Foundry. U. § 
Navy Yard, Washington, D. ( 

~.. = George, Metallurgist 
Lavin & Sons, Inc., Chicago 

Jack Klement, Chief Metallurgis 
Ampco Metal, Inc., Milwauk 
Wis. 

B. A. Miller, Chief Meta 
The Baldwin Locomotive W 
Cramp Brass & Iron Foundries D) 
sion, Philadelphia. 

Wm. Romanoff, Vice-Presid M 
and Technical Superintendent, H 
Kramer & Co., Chicago. 

Roger Keeley, Ajax C 
George Bradshaw, Philade! 

Navy Yard, concurred with B. A 
Miller in the information set fort 
by him. 

Not all of the statements 
tained herein represent the una 
mous opinion of the participant W 
On most points there is gene! 
agreement with specific exceptior 
which are not identified in the bo« 
of the report. 





Table 6 | 


RECOMMENDED MopiFriep CHEMICAL REGUIREMENTS OF FEDERA! 


SPECIFICATION QQ-B-726c 





Content, per cent 





Element Class A 
Se 55-60 
BAB soocsvess Balance 
Aluminum i 0.50-1.5 
Manganese. vo 1.50 
| ees 0.60-2.0 
‘2 9, 3} 1.00 
Lead........ ' 0.40 


Nickel (max. ) 0.50 


*Not desired. 





Class B ( 

56-66 60-68 Mi 
Balance 
2.0-5.0 i 
2.5-4.0 } Mr 
1.25-3.5 . Mr 

0.02 n all 

0.02 

0.3* 
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DISCUSSION 

P. HALLiweLti, H. 

cago 
\. H. Hesse, R. Lavin 

igo 
We have done consider- 
oys of this type in our 
ng the last few years. 
iin a higher manganese 
ganese bronze. We have 
is probably the most 
of all. In alloys that 
the amount of | per cent, 
that silicon reduces ten- 
much as 5,000 psi. if 
ints as low as 0.1 per 
work in that direction 
ried on with manganese 


) er: You say that is in the 
That is a very interest- 

ormation 
Me. | We traced this effect 
tually isolated iron-silicon- 
ympound, and determined 
sitions. These compounds 
ird and could lead to diff- 

ning 

Da.Bey’: In regard to silicon 
bronze, a heat of manganese 
ccidentally contaminated 
to the extent of 0.1 of 1 per 
noticed that when standing 
d on top of molten metal 
perature dropped slightly. 
the metal temperature to 
where near the pouring tem- 
ollected some of the sludge 
> per cent silicon and about 
ron in the sludge. In the 
inese bronze, the silicon was 
the iron had dropped off 
6 per cent. In other words, 
concentration of iron and 
sludge. This sludge was 
assive segregations of blue 
ery often seen in manganese 
ning considerable manga- 
The entrained manganese 
normal alpha-beta structure. 


M HER: I assume the silicon 
the iron from the alloy and 
rate lump. 

Mr. Darsey: Yes, apparently it did. 

Mr. I e: We ran segregation tests 


taining iron and silicon and 
we got a segregation of this 
Q n-silicon compound at the 
lt when we had appreciable 


t 








Mr 
possibly the iron-silicon compound would 
be a difficult, brittle, metal to handk 

Mr. Boyie: Yes, it is 

Memser: I missed the question about 
these hard spots, the difficulty of machin 
ing, and what causes them 

Mr. Drener: There is no direct 
answer except that free iron might have 


DreHER: Would you assume that 


been present, 

MemBeER: Were they real or imaginary ? 
Was it established that there were hard 
spots f 

Mr. Drener: It has definitely been 
established that there was difficulty in 
machining 

G. M. Turasuer’®: I have seen such 
specimens taken from small bushings with 
hard spots that were cast from this 100,- 
000-psi tensile grade of manganese 
bronze. The spot always seemed to occu 
at the same place, near the gate. I could 
not understand why we had so many 
always at that one spot. Why did they 
not circulate to some other spot in the 
casting? 

Mr. Drener: Has anyone made any 
investigation of the chemical composi- 
tion of the casting versus the gate or 
riser? 

Mr. Darsey: I wonder if the hard 
spots could not be accounted for by the 
sludge that forms on slightly cooling with 
a segregation of the iron and silicon at 
these points? I noticed the sludge did not 
move very well. It would get into some 
corner and stay there, and the manganese 
bronze would run on through and around 
it 

G. P. Harturweww*: I would like to 
corroborate the effect of silicon. Dr. H 
W. Gillett gave a paper entitled “Rok 
of Silicon in Non-Ferrous Castings” which 
appears in TRANSACTIONS, American 
Foundrymen’s Association, vol. 46, p. 413 

1938). In a discussion of that paper, I 
presented several photomicrographs of 
manganese bronze of practically the same 
composition to which varying amounts of 
silicon had been added 

The high zinc equivalence of silicon is 
seen in the change from a 50 per cent 
alpha-beta structure in an alloy of no 
silicon to a completely beta structure in 
a similar alloy containing 0.6 per cent 
silicon. Whether or not the needle-like 
formation seen in these alloys is free 
silicon or iron-silicide, I do not know 
Certainly they do not have the crystalline 
habit or color of the usual iron-rich con- 
stituent seen in manganese bronzes. 

The hard spots found in manganese 
bronze may be two things; i.c., (1) an 
iron-silicon slag resulting from combina- 
tion of silica in the crucible with iron 
oxidized from the alloy; (2) iron par- 
tially alloyed with the base metal, and 
generally results from an initial imper- 
fect alloying of the iron. 

Mr. Da.Bey: At one time we received 
several carloads of ingot and noticed with 
some we had trouble with meeting specifi- 
cations and with others we did not. We 
took cross sections of different ingots and 
roughly ground them down and then 
etched them in ammonium chloride solu- 
tion. In some of these ingots, rust clusters 
would show on the surface of the sections 
and iron segregations were found in these 
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locations in the ingots. In other ingots 
the surface of the sections would stay 
perfectly clear. This is one way to spot 
this unalloyed segregated iron rather 
easily 

Mr. Hatiwe.i Are they both mag 
netic 

Mr. Darpey: Yes 

Mr. Boye: I might say in the iden- 
tification of these compounds, that we 
separated them by dissolving the alloy in 
concentrated nitric acid and obtained a 
residue which we found to be high in 
manganese, iron, and silicon 

Mr. Haturwewc: Does that distinguish 
between the usual blue color of the 
normal iron constituent present in man- 
ganese bronze? We do not know what 
that composition is. Does it distinguish 
between that and the material you are 
thinking about? 

Mr. Boye: I do not know the answer 
to that 

Mr. Harurweitt: The yield strength 
at 0.2 per cent permanent set is more 
difficult to obtain because it is necessary 
to apply and release the load several 
times before the corresponding stress is 
obtained. There is always the danger of 
over-shooting the required stress 

If the yield is obtained by the 0.2 per 
cent offset, then a stress-strain Curve must 
be obtained or plotted. On low strength 
alloys the 0.5 per cent yield under load 
gives approximately a 0.2 per cent per- 
manent set, which will vary with com- 
position and resulting tensile properties 
he 0.5 per cent yield under load, how- 
ever, is a definite property, simple to 
obtain, requires no stress-strain curve, 
and eliminates most of the personal 
quation. 

On some high strength manganese 
bronzes the 0.2 per cent yield by offset is 
higher than the yield at 0.5 per cent ex- 
tension under load. 

Mr. Drener: There is a difference 
also in the yield strength that you achieve 
by the two methods. 

Mr. Haturwev_: Very much so 

Mr. Drener: And I imagine it is 
higher by the method expressed here 

Member: I believe that is an extension 
under load, 0.2 per cent plus the arbitrary 
extension. I think on the C Grade, from 
memory it is something like 0.0063 in- 
stead of 0.005. 

Mr. HAcLiwe.e: 
under load? 

Mr. Drener: They have calculated 
from their experience that with an ex- 
tension of 0.0062 in., upon releasing the 
load the test bar will take a 0.2 per 
cent set. 

Mr. Hariurwett: What alloys were 
you referring to? 

Mr. Drener: That is the 110-C 
Classification. 

Mr. Drener: May I quote from the 
reference I have? This is by William 
Romanoff of Kramer & Co. “It is proved 
by tests here that you would have con- 
siderable difficulty meeting the yield 
strength on the Grade B if the offset 


Is that 0.2 per cent 


'The New Jersey Zinc Co., Palmerton, Pa 

*U). S. Navy, Mare Island Navy Yard, Vallejo, 
‘alif 

‘R. Lavin & Sons, Inc., Elmira, N. Y 

*H. Kramer & Co., Chicago 
“Bureau of Ships, Washington, D. C 


~ 

















506 


method were used. The extension under 
load method which paragraph 3 permits 
gives about 5,000 Ib. higher yield 
strength. On the Grade C, the 0.2 per 
cent offset conversely gives about 3,000 
lb. higher yield strength. In other words, 
the definition for yield strength should 
be as suggested above.’ That is the rea- 
son given there. I think that is another 
point that should be worked on. 

Mr. Hatiiweww: It should be stand- 
ardized. 

Lr. Compr. B. O. Brouk*: I was par- 
ticularly interested in the discussion on 
variation of specifications. During the 
war, we were particularly concerned 
about variance in the spread of both the 
Federal specifications and Navy specifica- 
tions. One of the broadest specifications, 
I think, is 49-B-3, our regular manganese 
bronze with 65,000 psi. tensile. We did 
quite a bit of work on salt water corro- 


sion on this composition and we came to 
the conclusion that we can reach two 
definite phases in the alloy. 

By that I mean, we can get the alpha- 
beta microstructure and we can get a 
straight beta. We found that the beta is 


definitely detrimental as far as any salt 
water stress corrosion or fatigue is con- 
cerned and under light load we have had 
definitely a few failures. We did a lot of 
research work at the Portsmouth Navy 
Yard on failures in some of our applica- 
tions and we traced them down to a 
theory that has not been given much 
consideration before, and that is with re- 
gard to the aluminum-zinc ratio. In other 
words, we feel that the power of inocula- 
tion with aluminum is about six to one, 
with zinc remaining constant. 

We have found that you could get it 
with approximately 39 per cent zinc, cop- 
per at 58 per cent, aluminum content 
held at 0.8 per cent, manganese held 
definitely at 1 per cent, and iron not 
over 1.2 per cent. We could get between 
42 to 45.5 per cent of zinc plus aluminum 
with this composition. We could get a 
definite alpha-beta microstructure with 
this analysis. With the alpha-beta micro- 
structure we get a particular type of grain 
formation whereby we do not get the 
stress corrosion failure that we do on the 
beta microstructure, The physical prop- 
erties on the beta microstructure are defi- 


Man 


nitely higher than 
microstructure. 

That would be of j 
the ingot manufacture 
duce an ingot of the b: 
and meet the physical 
46-B-25 ingot-bronze 
easily. But in our ap; 
applied it to our physi ; 
gardless of the fact the 1 th 
fications, they will not ¢ :; 
corrosition resistance t! ae 
quires. The work to b , 
possible modification of 
The Navy is working on t! 
we have definitely come t 
that we want alpha-beta 

Mr. DREHER (author 
author believes that this report, and 
especially the discussion grow} 
it, has opened the way toward in; 





able necessary investigations wh 
be accomplished in industrial, 
sional or collegiate laboratories, 1] 
unknown factors in the control of My 


ganese Bronze are far too many 
series of alloys which have found 
widespread use. 
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ECONOMICS OF CUPOLA 
OPERATIONAL CONTROL 


The author stresses the importance of cupola 
operational control. 





A scientific method of 


analysis of heat developed and heat distribution 
in the cupola is discussed. Much useful data is 


presented in table and chart form for reference. 





ER or operator of a 
know to what extent 
the full value of the 
n for the cupola oper- 
ontain not only the 
nts and conversion re- 
essary for the calcula- 
ms dealing with the 
nd absorption of heat, 
ed tables of thermal 
a wide range of coke 
ir volumes indicating 
nd volume of the. air 
ymbustion. 
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the resultant gases for 
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Btu. developed for each 
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the rate of combustion, 
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further contain Btu. ab- 
the iron; Btu. used in tke 
nd superheating of slag; 
converting CO. to CO; 
ning in effluent gases; and 
ficiency of absorption by 
efhciency of combustion, 
rall thermal efficiency. 


a Operation Tables 


mpilation would contain 
heats of the various gases 
tion from zero to 4000° 
ific heats of carbon, slag, 
through the entire range 
000° F., the heat con- 
heated blast from 100 to 
ufficient for the combus- 
lb. of coke at various 
ombustion. 


bles, to be of value, must 
iplete that any desired 
n be taken directly from 
ut calculation. It is the 





author’s purpose.to__present a pre 
liminary group of tables of this char- 
acter, to be used until soémething 
better is furnished 

Figure 1 and 10 are presented to 
show the tendencies of variation in 
coke ratios and air volumes as they 
relate to temperature of the iron 
melted, rate of melting, stage of 
combustion, etc. These charts have 
not been verified in all their ex- 
tremities, hence they are only in- 
tended to indicate tendencies rather 
than exact quantities 


Heat Balances 

Table 1 is a summary of heat bal 
ances for the entire range of cold 
blast cupola practice; a companion 
table for pre-heated blast is in prep- 
aration. 

Most publications on cupola prac- 
tice are subject to the criticism that 
they are too general in their applica- 
tion to solve definite problems. It is 
therefore the intention in this dis- 
cussion to be very definite even at 
the expense, in certain cases, of be- 
ing only approximately correct. 

The principles of regeneration in- 
dicate the possibility of the reduc- 
tion of coke consumption by 30 per 
cent as compared with ordinary cold 
blast practice, or the possibility of 
increasing the iron charge by 50 per 
cent without increasing the coke 
charge. 

The objective is always to pro- 
duce iron of the highest quality, at 
the least expense. There is no 
thermal reason why 16 lb. of iron 
should not be melted, at 2700° F., 
for each pound of coke used. 

The heat-developed in the Com- 
bustion Zone must be considered 
from two standpoints: 


First, the high temperature por- 





tion suitable for melting iron; and 


remaining portion 


below 2 yi) 


Second, the 
having a temperature 
F. that can be used only for pre 
heating purposes 

In order to obtain higher efficien- 
cies it is necessary to recover the ex 
cess low temperature heat after it 
has served its purpose for preheating 
and carry it to the high t mperature 
side of the equation, and thus bal- 
ance the heat required for both pur 
poses 

Che reputation of the cupola for 
economy comes about by compari 
son with other types of melting hav- 
ing lower efficiencies. Among them 


are the following: 


Efficiency 


Melting Method Per Cent 
Crucibles sto 6 
Air Furnace 10 to 15 
Regenerative Open Hearth 20 to 30 


Cupolas 40 to 50 


It is only relatively, however, that 
the cupola can be said to be econom 
ical, Every operator witnesses daily 
90 per cent of the potential heat of 
the coke burst into flame and rush 
upward through the stack, to be lost 
in the atmosphere, having served no 
useful purpose. The operator is not 
asked to make an accounting of what 
portion of the potential heat he used 
and what he did not use 

This condition does not indicate 
a high appreciation of our responsi- 
bility toward the conservation of Na- 
ture’s fuel resources. 

It is the purpose of this discussion 
to point out the character and origin 
of this waste, with suggestions for 
improving the thermal balance sheet 


consistent with smooth operating 
conditions. 
The present varying operating 
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conditions are best shown by review- 
ing the results of 5000 « upolas oper- 
ating daily in the United States and 
Canada, melting more than 20,000,- 
000 tons of iron annually. 


Variations in Details of Operation 


There are wide variations in de- 
tails of operation of individual cupo- 
las, even though they may be turn- 
ing out identical products. The most 
important of these variations for 
which, in the main, there is no ap- 
parent reason, and which are reflect- 
ed in the wide differences in the cost 


of melting, are: 


Pounds of iron melted 
per lb. of coke 7 to 15 Ib 
Coke for melting one 


ton of iron 150 to 300 Ib 


Rate of burning coke 


per sq. ft of cupola 


area per hr 120to 1801b 


Rate of melting per sq. 


ft. of area per hr 800 to 1800 Ib. 


Temperature of iron as 
tapped 2550 to 2850°F. 
E ffic iency of combus- 


tion 50 to 70 per cent 


Efficiency of heat ab- 


sorption 55 to 70 per cent 


Overall efficiency 30 to 45 per cent 


While the above items which re- 
late to combustion are the most im- 
portant from the standpoint of cost, 
yet there are many other items, 
though less important, which vary 
over a wide range and in the aggre- 
gate constitute a considerable item 


of expense. Among these are: 


Item Per Net Ton Melted 
Brick for lining and 
patching using .80 to 2.00 brick 
Molding 
sand using 1200 to 32900 lb. per day 


Limestone using 12 to 25 Ib. 
Fireclay using 2% to 8 |b. 
Firesand costing 2 to 10 cents 
Labor, Charging 


Room 


Gannister 


costing $.50 to $1.00 


Further, there is wide variation in 
the method of making up the cupola. 
This includes: 


Chipping and patching the cupola; 
Placing the sand bottom; 

Placing and lighting the bed coke; 
Size of the charges; 

Method of tapping and slagging ; 
Method of handling materials; 


all of which indicates that cupola 
operations are not standardized at 
the present time and the costs of de- 
livering a ton of molten iron to the 


Economics oF CupoLa OPERA 


foundry vary through a wide range, 
with no analysis of a heat balance 
sheet. 

Graphical Illustration of Varia- 
tions in Practice. In order to visu- 
alize the firiat-result of these varia- 
tions, Fig. 1 has been prepared to 
indicate the range of operation in 
ordinary cupola practice and, inci- 
dentally, to indicate the trend in the 
relationship that exists between coke 
ratios, air volumes, temperature of 
iron, rate of melting, etc. 

The vertical scale indicates the 
temperature of the iron; the horizon- 
tal scale is the rate of melting. The 
curves bearing upward from the hor- 
izontal indicate the lb. of iron 
melted per lb. of coke, 7 to 11 Ib. 
The vertical curves indicate the air 
volumes, 150 to 350 cu. ft. per sq. ft. 
of cupola area per min. In a 60-in 
cupola, having 20 sq. ft. of area, 
these volumes become 3000 to 7000 
cu. ft. per min. 

Curves are also shown to indicate 
the relation of percentage of CO, 
to air and coke volumes, blast pres- 
sure in oz. and lb. of coke per ton 
of iron melted. 

This indicates the wide range of 
choice which the cupola operator 
has in producing ordinary results. 
If the highest temperatures of iron 
are required, then the highe 
amounts of coke and higher air vol- 


umes must be used. 
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Chart shows the relation of iron to coke 
blast pressures, and air volumes to rate of melting, temperatu: 


efficiency and rate of combustion. 
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Table 1 
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ible feature of 
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indry industry. Failure 
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upola operational con- 
he industry millions of 
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ould be $20,000,000. 
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his phase of cupola edu- 
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metallurgical staff, and 
ility of the cupola oper- 





atol Here again not all ¢ upola can 


save $1.00 pel ton, but some can re 


duce their costs much more than 
$1.00 per ton melted 

It is often said that we have no 
desire to save coke Chis means that 
there is no desire to sacrifice quality 
for an apparent saving in fuel. The 
author is sure, however, that no on 
wishes to throw away coke, lime- 
stone, silicon, manganese or an\ 
other foundry material after the r 


quirements for that material have 


been satisfied. 

It is surprising how many cupola 
fork the coke 

thus 

record ol coke 


items of a like 


operators into the 


having no accurate 
Many othe: 


nature might be men- 


( upola, 
ratios. 
too 


tioned. There has been entirely 


much superstition and _ individual 


the 
cupolas instead of the use of well- 


preference in opt ration ol 
established basic prin iples. 

p E. Hurst, in his book Melting 
Iron in the Cupola, published in 
1929, said: “The fact 


that coke charges in many foundries 


England in 
still are left to the personal judg- 
ment of the cupola attendant raised 
the question at once, ‘Are our coke 
ratios too high?’ Conceivably even 


today, careful analysis of normal 
cupola practice will be repaid by a 
still further saving in coke.” 

It is quite evident from the above 
that 


the great economic importance of 


observations notwithstanding 


the operational control of cupolas 


involving millions of dollars each 


_vear, there is a wide variation in the 


operating conditions with respect to 





ates a decided 


which indicates decided absence o! 
stal rdi on based upon scien 
tific alysis of 1 requirements 
The question the rises What 
the basis of cupola control, and 
how can the scientific analysis of 


ctual requirements be « tablished 


Scientific Method of Analysis 
Dh 


problen S 1s based up I 


facts deve 


scientifi appre ich to cupola 


1 Care ful ob 


servation of oped by ex 


perimentation unde contre lled con 


ditions, and is concerned only with 


the re produc ible facts which can be 


observed and verified by any prop 
erly trained person 

It is the classification and coor 
dination of such facts that deter 
mine the behavior of certain com- 


binations and inte rpret natural laws 


It is the development of this system 
of scientific methods that tis respon 
sible for the enormous rate at which 
the secrets of nature have been un 


ravelled during the past 150 yeas 


with its tremendous impetus to in 


dustrial development 


The objective of the application 
of the scientific method to cupola 
control is to acquire complet knowl- 
edge of the reactions which take 
place in the various zones of the 


cupola which point out limitation 


and bottlenecks in the efficiency of 
combustion, the efficiency of heat 
transfer, and finally the overal! 


thermal efficiency of the cupola for 


any condition under which the cu 


pola is operating 


Tabulation of Factors Relating to 
Operational Control 


scientific 


to follow the 


essential that each fact 


If we are 
method, it is 
established in_ its 
other facts be 
lated for 
of problems with respect to all fa 


relationship to 


recorded and tabu- 


guidance in the solution 
tors involved, making it unnecessary 
to make 
cial operating condition 


calculations for any spe 
These tables should be as complete 
the solution 
tables of 


and as voluminous for 


of cupola problems as 
logarithms are for obtaining the ex 
ponent that corresponds with an 


desired number or vice versa. 


It would be rather awkward if we 
were compelled to stop and calcu- 
late tan- 
gents, etc., 


logarithms, sines, cosines, 


every time we wished to 


use them. In fact, it would not be 
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done, for in the first place we do not 
know how, and, secondly, it would 
take too long. And for the same 
reason we do not calculate heat bal- 
ances. We are not familiar with the 
method, and the operation is too 
time-consuming. 

What we require is reference ta- 
bles giving complete details of the 
results from all combinations of coke 
ratios and air volumes. 

Samples of such tables are shown 
as an appendix to this paper, con- 
sisting of fundamentals required in 
the analysis of cupola thermal prob- 
lems, with examples of the applica- 
tion of the fundamental to the de- 
velopment of heat balances for spe- 
cific cases which are shown in two 
ways: first, on the basis of 1 Ib. of 
coke consumed, and second, on the 
basis of | lb. of iron melted. 


Cupola Efficiency 

A study of heat balances is the 
only method of bringing a cupola 
up to its maximum thermal effi- 
ciency, which is usually the condi- 
tion in any melting furnace for most 
satisfactory melting conditions. The 
elements entering into heat balances 
and which are governed by opera- 
tional control are: 

Ratio CO, to CO which under- 
lies all efficiencies’ This ratio de- 
pends upon velocity of gases through 
the cupola. 

Velocity depends upon vol. per 
min. 

Volume is regulated by blast pres- 
sure. 

Synchronization of time of melt- 
ing a charge of iron and time of 
burning a charge of coke is essen- 
tial. 

Height of bed coke and velocity 
of gases regulate synchronization of 
melting and burning. 

Efficiency of combustion depends 
upon percentage of coke burned and 
percentage not burned. 

Heat developed by combustion is 
a variable. 

Sensible heat carried to combus- 
tion by superheated coke. 

Distribution of heat through the 
various zones of the cupola. 

Excess heat in preheating zone. 

Bottleneck in melting zone. 

Percentage of heat below 2500° 
F. not available for melting. 


Weight and temperature of gases 






at various levels of the cupola. 

Waste in carbon not burned. 

Waste in sensible heat through 
stack. 

The above are the items which 
control efficiency of combustion, effi- 
ciency of heat absorption, overall 
cupola efficiency, and point to ways 
and means for a much better heat 
distribution. 


Zones of the Cupola 

For the purpose of showing how 
these items are related one to an- 
other, and the method by which they 
may be controlled, it is necessary to 
dissect the cupola and separate it into 
its various zones, each of which has 
its separate function to perform; the 
sum total of which constitutes cupola 
control. 

Beginning at the top of the cupola, 
these zones are: 

The Stack, which carries the efflu- 
ent gases from the cupola to the 
atmosphere, representing a _ large 
waste of heat. 

Preheating Zone, which may be 
from 6 to I0 ft. in height, extending 
from the charging door to the melt- 
ing zone. It is here that the melting 
stock is heated from the atmospheric 
temperature to 2000° F. 

Melting Zone, which lies immedi- 
ately below the preheating zone and 
has for its function the changing of 
iron from the solid to the liquid 
state. 

Reducing Zone, sometimes called 
the protective zone, which is just 
below the melting zone and which 
has a depth of from 15 to 30 in., 
filled with coke, at a temperature of 
3000° F. or more. Its function is to 
protect the iron from oxidizing in- 
fluences and to regulate the effi- 
ciency of combustion. 

Combustton- Zone. The layer of 
coke lying between the top of 
tuyeres and continuous with the re- 
ducing zone is the combustion zone. 
As its name indicates, this zone of 
coke from 6 to 12 in. in thickness 
is the point where the air is intro- 
duced and combustion takes place, 
eliminating all the free oxygen from 
the gases and producing heat in suf- 
ficient quantity for the requirements 
of each zone of the cupola. 

Tuyere Zone, which occupies the 
space from top to bottom of 
tuyeres. 

The Crucible, which occupies the 
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space between tl 


tuyeres and the San 






Unit of Heat Me ments 
Since heat is the 
in melting iron, it is 








a few of the general 
derlie the developme: 







tion, distribution a) 










heat within the cu 
established. 
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There is nothing n 
known than that whe: 
ture of carbonaceou 
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raised to the point of 





brought into contact t] 








burns until entirely co: 









ing which process a la: 






heat is developed. 







In order to measur 





quantities of heat, it is nec 






have a unit of measure. Fo; 







purpose scientists have establis| 
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British thermal unit, called the Bry 
This unit is described as the an Lit 
of heat required to raise th 

perature of 1 lb. of water 1° F. | } 







foundrymen, however, who a1 






scientists, it may be easie1 





alize as a unit of measure th 







tity of heat contained in | |b 






liquid iron at 2700° F. TI 
equivalent to 540 Btu., whic 
made up of three parts 








1. Preheating to melting ter 
perature . 60 Bt 






NO 


Transforming from the solid 
to liquid ..... Bt 







3. Superheating 110 Bt 






BOE cies: 540 Bt 
Carbon Through Cupola 
Passage of 1 lb. Carbon Ti 
Cupola. Now let us follow a I! 


carbon as it passes from the charg- 












ing door, at atmosph« ric tempet 
ture, downward through th 
to the combustion zone, wher 








comes in contact with the au 






} 


and, by the process o! burning 
converted into a gas and returns 
ward through the cupola and is dis 
charged through the stack to 
atmosphere. (See Fig. 2 
Preheating Zone. ‘he frst 

servation is that when first charged 
into the cupola the cai 
atmospheric temperat js sur- 
rounded by upward g gases 
having a temperatur: 
more or less. As the rges ae 
scend, the gases beco! tter and 
hotter until the top « mn 
zone is reached, when 
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CO 
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Fie. 2—Thermal analysis of I lb. of coke passing through the cupola 
f the charges has reached temperature of 3000° F. or more. 
F. and the gases 2500° F. or At this point air is introduced at 
atmospheric temperature at the rate 
7 Zone. The coke continues of 12.1 Ib. of air (151 cu. ft.) to 
through the melting zone, each lb. of carbon burned. The car- 
ming preheated to a “higher bon immediately enters into com 
nerature while the iron is being bustion, resulting in the following 
nged from a solid to a liquid. equation : 
\ft ssing through this zone the 12.1 Ib. air 1.0 lb. carbon 
bon arrives at the reducing zone, 3.68 lb. CO. + 9.42 Ib. nitrogen. 
the temperature of the gases Total gas, 13.1 Ib. 

Norte: In this calculation the 0.16 Ib 
Reducing Zone. During the pas- of excess oxygen shown in Table 24 of 
ge through this zone each Ib. of the Appendix has been neglected. 

is washed by 10 or 12 lb. of Before following the carbon 
ron, m addition to a small through the process of combustion 

ity of slag, and is surrounded and the subsequent distribution of 

in atmosphere of CO, which has heat to the various zones of the 
‘trong affinity for carbon and in cupola, a diversion will be made to 


quence uses part of the carbon 


duce a portion of the CO, to 


ich as this reaction is heat 
nsuming the portion of the carbon 
this purpose not only pro- 
heat but destroys a sizeable 
of the heat already pro- 
Chis reaction will be more 


lly described 


f10n 


ins after passing through 
ng zone arrives at the com- 
ne where the temperature 
a5/ F 





later. 


Zone. 


The carbon 


the carbon having a 


explain the amount of heat devel- 
oped by combustion, the per cent 
of coke burned and not burned, and 
the establishment of the CO,:CO 
ratio. See p. 519 for continuation. 

Heat Developed from 1 lb. Car- 
bon. During the process of combus- 
tion 1 Ib. of carbon develops 14,550 
Btu. The pound of carbon, however, 


at the time of combustion had 


tain 1260 Btu. 


temperature of 3000° F., 
carbon has a mean specific heat of 
approximately 0.42 it would con- 


and since 


The heat developed in the com- 


511 


bustion zone from each pound of 
carbon burned, therefore, is 

14,550 Btu 
1.260 Btu 


By combustion 
Sensible heat 


Total 15,810 Btu 


Temperature of Gases. Since the 
spec ific heat of the gases at 4000° F 
is approximately 0.31, the tempera- 
ture of the gases becomes 
15.810 
13.1 X 31 


The gases, 


Approx 900° F 


however, do not have 
this temperature because, as before 
stated, each pound of carbon has 10 
or 12 lb. of molten iron passing over 
it, and also the ash in the case of 


coke is converted into slag. These 
two items represent a temperature 
loss of about 400°F., so that the 


gases as they leave the combustion 
zone have a temperature of approxi- 
mately 3500° F. 


At this 


presence of carbon, CQO, is very un- 


temperature, and in the 


stable, and if it remains in contact 
with incandescent carbon for a suffi- 
cient length of time each atom of 
oxygen will pick up an additional 
atom of carbon, resulting in the 
formula 
CO,+C=2CO; 

in which all the CO, is reduced to 
CO. 

It is 
carbon of 


the 


was 


that 
resultant 


evident half 
the 2CO 
obtained from the CO, and one half 
from some other source, hence the 


one 


following equation can be written: 


3.68 Ib. CO, + 1 Ib. carbon 9.42 


lb. N 1.68 lb. CO + 9.42 Ib. N 
14.1 Ib. 

and 

4.68 Ib. CO + 9.42 lb. N = 2 Ib. car- 

bon 2.68 lb. oxygen + 9.42 Ib. N 


14.1 Ib. 


Heat Developed by 2 lb. Carbon. 
The heat developed in the combus- 
tion zone by | lb. of carbon when 
completely burned to CO, is 15,810 
Btu. 

The reduction of 1 lb. of carbon 
in the form of CO, is attended with 
a loss of 5850 Btu. 


In the case of the cupola, the car- 
bon used for the reduction has a 
sensible heat content of 1260 Btu 
per lb. of carbon which, deducted 
from the 5840 Btu., reduces the net 
loss to 4590 Btu. 

The net result for the 2 lb. of 



































































































MECHANICS OF COMBUSTION IN CUPOLAS 


24.2 LBS IRON 





100 1lO0°% = 13095 BTv. 
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carbon which have disappeared is 
the following: 


Complete Combustion 


1 lb. carbon 15,810 Btu 


Incomplete Combustion 
Heat Loss, additional lb 


carbon 1,590 Btu 


Net heat in 2 lb. carbon.. 11,220 Btu 

Heat developed, 1 lb. car- 

bon 5.610 Btu 

This indicates the exceedingly 
rapid loss of heat from the develop- 
ment of CO, consequently the objec- 
tive is to control the reduction of 
CO. to a minimum consistent with 
minimum oxidation of silicon, man- 
ganese, iron, etc. 

There are several reasons why the 
combustion within the cupola can- 
not be complete. In fact, we do not 
desire complete combustion, for in 
that event there would be a very 
heavy oxidizing atmosphere in the 


Feo C Oz 


Diagram illustrates mechanics of combustion in « u polas. 


melting zone which would use up a 
large percentage of the alloys sili- 
con and manganese, besides burn- 
ing the iron. 

If the coke were burned to CO. 
or ordinary commercial gas, there 
would not be sufficient heat to raise 
the temperature of the gases high 
enough to melt the iron, and the 
cupola would freeze up. 

It is therefore self-evident that of 
necessity the reduction of CO. to 
CO must be partial, in which case 
a certain percentage of the theoreti 
cal heat in the coke is sacrificed to 
protect the melting zone from too 
ereat an oxidation. There is some 
relation between cu. ft. of CO. and 
the pounds of iron melted that must 
be observed, and this relationship 
varies with the stage of combustion. 


Stage of Combustion. In complete 
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combustion the wv 


20 per cent of th 
with no CO, in wl 
coke is burned in 
zone whereas in inc: 
tion the CO represe: 
of the total gas w 
which case only on 
burned and the oth 
up in the reducing 
ops no heat. 

No cupola IS ope! 
of these extremes. Ey: 
a stage of combustion 
CO, and CO are pr 
proportions and_ thx 
coke that reaches th 
zone, and the percent 
reaching the combusti 


vends on the ratio of CO 
| 


as shown in Tables 2 


Ratio of Coke Burned to 


Coke Charged 
Tables 2 and 3 indicat 

is a wide range in the 
of heat that may be dey 
each pound of coke ch 
the cupola, and it has 


shown in Fig. 1 that the nu 


pounds and temperatur 
melted by each pound of 
wise covers a wide rang‘ 


The principal item regu 


amount of heat developed 


portion to the rate at 
disappears is the ratio 
that is burned to the am 
disappears in the reducti 


f ¢ 


( 


to CO. This ratio. is fixec 


velocity at which th 
through the cupola, whic! 
fixed by the volume of ga 
These ratios for various 
combustion are shown 
The lower curve sh 
cent of coke not burned 
entirely lost as far as 
ducing effect is concer! 
further loss were sustained 
developed by the port 











Table 2 


RELATION OF PER Cent CO, To Per CEent or Coke BurRNED AND Not BurNED* 


Coke Btu. De- 
Vot Coke veloped in 
CO Burned, Burned, Combustion 
per cent per cent per cent Zone 
20.0 0 100 13,095 
14.0-+ 20 80 10,476 
12.5 25 75 9,821 
9.0-+ 33 67 8,730 
0.0 50 50 6,548 


*Portion not burned used in reducing COs to CO. 


Btu. Loss 


Equivalent Coke Equivalent Reduc aiaia 
Lb Not Lb CO: toe 
Tron Burned Tron co 
24.2 0 0 0 
19.4 2,619 18 1,096 
18.2 3.274 6.0 1.316 
16.2 4,365 8.0 1,775 
12.1 6,547 12.1 2,632 


Beuivdient Net Equiva 
Lb Btu Lb 
Tron Developed Trot 

0 13,095 24.2 
2.0 9,380 17.4 
2.5 8,505 15 
3.3 6,955 12. 
4.9 3,915 7.2 

















the CO 
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22 2400 
9NGREES FAHRENHEIT 


time of contact and 

production of CO 

ke. (After Haslam 
1 Russell. ) 


vn by the upper curve. 
the process of taking up 
reduction of CO. to CO 
onsuming process which 
d by the difference be- 
irve marked “‘Heat De- 
1 the curve marked “Net 
ped.” The 
the net heat developed 
13.095 Btu. will 
net heat developed 


percentage 
1¢ d by 


lables 2 and 3. 

of Tables 2 and 3 and 
tes that insofar as econ- 
is concerned, a very im- 
is the regulation of the 
to CO: and this is 
n of the cupola operator. 

Velocity of 
Zone 

control of the ratio of 
CO. This ratio depends 
depth and 


Gases in 


Che basis of regu- 


temperature 
n the reduction zone and 
which the gases 
Velocity de- 
the volume per minute 


ity with 
ugh this zone. 


BLAST PRES 


SURE 


OUNCES 




















4 ? it 16 2c 
AIR VOLUME - CU.FT PER MIN 
=,° eee 200 250 300 350 
TIME |DEPTHI¢s —_—  —_—_ SIDEPTH | TIME 
N OF & ; OF IN 
INE | ZONE ms a “| ZONE | ZONE 
TO" 54 SEC 
IRON TO COKE RATIO 7 ws >} \! SEC 
418 SEC j oR rick g-TO! “se — mtg 131 
m —— 2 v3 | 
360 = - of 9-TO! VE= — iN- 109 
. ~ _ ~ —_ wm | @ . 
307 tof 2 10-TO! —s) 12 086 
253 = Te HRS TO. 29 — 8-063 
oN © ® } 12 
200 i = 4 ul 
Oo a Vieng ® 
2 ("9 = 
< , 080 
l9 eo. > 
“10 yp | OXYSo sea Oo 
J LIMLL Soe —w 
ss a +/ 8S 
980 low - . ; = ae 
‘ 3 
TOP OF ©1556 AS z\ ye : é 
OP OF jON Zr St ieee ‘CO TOP OF 
TUYERES 100 i25 iSO 175 TUYERES 





AIR VELOCITY -INCHES PER SEC 


/ 


F; 5 Hei ht oT 


zones and time 


of the through the 
cupola. 


Depth of the coke in the reducing 


gases passing 


zone in connection with the velocity 
of the gases may be expressed in 
Che effect of the time 
gas remains in the re- 


terms of time 
that the CO 
ducing 
thoroughly by the Bureau of Mines 
at Washington, D. C. 

It has been placed in the form 


zone has been worked out 


of a graphical diagram by Haslam 
and Russell of the Massachusetts 
Institute of Technology. See Fig. 4. 
The per cent of CO gas developed 
is shown by the vertical scale and 
the temperature of the coke by the 
horizontal scale, and the heavy verti- 
cal lines indicate the length of time 
the CO, is in contact with incan- 
descent coke. 

that as the 


Figure 4 indicates 


” reactions 












Table 3 


Coke BuRNED TO VARIOUS COMBINATIONS OF CO, AND CO 
Ot: ~ ala 
Nitro- Btu Lh Cent of Not Developed 
CO gen, Devel- Melted Poten- iron, Per Air Gas¢ 
nt per cent oped Tron tral Btu lb Cent lb lb 
) 66.6 3915 y Be 29.9 9180 17.0 70.1 5.52 6.42 
0 72.0 6538 12.1 49.9 6557 12.1 50.1 7.09 7.99 
8.5 rb Me 6938 12.8 53.0 6157 11.4 47.0 7.33 8.23 
16.7 73.3 7358 13.6 56.2 5737 10.6 43.8 7.58 8.48 
.0 74.0 7799 14.4 59.6 5296 98 40.4 7.85 8.75 
} 74.7 8263 15.3 63.1 4852 8.9 36.9 8.13 9.05 
11.7 75.3 8753 16.2 66.8 4342 8.0 33.2 8.42 9.32 
10.0 76.0 9270 17.2 70.8 3825 7.0 29.2 8.73 9.63 
8.3 76.7 9816 18.2 75.0 3279 6.0 25.0 9.06 9.96 
0.0 80.0 13095 24.2 100.0 0 0.0 0.0 11.03 11.93 


on + 12.26 lb. air develops 14,550 Btu., 
~ E 


0.90 Ib. carbon. 


equivalent to heat contained in 26.9 lb. molten 











in the be d coke of a cupota 


temperature drops the time to make 
the definite reduction of CO. to CO 
1600° F. 
it would acquire an infinite time to 
reduce all of the CO, to CO. 


In the cupola the 


is greatly increased, until 


temperature 
just below the melting zone is from 
2800 to 3000°F. The dotted line 
which has been placed on the chart 
is an extrapolation to indicate that 
to obtain 20 per cent of CO from 


CO, would require one-tenth of a 


second in contact with coke at 
2800° F. 
This indicates the vital impor- 


tance of the relation of the height 
of bed coke to air 
regulates the air volume and which 


pressure which 


in turn determines the velocity of 
the gases through the cupola. The 
height of the bed coke is automati- 
cally regulated to synchronize the 
time of melting a charge of iron to 
the exact time required to burn a 
The ratio of CO 


to CO is the governor which main- 


charge of coke. 


tains this balance. 

Applying these conclusions to the 
conditions existing in the bed coke 
within the cupola will show how 
regulation is accomplished. 


Synchronization of Rate of Melt- 
ing and Rate of Burning. One pound 
of coke may furnish sufficient heat 
to melt 7, 8, 9, 10, 11, 12, 13, 14, 
15 or 16 lb. of iron. 
the one lb. of coke must be burned 
in exactly the same time required 
to melt the charge of iron. Also, 
the one Ib. of coke must develop the 


In each case 
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Fig. 6 











Chart from a CO, recorder shows relationship of blast volume to CO; 


in effluent gas throughout a cupola heat. 


required amount of heat at the re- 
quired temperature to melt the iron 
in the exact time required to burn 
the coke. 

If the iron charge melts in less 
time than required to burn the 
charge of coke then a new charge of 
coke comes down ahead of scheduled 
time and increases the height of the 
bed coke. If this condition should 
continue indefinitely, the cupola will 
become filled with coke, with no 
room for the iron charge. 

If the iron charge is delayed in 
melting beyond the time required 
to burn a charge of coke, then the 
bed coke is burned away until a new 
charge of coke is released. If this 
condition continues, the space be- 
comes filled with iron, at which 
point melting ceases. 

How, then, is exact synchroniza- 
tion achieved? Simply by the laws 
of nature, over which we have no 
control when the coke charge and 
air volume are fixed. The operation 
in detail is easily explained. 

For example, in the first case men- 
tioned, if the iron is melted too soon, 
the remaining coke not burned in- 
creases the depth of the reducing 


zone, and a greater proportion of 
CO, is reduced to CO, thereby low- 
ering the temperature of the coke, 
which has a tendency to retard the 
rate of melting, and also that portion 
of the coke which is used to reduce 
the CO. does not reach the com- 
bustion zone. 


Ics 











OF CuPOLA OPERAT! 
Hence there is | 
and the time of bun 
The result of this « 
is to increase the t 
and reduce the tim 
until automatically 
ization is reached. 
In the second cass 


of melting a charge j «] 
the depth of reduci 
creased, less CO. is r be 


Consequently the ter 
creased and a less pro) 
coke is used to reduce C\ 
fore a greater proport 
the combustion zone, w! 
the time required to bur 
Here, again, this acti 
automatically until exact 
zation is obtained, afte: 
is a constant fluctuatio1 





one per cent more o1 
percentage of CO, by 


synchronization is maintained indet 


initely. This regulatior 
positive as the governor on a ( 
liss engine which, when onc 














controls the speed of the engi 


without attention of the operator 


Height of Bed Coke 


To apply these principles defir 


itely to the bed coke, Fig. 5 


been prepared for five different vol- 


umes of air per minute, namely 


200. 250. 300, 350 cu, ft DCI 


of area; or for a 60-in. cupola ha 


ing 20 sq. ft. of area, these volumes 


become 3000, 4000, 5000, 6000 
cu. ft. air per min. 


In calculating the velocity throug! 


the cupola, it is assumed 





Prest’s Cup 
1 
Forsythe’s Blast Furnace 


Percentage by Volume Constant 





Depth, co, CO>, Depth, 
im ft per cent per cent in ft. 
Blast on 
lop 29.5 11.0 9.4 
+ 29.5 10.5 9.4 
8 27.0 8.0 | 9.4 
10 32.0 7.0 | 9.4 
12 33.0 7.0 9.4 
14 31.0 6.5 | 9.4 
16! 34.1 2.2 | 9.4 
20 35.1 0.7 9.4 
39 35.0 1.1 | 9.4 
52 35.2 io > BA 
65 35.9 0.5 
702 36.6 0.0 
Tuyeres 37.7 0.8 | 
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Table 4 
CO.:CO Ratio witnHtn CupoLta ComMPaRED WITH THAT 
WITHIN BLAST FURNACE 


ola Observations 


1-6-34 
At Uniform 


Time 
6.01 
6.06 
6.12 
6.18 
6.26 
6.32 
6.45 
6.50 
6.52 
6.55 
7.00 


| Prest’s Cupola O 
Depth 11-6-34 
| At Various I 
COs, | Depth, 
per cent | im ft. Tt 
0.0 | 
a 2 7 
14.4 2 7 
4.4 3 7 
3.4 4 7 
5 5 . 
B® ae ee 7.4 
7.4 8 7 Af 
7.4 81/2 7.5 
56 | 9 
Pipe | 9g! 7 
Clogged | 10 8 

















ges are shown in Fig. 1. 








occupy 60 per cent of 
ving 40 per cent of 
creases the velocity of 
ind a half times above 
| be if the area were 


the volumes indicated 

c. at normal atmos- 

, erature, velocities be- 

7 ) 125. 150 and 175 ft. 

However, since the 

idenly raised to a tem- 

ve 3000° F. volume is 

venfold and velocity in- 
the same proportion. 


Velocity of Gas Reactions 
This indicates that in less than one 
the air has entered the 
tered into combustion lib- 
¢ vast quantities of heat; has 


through a secondary reaction 


Af reducing CO. to CO; has trans- 


its heat to melt the iron and 
preheat the iron; and has passed 
rough the stack to the atmosphere. 
indicates the extreme velocity 
gaseous reactions. 


The effect on the height of the 
1 coke is shown in Fig. 5, in which 


t is assumed that all the oxygen has 


n eliminated in 8/100ths of a sec. 

lculating the distance traveled 
this length of time, the depth of 
e combustion zone is 6-in. at the 
vy velocity and 14-in. at the high 


The diagram indicates that for 
higher amounts of coke per ton 
{iron the bed coke has the maxi- 
m height, and as the coke per ton 
f iron becomes less and less, the bed 


ke drops to the point shown by 


!1 to 1 ratio. The CO, percent- 
We have 
direct data on which to base 
ese calculations, and the only ob- 
tof Fig. 1 is to show the direction 


i which these reactions take place 


er than to indicate definite di- 


mensions 


CO, Recorder 

f velocity at which air is 
to the cupola on the regu- 
the amount of heat devel- 
ound of coke—in other 


Tmitted 


1 tds, the ratio of CO, to CO—is 


by a CO, recorder in 
with an air volume gage. 
purpose, Fig. 6 is intro- 
h is a somewhat radical 
r the reason that the iron 


TEMPERATURE 
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CO, and CO, in the various zones 


of the cupola for the usual range of 


operation. 


from the cupola was tapped into an 
air furnace containing 30 tons of 
iron. 

The iron from the air furnace was 
tapped into a receiving ladle from 
which the pouring ladles were filled. 
The air furnace was operated only 
through one half the heat, after 
which the iron from the cupola was 
tapped into the receiving ladle. But 
while the last 30 tons in the air fur- 
nace was delivered to the pouring 
ladles, the blast in the cupola was 
shut off for approximately one hour, 
as indicated in Fig. 6. 

At the beginning, 6 a.m., bed coke 
had not burned down to an equi- 
librium, for the blast pressure was 
reduced to retard melting and to 
preheat charges, and to bring the 


walls of the cupola up to their re- 
quired operating temperature. The 
low air pressure increased the time 
limit in which the CO, was in con- 
tact with the incandescent coke, re- 
sulting in a high percentage of CO 
and correspondingly low percentage 
of CO.,. 

As the blast volume was increased 
and the bed coke burned down, there 
was a gradual increase in CO, per- 
centage until an operational balance 
was reached at about 8:30 a.m. 
From then on a more or less con- 
stant percentage of CO, was main- 
tained until the air volume was rad- 
ically reduced at 9:45 a.m. to stop 
melting in the cupola and to permit 
pouring off 30 tons of metal from 
the air furnace. 
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The reduced blast, as indicated by 
Fig. 6, immediately produced a high 
reduction of CO, to CO, to such an 
extent that the temperature of the 
combustion and reducing zones was 
reduced to a point where melting 
practically ceased. After the lapse 
of 1 hr. 20 min., the air volume was 
again applied, with immediate de- 
crease in the CO, reduction follow- 
ing very closely the inverse air vol- 
ume record. 

Near the end of the heat the blast 
was reduced momentarily with cor- 
responding drop in CO, content, 
after which the volume was further 
reduced in response to the lowering 
charges from the time that charging 
ceased and the time that the entire 
metal was melted. 

There is considerable reference in 
the literature on combustion that 
apparently does not agree with the 
direct relationship between air ve- 
locity and coke charge that is indi- 
cated by the CO, chart. However, 
wherever CO, recording charts are 
used it is evident that a change in 
blast pressure produces immediately 
a corresponding change in the CO,- 
CO relation which is the basic factor 
in determining the amount of heat 
to be developed from each pound of 
fuel. 

Every cupola should be equipped 
with a pressure gauge, a volume 
gauge and a CO, recording instru- 
ment. These will give continuous 
information regarding the various 
efficiencies under which the cupola is 
operating at each moment and fur- 
nish definite means for close regula- 
tion. 

Changeable Atmospheres 

CO,-CO ratio within cupola is 
not in a state of equilibrium but, on 
the contrary, is constantly changing 
with great rapidity. It has already 
been pointed out that the gas CO, 
is unstable at high temperatures in 
the presence of incandescent carbon. 

The reduction of CO, to CO con- 
tinues through the melting zone to 
an extent far greater than the final 
equilibrium which is formed at the 
lower temperatures with iron as a 
catalyst. This is a condition that pre- 
vails in the upper part of the pre- 
heating zone. 

This reaction is the reverse of 
what takes place in the reducing 
zone and by means of which CO is 
changed back to CO,; thus 2CO= 
C+CO,. While this reaction has 


Economics OF CupoLa OPERATI: 








Table 5 
CALCULATIONS FOR HEAT DEVELOPED IN THE Cup: 


Lb. coke burned 
Lb. coke used in reduction CO, 


Total coke disappeared 

Heat Developed in the Combustion Zone 
13095 X 0.6875 
Sensible heat from .6875 lb. coke 


Total heat developed in Combustion Zone............. 
Heat Developed in Reducing Zone 
Sensible heat from 0.3125 lb. coke.. 


Total Heat Developed 1 Lb. Coke 
Not Developed, 13095 X 0.3125 


Total Potential heat 
Lb. of Gas in Reduction Zone (See Table 24 of Appendix) 


1 lb. Carbon 
Co, : 1.3781 x 0.90 
cm? . : : ae. ee ae 
Nitrogen silted asians tes 6.4721 x 0.90 


Excess Oxygen 


. 0.1161 xX 0.90 


.. 9.4288 X 0.90 
. 0.3125 xX 0.90 


Total Lb. Gas 
Deduct 


Lb. of Gas in Combustion Zone . 9.1163 xX 0.90 








Lb. Gas in Combustion Zone 8.2 
Lb. Gas in Reduction Zone 8.5 
Transfer of Heat S pecifi 
Combustion Zone Btu. Heat 
Heat Developed 9872 32 
Loss: 
Superheat Iron 326 
Development of Slag 480 806 
Heat delivered to Reducing Zone 9066 
Add sensible heat in .3125 lbs. coke 390 
Total heat in Reducing Zone 9456 
Loss: 
Superheat Iron 650 
Preheating Coke . 235 
Superheat Slag ........ 240 
Reducing CO; to CO.... 1225 2350 
Heat delivered to Melting Zone.... 7106 .29 
Loss: 
Latent heat of fusion, 8 Ibs. 
iron ... We A 576 
Preheating Iron ....... sseunanisieiencet 2 cer 
Preheating Coke ...................... 245 
Formation of Slag...... stupteiniene:, 1203 
Heat delivered to Preheating Zone................ 5903 .28 
Loss: 
Preheat Iron, 2000°. .. 2624 
Preheat Coke, 2000°................. 780 
Calcining Limestone .......... (7A 
Reduce CO; to CO................ . 420 4194 
Be IE BIE ionic ceedeetcieixtiernics 1709 25 
SUMMARY 
Heat Used Btu. 
I i dcccsciecccscntaieian 4448 
Fe | LE Ene SEES 830 
CIEE IIE casi mecccicpnonctnonna 370 
MI Rapcaiccenbtbediipaichtniekarccip lindo 5648 
Heat Not Used se 
I: a i 1709 
RI \dosstthidhanaeadalichedtuaduingsincottinebicindhs alistanviaedibeeitell 1645 
RI URI a te os tetas 4093 
ye Sa ae Cee A a A 7447 
Total Heat Used and Not Used........................ 13095 


Appr 


Temp. °I 
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in the cupola are similar to the ex- 
tent that the cooler portions near 
the top are favorable to the precipi- 
tation of carbon from the CO, caus- 
ing an increase in CO,. 

It remains for more delicate meth- 
ods to fix the definite limits of time 
and temperature which govern this 
reverse reaction, 

2CO=CO,+C 

The greatest discrepancy between 
the blast furnace and the cupola is 
in the lower regions where the CO, 
gas in the cupola at the high tem- 
perature of the melting zone and 
low bed permit oxidation, while in 
the blast furnace CO is produced in 
the combustion zone, which is the 
condition for developing the desired 
reducing atmosphere. 

This is easily explained by the 
different coke to air ratios and the 
desire, in one case, to develop the 
conditions which produce the maxi- 
mum CO, and, in the other, to pro- 
duce the maximum CO, consistent 
with controlled oxidation. 

Table 4B indicates the powerful 
effect of temperature on the reverse 
reaction in which the samples were 
taken close to the melting zone just 
after the blast was applied, while 
the furnace is comparatively cold. 
The CO, will be comparatively high, 
but as the coke in this region be- 
comes heated the CO, content nearly 
disappears. 

At this stage, with the high bed, 
the chemical reactions approach 
those of the blast furnace. However, 
as the bed is burned away to supply 
the necessary heat to bring the tem- 
perature of the cupola walls and the 
preheating of charges to a normal 
working condition, a balance is 
reached where the coke to iron ratio 
and the rate at which the coke is 
fed into the combustion zone result 
in a constant elevation of the bed 
coke above the tuyeres. 

When this condition is reached, 
the time limit of contact between 
air and coke is reduced, hence CO, 
is increased. The low percentage of 
CO, while the height of the bed is 
being reduced produces a condition 
of low oxidation in which the silicon 
loss is negligible. 

In the Thompson and Becker ob- 
servations, they report as evidence 
that the reaction does not occur at 
temperatures above 1300 or 1400° F. 
and: that the reaction continues as 
the temperature decreases to 400° F. 
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Table 7 
Cotp BLast CuPoLa 


Heat BALANCE 


Basis: 1 lb. Coke; Varying Iron F.atios; 
Volume air constant, 250 cfm. per sq. ft. cupola area 




















Iron Melted per lb. Coke 7 8 
Lb. of Coke 
For melting one ton of iron.... os Gea? 250.0 
For combustion CO, ete vse EO 171.9 
For reduction CO; to CO................ 95.7 78.1 
Rate disappearance, lb. per hr............ 165.0 159.6 
Rate of melting, tons per hr...... a 77 .638 
Per cent CO, in effluent gases.. 9.0 10.0 
Lb. of Air 
For each lb. coke charged eI 7.33 7.58 
For each lb. coke burned 11.03 11.03 
For one ton iron melted........ ercnese ee 1895 
Lb. of Gases 
Per lb. coke disappeared 8.23 8.48 
Per ton iron melted ” ia 2351 2120 
Disappearance 1 lb. Coke 
Percent burned to CO, (A+'¥2B).... 66.46 68.75 
Per cent reduced, CO: to CO (2B). 33.54 31.25 
100.00 100.00 
Btu. Developed 
From combustion (A+ 2B).... ‘ 8704 9003 
Sensible heat (A+ /2B)...............:::000 840 870 
Total in Combustion Zone....... . 9544 9873 
Sensible heat (/%2B) in Reducing Z. 420 390 
Total heat below Melting Zone.......... 9964 10263 
Temperature of Gases 3850 3850 
Btu. Loss, CO, to CO............. i Se 1645 
Net Btu. developed 1 Ib. coke............ 6938 7357 
Potential Btu. not developed............... 6157 5738 
Total Potential 1 Ib. coke.................. 13095 13095 
Add sensible heat transferred..... . 1260 1260 
Total Btu. below Melting Zone........ 14355 14355 
Temperature Iron 
Fluid Iron in Melting Zone................. 2200 2200 
ee 5 ree 2790 2730 
ae 590 530 
Btu. Transferred to Iron 
In solid iron at Melting Zone........... 2296 2624 
In fluid iron in Melting Zone.......... . 3038 3472 
Be Se I III, cscsesiensunavenitisiossenies 3990 4448 
ON eee 952 976 
Btu. Transferred from Gases in 
Combustion Zone 
UETORTIS TIGR: ccisisicesncscessecen cae 317 326 
Formation and Superheating Slag. 520 480 
BID ciccuieicrotnnidaiszaalaadedetbadccaninices 837 806 
Temp. Gases entering Reducing Zone.. 3470 3490 
Btu. Transferred in Reducing Zone 
Supermeatiogs TOM ......<0.:0scecesesoorses 635 650 
re 235 235 
Superheating Slag ..................0...000 250 240 
Reducing GOs 00 CO. ......:ccseesccecesss. 1316 1225 
0 RE ee sere. eee 2436 2350 
Temp. Gases delivered to Melting Zone 2880 2940 
Btu. Transferred in Melting Zone 
8 ee 504 576 
Preheating Iron, 200° F................. 238 272 
Preheating Coke, 500° F.................. 245 245 
Formation and Superheating Slag.. 110 110 
, EER 2S Re a 1097 1203 
Temp. Gases delivered to Preheating Z. 2490 2530 
Total Btu. Transferred Below Preheat- 
St TEE cle ete APT eo Ste 4370 4359 
I os isd cdendiniigensase 5594 5903 
Transferred in Preheating Zone 
Preheating Iron to 2000° F........... 2296 2624 
Preheating Coke to 2000° F........... 780 780 
Calcining Limestone ...................... 370 370 
Reducing CO; to CO.................cc006 450 420 
SI eePinsisninceicceouoeshnaiilactandestinihe 3896 4194 
Btu. in Effluent Gases 1698 1709 
NOR, Ely, issacnermpurmedeend 828 804 
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Table 8 
Heat BALANCE 


| lb. Iron; Varying Coke Ratios; 


—CoLp BLAst 


CUPOLA 


Volume Air constant, 256 cfm. per sq. ft ¢ cupola area 





l Lb. Coke 





a ting one ton of iron 


bustion CO, 


} ction CO; to CO 

er Cupola Area Per Hour 

Rat coke disappearance, Ib. 

R melting, tons 

| CO, in effluent gases.. 

4 

Per | Iron Melted 

Per Lb. Coke Burned 

Per Iron Melted 

Per | lron 

P 1 Iron . 
Disat ince Coke Per Lb. Iron 

LI ned to CO; (A+ B)........ 


LI ducing CO; to CO (YB)........ 


oke melting 1 Ib. iron........ 


Btu. Devel ped in Combustion Zone 
Fro ombustion (A+ Y2B)............. 


Sensible heat (A+ Y%2B).... 
otal developed in Combustion Zone..... 
Sensible heat Reduction Zone (¥2B).... 


otal Btu. below Melting Zone...... 

ture Gases ..... 
B Loss Reducing CO; ee 
Net Btu. developed below mammal Zone..... 
Potential—not developed .. 


Potential in coke for 1 Lb. Iron..... 
Sensible heat in coke at 3000° F 


lotal Btu. below Melting Zone. 
mperature Iron in Melting Zone, ° F. 
mperature Iron at Tapping Hole 


Degrees Superheat ........ een 
Btu homey Iron in Melting Zone......... 


Btu. Fluid Iron......... 
Btu. as s tapped crepe tedaieinblatmeidadbedia 
tee, Sn, BR sacianen costa cicnsornrensqicnpsievesis 


In Combustion Zone 


Superheating UsG ...00..0ssscssseses 
Formation Slag . 


Total 
Tem pe rature Gases— top of zone 
cing Zone 
Supe cheating Iron 
Preheating Coke . 
Superheating Slag ..... 
Ri to CO 


ducing CO, 


1 Reese it AN er os Se ce ON 
ler os rature Gases- —top of zone 


n Melting Zone 


Latent 4 fusion...... 

Preheating Iron—200° F 

Preheating Cale 00? FB ......0:.scecsosesesveesesss 
mation and Superheating Slag................ 


tal bP SE ae renee 
erature Gases—top of zone. 


stu, Ts aaa Below 


| a een 
Remaining for Preheating Zone. 


tal 


n Preheating Zone 


Preheating Iron—2000° F 
‘reheating Coke—2000° F 


( fe a ae aE eer 
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They found the reverse action to 
overall 


which CO, can be in- 


be relatively slow, hence the 
extent to 
creased is re 
blast 

greater 


gulated by reducing the 


pressure, thus allowing a 
time in the 


the gases are 


cupola before 
discharged from the 


cupola as well as providing more 
time for the reaction to take place. 

It is suggested that increasing the 
height of the cupola would have the 
same effect. 

In their laboratory experiments, it 
was shown that iron is the most ef- 
fective catalyst in promoting this re- 
action and that the rate 
proportion to the surface area of the 
iron. 


varies in 


The extent to which the phenom- 
ena takes place at the various tem- 
perature levels in the 
shown in Fig. 7. It 
temperature of iron and 
ture of the throughout the 
cupola for various coke ratios. 


cupola is 
also shows the 
tempera- 
gases 


Figure 7 illustrates the care re- 
quired in obtaining necessary gas 


samples for analysis or in taking 


temperature measurements due to 
the rapidly changing conditions 
which take place at various points 


Consistent re- 
however, can be 


within the cupola 
sults, secured by 
taking the samples sufficiently near 
the charging doors. 

Correct sampling is a fundamental 
necessity in the 
mal efficiencies which depends upon 


calculation of ther 


three items, namnielyys | temperature 
and composition of the effluent 
gases;“Aemperature of the iron as 


tapped from the cupolayand tem- 
perature of the incoming blast. 

Heat balances are essential for the 
study of fuel-economy. This infor 
mation is not available, except in a 
very general way, in the literature 
on cupola practice. The balance of 
this analysis of the conditions which 
exist in the cupola is devoted to a 
detailed study of the fundamentals 
which underlie fuel economy, with 
copious tabulations based upon ac- 
tual operating conditions. 


| Lb. Coke Through the Cupola 

On p. 510 1 Ib. of carbon 
followed through the cupola from 
the charging door to the combustion 
zone. It will now be followed on its 
return trip as a gas through the 
cupola from the combustion zone to 
the stack where it is discharged to 
the atmosphere. 


was 































































































Lb. Iron per Ib 





Table 9 

RELATION OF HEAT DEVELOPED TO HEAT USED AND Not Usep 
ALSO 

RELATION OF Heat AVAILABLE TO Heat Not AVAILABLE FOR MELTING 


Coke . 7 8 9 10 11 
Per cent CO, 9 10 11 12 13 
Equiva- Bquive- . las Bouin a- ‘Equis o 
lent Lb. lent Lb. lent Lb lent Lb. lent Lb. 
Btu. Tron Btu Iron Btu. Tron Btu. Tron Btu Tron 
Btu. Developed 
1-lb. Coke . 6938 12.8 7358 13.6 7799 14.4 8263 15.3 8753 16.2 
Not Used 1698 3.1 1709 3.2 1744 3.2 1793 3.3 1811 3.3 
Net Used 5240 9.7 5649 10.5 6065 11.2 6470 12.0 6942 12.9 
Not Developed 6157 11.4 5738 106 5296 9.8 4832 9.0 4343 8.0 
Total Not Used 7855 14.5 7447 13.8 7040 13.0 6625 12.3 6154 11.3 
Per Cent Not Used.. 60.0 56.8 53.7 50.5 47.0 
Btu. Not Available 
for Melting Below 
2600° F. .. 5594 10.4 5903 10.9 6236 11.5 6573 12.1 6889 12.7 
Not Used.............. 1698 3.1 1709 3.1 1744 3.2 1793 3.3 1811 3.3 
Used in Preheating.. 3896 7.3 4194 7.8 4492 83 4780 88 5078 9.4 


air 








For this purpose consider the 
stage of combustion to be represent- 
ed by 10 per cent CO,+ 16.67 per 
cent CO, substituting for the one 
pound of carbon, one pound of coke 
(0.90 per cent carbon), having a 
calorific value of 13,095 Btu. 

In order to determine the amount 
of heat developed under the condi- 
tions mentioned refer to Table 28 
on page 534, which forms the basis 
for the following calculations in 
Table 5. 

The conspicuous observation in 
the summary in Table 5 is the rela- 
tively small percentage of the poten- 
tial heat (43.1 per cent) that is used 
and the large percentage (56.9 per 
cent) which escapes through the 
stack and is invisible to those who 
do not visualize the Btu. involved. 

Cupola operators are not called 
upon to account for the potential 
heat in the fuel which they use. This 
is analagous to sending an employe 
on a business trip and not requiring 
an expense account. 

To illustrate, supposing each Btu. 
represented one cent, then $130.95 
would be the amount advanced, the 
identical trip being repeated many 
times, with no accounting. Finally, 
however, the auditor decides to look 
into the details of expenditure, 
whereupon the employe furnishes 
the following information (see sum- 
mary in Table 5) on page 516. 


Fig. 8—Chart shows distribution of 
heat in a cold blast cupola. 


balances 
constant air volume of 250 cy 
per min. per sq. ft. of cupola ar 
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(Btu. Thru Stack) 
thrown 


away 


volumes 


Cash 


(Btu. Potential) Total ad 


This condition wou! 
lowed to continue ver 
ever, it is a permanent 
garding the use of fue] 
For the purpose of « 
relative efficiency in fi 
for varying coke ratios 
umes in cold blast cupo 
lowing heat balances hay 
pared: 
Table 6. A general tal 
balances for five coke rati: 
as indicated 


iron 












twenty-five intersections in Fig 
Table 7 shows five det 
for five 


ratios 


These correspond with the fiv 










































































(Btu. Used ) Railroad fare and termediate intersections on Fig 
Rag * oe sesees gt ry 56.48 Table 8. These heat balances 

(Btu. Undeveloped) Disappeare . the same as in Table 7, except ¢| 
before starting ; 40.93 : 3 ; a 

(Btu. CO, to CO) Loaned to a 1 lb. iron with varying Cok¢ 
friend 16.45 is used as a basis. 
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Table 10 


7 Ls. Iron —1 Ls. Coxe 
13,095 Bru 


rRIBUTION OF HEAT TRANSFER THROUGH THE CUPOLA 

















9 per cent CO: develops ; 8.704 + 1260 9 .%64 
Undeveloped 4,391 Btu 
Btu.) to Com- Reduc- Total for 
upola bustion lion Melting Melting Preheat T otal 
238 238 229% 254 
fusion 4 504 504 
317 635 95? 952 
317 635 742 1694 2296 3990 
( t jane 235 245 480 780 1260 
¢ on and Superheating. . 420 250 110 8B0 880 
Re to CO 1316 1316 50 1766 
( nestone 370 370 
837 24%6 1097 4370 3896 8266 
Bisent GaseS ...scccccescececcveces 1698 
stu Te 9904 
8 Ls. Iron —1 Ls. Coxe 
Potential Heat . hae ; 13,09 Btu 
10 per cent CO: develops 9,002 + 1260 10,262 
Undeveloped . 4,093 Btu 
Heat (Btu.) to Com- Reduc- Total for 
cupala bustion tion Melting Melting Preheat Total 
" 272 272 2624 2896 
Late eat fusion 576 576 576 
penne Pre 326 650 976 976 
Total 326 650 848 1824 2624 4448 
( Preheat : ‘ 235 245 480) 780 1260 
Slae—Formation and Superheating. . 480 240 110 830 830 
Reduce CO: to CC caeeadeune 1225 1225 420 1645 
Ca Limestone 370 370 
tal 806 2350 1203 4359 4194 8553 
Itt SOE nodaccanteweededvebess 1709 
tal Btu _—— 10262 
9 Ls. Iron 1 Ls. Coxe 
Potential Heat ; 13,095 Btu. 
per cent CO: develops. . 9,318 + 1260 10,578 
Undeveloped ares 3,777 Btu. 
Heat (Btu.) to Com- Reduc- Total for 
r of cupola bustion tion Melting Melting Preheat Total 
lror 
Preheat OPS Ve ae 306 306 2952 3258 
Nh rere 648 648 648 
Superheat 333 666 999 999 
Total "333 666 954 1953 2952 4905 
Coke Preheat . eer ee 235 245 480 780 1260 
Slae—Formation and Superheating. .. 440) 230 110 780 780 
Reduce CO: to CO Kab suttedtease 1129 1129 390 1519 
Calcining Limestone . 370 370 
wn SENS Ar Sel PON ol “773 2260 1309 4342 4492 8834 
Effluent Gases -adede cedars whe 1744 
Total Btu per 10578 
10 Ls. Iron 1 Ls. Coxe 
Potential Heat EO Per ae: 13,095 Btu. 
12 per cent CO: develops... .. 9,649 + 1260 = 10,909 
; a ee = - 3,446 Btu. 
ransfer of Heat (Btu.) to Com- Reduc- Total for 
: us zones of cupola bustion tion Melting Melting Preheat Total 
ros 
Co EE ee ee 340 340 3280 3620 
Latent heat fusion. ..............s 720 720 720 
PERIGEE  caccocdasthebeonsciaweas 350 680 1030 1030 
en ee Am ae "350 680 1060 2090 3280 5370 
el a Cae ee Te 235 245 480 780 1260 
Siag—Formation and Superheating. .. 400 220 110 730 730 
ened, Oo. 1036 1036 350 1386 
Calcining Limestone ..... hidstbes 370 370 
_ Total . 750 2171 1415 4336 4780 9116 
nent GG ic. cc net cnc bankes 1793 
| ee Pee 10909 
11 Ls. Iron —1 La. Coxe 
eS eR ee rere here 13,095 Btu. 
13 per cent COz develops..............++. 9998 + 1260 = 11,258 
__ Undeveloped ........ isthe dia a cites dic 3,097 Btu 
f Heat (Btu.) to Com- Reduc- Total for 
nes of cupola bustion tion Melting Melting Preheat Total 
Preheat sect Veswna adesnees 374 374 3608 3982 
Latent heat fusion. ...........0.e0. 792 792 792 
erheat aitiew-end swe bnd aaa’ 355 712 1067 1067 
LO LER Pony owe "355 712 1166 2233 3608 5841 
Coke Preheat .. Pe ee ee 235 245 480 780 1260 
S ormation and Superheating. . . 4p 220 110 730 730 
Re 2 OE Serre ee 926 926 320 1246 
i & SRE cS dike wn cdicdkisten 370 370 
Sn Per: ee ee 755 2093 1521 4369 5078 9447 
fr GD c b.x teh cation oenso eee’ 1811 
a. ae ee ec 11258 
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Fuel Economy 

Having followed 1 lb. of coke 
through the cupola from charging 
door to combustion zone where it is 
transformed into approximately 9 Ib. 
of gases which travel upward, dis- 
tributing the heat developed by com- 
bustion to the various zones of the 
cupola, finally carrying the surplus 
heat to the atmosphere, the results 
are recorded in heat balances for 
various coke ratios and air volumes. 

The outstanding observation is the 
large percentage of waste heat escap- 
ing to the atmosphere, which is 
shown to be from 47 to 60 per cent. 

Inasmuch as coke is the most es- 
sential material used in cupola prac- 
tice and is used in far greater quan- 
tities than other materials, and since 
the unit price has advanced rapidly 
in recent years, it is more than ever 
important to consider economy in 
its use. 


The obvious waste is expressed by 
Pat Dwyer in the Foundry, Septem- 
ber 15, 1926: “At one time or an- 
other probably every foundryman 
responsible for results either to him- 
self or to an employer has stood on 
the cupola charging deck watching 
the flame go roaring up the stack 
and wondering why the same flame 
could not be harnessed in some man- 
ner and utilized instead of going to 
waste.” 

This waste is so obvious that in- 
numerable inventors have attempted 
to reduce it by a modification of 
cupola design. 

Tuyeres of all types and shapes 
from continuous to a few individual 
tuyeres have been used. Their shapes 
are: 

Horizontal 

Vertical 

Combined Horizontal and Vertical 
Inverted T 

Expanded 

Oval 

Round 

Triangular 

Water Cooled 

Center through Bottom 


They have been placed in single 
rows, double rows, triple rows, and 
diagonally around the entire pre- 
heating zone as in the Poumay 
cupola and the balanced draft de- 
veloped by the British Cast Iron Re- 
search Institute. 

Preheated blast has long been con- 
sidered. 


The height of the cupola has been 
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Chart shows distribution of heat in a pre-heated blast furnace. 
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and an excess abov: 
any readjustment of ¢! 
be made on the bas 
upon the excess heat ; 
tleneck and transferri 
of deficiency below t! 
The criterion for 
heat for melting pur; 
the temperature of th: 


sufficiently high to n tes. Si 
with dispatch. It is clearly sities 
that all the heat in the world 

temperature below 2000° |} yu] 


not melt a pound of iron 

For the purpose of 
necessary to separate the heat 
two parts: 

First, that part which can be used 
for melting iron. This is represented 
by the heat contained in th 
of combustion above a temperature 
of, say, 2500° F., which is approxi- 
mately the low limit for prompt 
melting. 

Second, that part which can by 
used for preheating purposes onl) 
This is represented by the heat : 
maining in the gases after their te: 
perature is reduced to 2500° F 


? 
“a 
*)) 
KR 
9 
© 


easily the critical limitation at the 


practice for all coke ratios. See Fig. | 
Figure 8 is important from th 


standpoint of a study of the basi 





The distribution of the heat avail- 
able for melting, and the part left 


melting zone in cold blast cupola 





reduce the temperature of the stack 

















. Table 11 
The effect of changing the lining Steer Pesticcses Bim Le op tiem 
from a straight cupola to extreme 
4 t COz Total Btu. 
boshing has been observed. CO:, Per Btu Com- 
“ . Lb be COs, wb Jevel- —Sensible é stio nde 
Most of these ideas have been Iron pond lb. os —_ Blast +i M Cok — need Pa 
more or less disappointing, at least 7 9 1.09 .15 8704 0 1260 9964 4391 14355 
the improvement has not been sufh- 11 iS 61.75 = 5 9999 0 1260 11259 3096 =: 14355 
Chantty Geen ot ager their general Heat DistrisuTion Per Ls. or Coke 
use to the exclusion of other types. Senaihbe 
i aes Pan me ‘a Sensibl 
rhey are all worthy subjects of dis . CO. For ~— Epes mele 
cussion from an operational stand- Tron per cent Melting Preheat Gases Developed 
point, which is outside the scope of 7 9 4370 3896 1698 4391 
i 436° ‘ 7 1355 
this paper. I 13 $369 5078 1811 3097 
Before attempting any radical de- 
parture from present standards, a 
clear-cut analysis should be made of Table 12 
the amount and reasons for present Proposep Hor BLast PRACTICE 
wastes and to locate definitely the ce Sensible Meck Pott 
7 : . Ms Oz — Sens ~ otal in 
bottleneck in the melting zone which COs, Per Btu. In Pre- Com- 
. ae . Lb. per COs, Lb. Devel- heated In bustion Und ta 
fixes melting limitations. Iron cent 1b. Iron oped Blast Coke Zone elot ntial 
This analysis will point out a de- 11 3. O84G «CWDS 9318 1600 1260 12178 377 JIDI 
. , 919 ‘ © » 16155 
ficiency of heat below the bottleneck 16 15 «6212 13 10757 = 1800 1260 13817 2358 ie 























¢ cupola efficiency. For 
of analysis, the distri- 
yotential heat from a 
ind ‘ke is divided into four 
" that portion which is 
d second, the portion 
1 fi ting purposes; third, the 
d for preheating iron, 
tone; and fourth, amount 
‘ waste heat in the effluent gases. 
Summarizing these quantities, the 

xtremes are found in the 


followit 
range of 7 Ib. to 11 Ib. of iron melted 
ver Ib oke used. See Table 11. 
In Table 11 the limited amount 
f heat available for melting is the 
itstanding feature. This is be- 


ause, as previously mentioned, the 
only heat available for melting is 
that part of the heat in the gases in 
he melting zone having a tempera- 
ture above 2500° F. 

When the temperature of the 
gases is reduced to 2500° F. or there- 
abouts, its usefulness for melting 
ceases and can only be used for pre- 
heating iron, coke and limestone, 
ind expelling moisture from the 
narges. 

Table 11 indicates that there is a 
very liberal amount of heat left over 


after preheating has been accom- 


lished, as indicated by the tempera- 


ture of 800° F. in the effluent gases 


which are delivered to the atmos- 
- 


nere 


If the equivalent of this waste 


PERCENT CO, 
Plant He. 





NOON 
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Fig. 11—Chart from an automatic CO, recorder showing 85 per cent com- 
bustion efficiency in pre-heated blast cupola practice. 


could be carried to the combustion 
zone and added to the amount of 
heat developed by combustion, the 
temperature of the gases in the com- 
bustion zone would be raised ap- 
proximately 600° F. and practically 
the entire amount of additional heat 
would be used for melting purposes. 

The possibilities of a decided in- 
crease in cupola efficiency is thus 
very obvious and strongly indicates 
that the following economies are not 
too difficult of attainment: 

First, the development of 25 per 
cent more total heat from a pound 


Fig. 10—U sual range of variations in cupola practice with blast pre-heated to 


WW" F. Showing the relation of iron to coke ratios, varying biast pressures, 


ur volumes to rate of melting, temperature of the iron, efficiency, and 


rate of combustion. 
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OR IN TONS PER HOUR INA 60° CUPOLA 


of coke than is ordinarily produced; 

Second, the reduction of the coke 
charge 33'/, per cent without reduc- 
ing the iron charge; or 

Third, an increase in the iron 
charge 50 per cent without increas 
ing the coke charge. 

To accomplish this, it is evident 
that the amount of heat used for 
melting must be increased 50 per 
cent, or, say: 

4400 Btu.+ 2200 Btu.=6600 Btu. 

The question then arises, How 
can the additional 2200 Btu. be in- 
troduced into the Combustion Zone 
in addition to the amount of heat 
ordinarily developed? 

Under ordinary practice, an 
amount of air almost equal to the 
weight of the iron is introduced into 
the Combustion Zone at atmospheric 
temperature and leaves the cupola in 
the effluent gases at a temperature 
of approximately 800° F., represent- 
ing a total loss as far as this amount 
of heat is concerned. 

If the temperature of the air of 
combustion could be increased 800° 
F. prior to entering the Combustion 
Zone, this entire waste would be 
prevented. 

Referring to Table 34 on page 
536, in the column under 800° F. 
Preheat, it will be noted that the 
Btu. in the air required for combus- 
tion of one lb. of coke for stages 11 
per cent to 15 per cent CO, is 1600 
Btu. and 1800 Btu. respectively, 
which corresponds with the heat loss 
in the effluent gases in Table 11. 

This additional heat is produced 
without additional coke or air, hence 




























































































































































































Fig. 12—Sensible heat content of 


slag above 32° F. 


there is no deduction for forming 
slag from the ash of coke, for heat 
carried off in the effluent gases, or 
for loss of efficiency resulting from 
aqueous vapor in the combustion 
zone, Consequently all the additional 
heat is used for melting more iron 
and for increasing the temperature 
of the reducing and 
melting zones 

Further beneficial action of the 
increased heat is a decrease in the 
CO, concentration in proportion to 
the amount of heat developed. The 
oxidizing agent in melting iron is 
the CO, in the gases of combustion, 
therefore the greater the concentra- 
tion of CO, the greater oxidation of 
silicon, manganese, iron, etc. 

Inasmuch as the higher concentra- 
tion of CO, indicates a greater de- 
velopment of heat the objective in 
securing the highest cupola efficiency 
is to develop the highest possible 
percentage of CO, without increas- 
ing normal oxidation. 

It is shown in Table 11 that for 
each pound of iron melted 15/100ths 
of a lb. of CO, passes through the 
melting zone, and inasmuch as the 
problem is to increase the number 
of pounds melted per lb. of coke con- 
sumed it will be possible to increase 
the concentration of CO, by 2 per 
cent without increasing the tendency 
towards oxidation. In fact, the CO, 
per lb. of iron melted will be re- 
duced to 0.13 Ib. 

If the percentage of CO, is in- 
creased from 9 per cent in the cold 
blast to 11 per cent in the hot blast 
cupola, it will be found by referring 
to Table 26 on page 533 that 
the amount of heat developed per 


combustion, 
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Heat BaLance—800 


Table 13 
F. PREHEATED BLAst 


Basis: 1 Lb. Coke; Varying Iron Ratios; 


Volume Air Constant, 





Lb. Iron Melted—1 Lb. Coke 





Lb Coke 
For melting | Ton Iron 
For combustion to CO, 
For reduction CO, to CO 
Rate of disappearance, lb. per hr. 
Rate of melting, tons per hr. 
Per cent CO; in effluent gases 
Lb. Air 
For each lb. coke charged 
For each lb. coke burned 
For one ton iron melted 
Lb. Gases 
Per lb. coke disappeared 
Per ton iron melted 
Disappearance 1 Lb. Coke 
Per cent burned to CO, (A+B) 
Per cent reduction CO, to CO (2B) 


200 cfm. per sq. ft. cupola a 





Total per cent...... l 


Btu. Developed in Combustion Zone 
From combustion (A+ 4B) 
Sensible heat preheated (A+ 1B 
Btu. in preheated air, 800° F. 





Total Btu. developed in Combustion 
Zone a 
Sensible heat Reduction Zone (2B 





Total Heat developed below Melting 
Zone 
Temperature Gases in Combustion Zone 
(Theoretical) 
Btu. Loss Converting C 0: to CO 
Net Btu. developed 1 Lb. Coke 
Potential Heat not developed 





Total Potential Btu. 1 Lb. Coke 
Add Sensible Heat 





Total Below Melting Sone 
Temperature Fluid Iron in Melting Zone, 
2200° F. pane 

Temperature Iron as Tapped 













Degrees Superheat 
Btu. in Iron 

In Solid Iron in Melting Zone 

In Fluid Iron in Melting Zone 

In Iron as Tapped..... 

In Superheat 


Btu. Transferred from Gases in Combus- 
tion Zone 
Superheating Iron 
Formation and Superheating Slag 





Total Btu. 
Temperature Gases 
Reducing Zone 
Superheating Iron 
Preheating Coke 
Superheating Slag 

Reducing CO, to CO 





Total Btu. Transferred chia 
Temperature of Gases Top of Zone, ° F. 
in Melting Zone logics ibadibin 
Latent Heat Fusion........ 
Preheating Iron—200° F.. 
Preheating Coke—500° F.. 
Formation and Superheating Slag. 





Total Btu. Transferred.............. celle 
Temperature of Gases Top of Zone, ° F..... 
Total Heat Below Preheating Zone.. 
Total Btu. Remaining in Preheating 
Zone RE A 
Btu. in Preheating Zone 
Preheating Iron to 2000° F... <# 
Preheating Coke to 2000° F................. 
CORRCORI EACSOOMES ....5.5.0000scccescsccseeces 
Reducing CO, to CO 
Btu. to Preheater.... 





Total Btu. Transferred 
Btu. in Effluent Gases... 
Temperature, ° F. 





1] 12% 13% 
181.8 163.3 148.1 
129.4 120.3 113.1 
52.4 43.0 35.0 | 
123.4 119.1 115.0 
.679 730 .776 
11.0 12.0 13.0 
7.85 8.13 8.42 
11.03 11.03 11.03 
1427 1328 1247 
75 9.03 9.32 
1591 1475 1380 
71.15 73.68 76.35 ) 
28.85 26.32 23.65 2 7 
00.00 100.00 100.00 10 
9318 9649 9998 67 
900 930 960 
1585 1640 1700 t 
11803 12219 12658 2 
360 330 300 26 9 
12163 12549 12958 7 
4450 4450 4450 445 
1519 1386 1245 109 
7799 8263 8753 927( 
5296 4832 4342 3825 9 
13095 13095 13095 13095 | 
1260 1260 1260 1260 f 
14355 14355 14355 14355 14 
2200 2200 2200 2200 8 22 
2810 2760 2725 2700 % 
610 560 525 500 
3608 4018 4428 1838 
4774 5317 5859 6402 6944 
6320 6897 7492 8101 8714 
, 1546 1580 1633 1699 1] 
Heat Taasasen 
515 523 544 56 
530-495 460 425 
: ; : aon ‘ 1045 1018 1004 99] 
Top of Zone, ° F. in 
i ae 3890 3900 3920 3930 
1031 1047 1089 1133 8 
235 235 235 235 ? 
2770. 25 MO 225 (2 
1133 1034 930 818 
2669 2571 2494 241! 2 
3250 3300 3350 5390 4 
792 882 972 1062 
374 417 459 502 
245 245 489245 892452 
160 160 160 160 160 
1571 1704 1836 1969 210! 
2750 2780 2810 2840 28 
5285 5293 5334 5 4K 
6878 7256 7624 § 84 
3608 4018 4428 + de 
780 780 780 
490 490 490 
386 352 315 - 
777___—* 875994 _1323 
sialais 6041 6515 7007 7 8079 
Se NES 837 741 617 ) 
610 550 480 - 
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: 
Table 14 Sass ; 
. s 
Heat BALANcE—800° F. PREHEATED BLAS? t+—+—+.-4 + 4s 
1 Lb. Iron; Varying Coke Ratios; “ 4 
Volume Air Constant, 200 cfm. per sq. ft. cupola area eee Se aS ee ee 
i—1 Lb. Coke  —i 12% 13 14% 16 58 a a ee ee 
i “5 7 3 1 
| . - as - . > a _ 
| , ton iron 181.8 163.3 148.1 135.6 1954 > J 
| lb. iron 0909 O816 O74 0678 0625 = 600} , , 5 +4 j 
. combustion to CQO, 71.15 73.68 76.35 79.17 82.14 } 4 | 4 Pas 
| ; juction CO, to CO 28.85 26.32 23.65 20.83 17.86 | | | a | 
la Area t y, 
| | | d per hi 123.4 119.1 115.4 110.9 106.9 i wri 
per hr 679 730 776 818 853 200+ ++ 
p QO, in effluent gases 11.0 12.0 13.( 14.0 15.0 a 
| see = 2 | 
, melted 14 bb4 624 9)? rhb 
| burned 1.00 900 815 796 688 : . 
| f n melted 1427 1328 1247 1184 1133 BF; 13—Sensible heat content of 
245 | ? ee i as carbon above 70 F. 
| | ised per lb. iron 95 } 690 655 623 
B24 | | ised per ton iron 1591 1475 1380 1306 1945 
17.86 | f Coke Per Lb. Iron 
| . 7 565 529 599 . . 
} | to CO: (A+ AB) 004 0601 = .0965 = .053 Ice lb. of coke will be increased 600 
| J n CO. to CO (%2+8B 0262 0215 0175 0141 0113 B 1; , 19 
ses | 0909 O8 lb 0740 0678 0635 ., am a SS ee “ . 
;| ed in Combustion Zone per cent in the cold blast is in- 
| | istion (A+ 2B 847 787 741 703 672 creased to 15 per cent in the hot . 
| s t coke (A+ %B 82 76 7! 68 65 bl “os . aed detente 
i ¢ t blast, 800° F. 144 134 126 119 114 last, the amount o! heat develope 
| - - - . . ~ 
2 developed in Combustion per lb. of coke will be increased 750 
‘ Z 1073 997 938 890 851 Btu. Table 12 shows data on Pro- 
S t ing 2 > l/, .3 7 9 ; : 
. Re duc ing Zone 2B , — a - a me 2. 18 7 14 posed Hot Blast Prac tice 
t developed below Melting . , 
7 ‘ 1106 1024 960 908 865 From the above data the detailed 
e Gases in Combustion Zone +450 1450 1450 1450 1450 heat balances in Tables 13 and 14 
| Btu. Loss Reducing CO, to CO 138 113 92 74 59 See ee 
9 | Net B veloped from coke per Ib. iron 709 694 648 629 614 ~— ae d. — cod 
| Heat not developed: The foregoing data in Table 15 is 
i ron melted) $82 394 322 259 205 } : yy . : a 
2t = - ~ shown in graphic form in Fig. 9. 
. | | tial Btu. in Coke per lb. iron 1191 1068 970 888 819 Bray 5 i 
F | Add Sensible heat in coke 114 103 93 85 79 Hi 
<a — - - Heat Balances b 
99 Btu. below Melting Zone per |b. iron 1305 1171 1063 973 898 = ; Hi 
968 t Fluid Iron in Melting Zone 2200 2200 2200 2200 2200 The heat balances for preheated 
. re Iron as Tapped 2810 2760 2725 2700 2680 blast in Table 13 are shown in Fig | 
Deg f Superheat 60 925 00 480 : gat : ‘ 

Lb. Iron 10, which indicates the relationship 
nq In S Iron in Melting Zone 328 328 328 328 328 for all coke and iron ratios and vari- 
87 in Fiued inom i Melting Zone “4 “8 +4. £54 #54 ous blast volumes to combustion effi- | 

In I is Tapped 74 963 55 949 45 : oy: 
In Superheat é 140 129 121 115 111 ciency, temperature of iron at the 
Heat TRANSFER TO | Lp. IRON tapping hole, ahd rate of melting. 

Transferred from Gases in Combus- Figure 11, a reproduction of a 
S heating Iron 16 13 10) 38 27 chart from an automatic CO: re 
Formation and Superheating Slag +8 +0 3 29 24 corder indicates the high efficiency 
Btu 95 83 74 67 61 of combustion permissible in pre- 

ure Gases Top of Zone, ° F. in st lle ee 

Zone 3300 3900 3920 3930 3940 heated blast practice. 

U S heating Iron 94 85 81 76 74 In the foregoing tables the heat 
1 Preheating Coke . 22 19 17 16 15 balances have been made up from : 
“ S) heating Slag 24 21 17 15 13 ° 

: Reducing CO, to CO 103 57 16 39 44 two standpoints: 

Je tal Btu. Transferred . 243 183 162 146 145 First—Basis 1 lb. Coke. It is 
emperature Gases Top of Zone, ° F. in mo ene , ari / 
‘4 M, + 3950 3300 +«3350.:«s3390~=« 3440 often convenient to follow the vari 
2 Latent Heat Fus; 79 79 79 79 72 ous phases of 1 lb. of coke as it 
: usion 72 72 2 2 2 
iting Iron—260° F. 4 34 4 34 34 passes through the cupola in the de- 
; Preheating Coke—500° F. 22 20 18 16 S ‘elopment of heat in the busti 
= i tion and Superheating Slag i> aaa: Ser! 10 Vesopen - ' - - in ; xe COMDUS — 
10 Ben. Tenndieeced 143 139 136 133 131 zone and its distribution to the vari- 
8 emperature of Gases Top of Zone, ° F. 2750 2780 2810 2840 2570 ous purposes for which it is used. 
+08 Heat Below Preheating Zone 05 37 359 A ne . 
is Sew prehesting sone = ws 6 sate 358 Hence Tables 7 and 13 have been 
' Btu. Remaining in Preheating . 
, Lone 625 592 609 553 527 prepared on the basis of 1 lb. of 
42 “ Preheating Zone coke, with varying iron ratios and 
- iting Iron to 2000° F. 328 328 328 328 328 ieee al : = Chir tool 
iting Coke to 2000° F. 7] 64 58 52 49 constant air volumes. 1er Dal- 
t ning Limestone ......... 44 40 36 33 31 ances have been prepared for each 
£50 R : ’ ‘ 4 OT 92 4 . . se r 
: ing CO, to CO 35 29 <o 18 15 air volume shown in Fig. 1. These, 
a to Preheater 70 71 74 79 82 } 4 , 
" : aan — _ - - _ ( (eve g ( _ e 
79 Btu. Transferred 548 532 519 510 505 n ywever, are too Vv ) uminous to D 

f ig Effluent Gases... ; 74 61 46 33 99 incorporated into this paper. 

- i ture ; ; 5 5( d 39 » . . 
—_ res F. i dati : 610 td 480 +00 320 Second—Basis 1 lb. Iron. It is 
: 










































































instructive to note the relation of the 
heat absorbed by 1 Ib. iron to the 
total heat developed, also its rela- 
tionship to the heat absorbed for 
miscellaneous purposes. Hence Ta- 
bles 8 and 14 have been prepared 
on the basis of 1 lb. of iron, with 
varying coke ratios and constant air 
volume. 

To clarify further the heat bal- 
ances recorded in Tables 7 and 13, 
and to make their application more 
definite, the quantities representing 
the distribution of heat have been 
broken down and classified in Tables 
10 and 15 according to the purposes 
for which the heat is used. The 
total heat developed is separated 
into two parts: First, for melting, 
and Second, for preheating. 

This division is of fundamental 
importance in developing higher 
overall thermal efficiencies. The ob- 
jective throughout in the prepara- 
tion of heat balances and summaries 
of distribution is to point definitely 
to the fundamentals which regulate 
cupola efficiencies and point out why 
certain cupolas are operating at a 
30 per cent efficiency when 70 per 
cent is easily within the range of 
possibility. 


Summary 


The following summary in Table 
16 drawn up from the foregoing 
tables has been prepared as a view 
of the entire field of cupola prac- 
tice, showing how the various effi- 
ciencies are built up and why it is 
essential to concentrate as much heat 
as possible below the Melting Zone. 

In this summary it is assumed 
that 2400° F. is the lowest tempera- 
ture suitable for melting purposes, 
which occurs when the coke ratio is 
at the highest point or vice versa 
when the pounds of iron melted per 
lb. of coke is the lowest; and that 
for each additional pound of iron 
melted per pound of coke, the tem- 
perature of the gases should be in- 
creased 50 degrees. 

This, of course, is an approxima- 
tion, but seems to fit actual experi- 
ence. There is no significance to the 
units and tens used in the Btu. quan- 
tities, but as a matter of mathe- 
matical convenience in_ balancing 
calculations they have been retained. 
See Table 16. 

This summary is the final affirma- 
tive answer to the questions raised 
on p. 523: 
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DISTRIBUTION OF HEAT 


11 Lb. Iron 


Potential heat 
ll per cent CO: develops 


Undeveloped 


Table 15 


TRANSFER THROUGH 


13095 Btu 
9318 + 1260 + 1585 


3777 Btu 


THI 


12,163 Bru 





Com- Total 
bustion Reduc- Below 
Transfer of Btu. in Iron Zone ing Melting Preheat 
*reheat 374 74 
Latent heat fusion 792 792 
Superheat 515 1031 1546 
otal 515 1031 1166 712 
Coke Preheat 235 245 480 
Slag—-Formation and Superheat 530 276 160 S60) 
Reduce CO: to CO , 1133 1133 
Calcine Limestone 
To Preheat Blast 
Effluent Gases 
Total . 1045 2269 1571 5285 
1244 Lb. Iron 1 Lb. Coke, air 200 cfm. preheated to 


Potential heat 
12 per cent CO: develops 


Undeveloped 


~ 


‘ransfer of Btu. in Iron 
Preheat 
Latent heat fusion 
Superheat 


Total 
Coke Preheat 
Slag—Formation and pene 
mt CO: to CO ; 
Calcine Limestone 
To Preheat Blast 
Effluent Gases 


13095 Btu. 
9649 + 1260 + 1640 


3446 Btu. 


Com- 
bustion Reduc- 
Zone ing Melting 
417 
882 
523 1047 
523 1047 1: 299 
235 245 
495 255 160 
1034 
1018 2571 1704 


12,549 Btu 


Total 
Below 

Preheat 
882 
1570 
2869 
480) 
910 
1034 


5293 








13% Lb. I — 1 Lb. ¢ 


Potential heat 
per cent COs: develops 


Undeveloped 


Transfer of Btu. in Tron 
Preheat 
Latent heat fusion 
Superheat 


Total .... eT Tr erce 
ERE RE eer 
Slag—-Formation and Superheat...... 
ee CO: to CO a PES RE 

Calcine Limestone _ ae 
To Preheat Blast 
Effluent Gases .. 


Total 


loke, air | 
13095 Btu 
9998 + 1260 + 1700 12,§ 
3097 Btu 


Com- 


bustion Reduc- 
fone ing Melting 
459 
972 
544 1089 
544 1089 1431 
235 245 
460 240 lov 
930 
1004 2494 1836 


200 cfm. preheated to 


8 Btu 


Total 
Belou 

Preheat 
459 
972 
1633 
5064 
480) 


860 
930 


5334 


( 


1 Lb. Coke, air 200 cfm. preheated to 8 


8U } 
f 
741 
B00" | 
Pre} 
44 
4421 
4% 
994 





14% Lb. Iron 


Potential heat 
4 per cent CO: develops 


Undeveloped 


Transfer of Btu, in Iron 
Preheat 
Latent heat fusion 
Superheat 


Total . Re 
Coke Preheat sc snehassawinnahads 
Slag—-Formation and Superheat 
Reduce CO: to CO és 
Calcine Limestone 
To Preheat Blast 
Effluent Gases . 


Total 


10367 + 1260 + 1760 


2728 Btu 


13,387 Btu 


1 Lb. Coke, air 200 cfm. preheated to 800° I 
13095 Btu. 


for me 


4% 





16 Lb. Iron 1 Lb. Coke, 


Potential heat ‘ 13095 Btu. 


15 per cent CO: develops 


Undeveloped 
Transfer of Btu. im Tron 
Preheat . 
Latent heat fusion ie 
Superheat es sndhanGesness 
Total ... 
CEE oo ne ncnccscviasiaceneane 


Slag—Formation ‘and ‘Superheat eas 
Reduce CO: to CO 
Calcine Limestone 
To Preheat Blast 
Effluent Gases ........ 


;. io“ skuvenddaneesare 


for me 


Com- Total 
bustion Reduc- Belou 
Zone ing Melting Preheat 
502 502 
1062 1062 
566 1133 1699 
566 1133 1564 $263 
235 245 480) 
425 225 160 810 
818 818 
991 2411 1969 5371 _—*8 
air 200 cfm. preheated to 800° ! 
10757 + 1260 + 1825 = 13,842 Btu. 
2338 Btu. 
Com- Total 
bustion Reduc- Below 
Zone ing Melting Preheat 
544 544 
1152 1152 
590 1180 1770 
590 1180 1696 3466 
235 245 480 
390 210 160 760 
702 702 
980 2327 2101 5408 


























4% 





\ 
Cold Blast _ Preheated Blast 
i, per Lb. Coke 7 9 1] 11 13% 16 
per cent , 9.0 11.0 13.0 11.0 13.0 15.0 
: b. coke........ : 8.23 8.75 9.33 8.75 9.33 9.96 
ph > t 2500° F. . .281 .283 = .285 283.285 ~—.287 
age i by combustion 8704 9318 9998 9318 9998 10757 
1 Ib. coke (3000° F.) 1260 1260 1260 1260 1260 = 1260 
- Preheated Blast 
ee 1585 1700 1825 
| veloped . 9964 10578 11258 12163 12958 13844 
F : 3900 3860 3800 4360 4320 4290 
Be loped 4391 3777 3097 3777 3097 2338 
ir t, | Ib. Coke 13095 13095 13095 13095 13095 13095 
| Require mperature Gas Top Melt- 
ae 2 bbe 2400 2500 2600 2650 2750 £2850 
| veseeeeee 19752 21875 24258 23187 25657 28386 
¢ PRET DRE SE Pee? .278 .282 .286 .286 ~=§.291 .295 
ivailable for melting. . 5491 6190 6962 6631 7466 8374 
ivailable for melting . 4473 4388 4296 5532 5492 5468 
a», chown in Tables 7 and 13.......... 4370 4342 4369 5285 5334 5408 
, Btu per lb. gas developed.............. 1210 1210 1210 1390 1390 1390 
Ava e for melting............. = 543 502 462 632 589 549 
Not available for melting..... rate 667 708 748 758 801 841 
Distribu n of Heat 
Preheat Iron seoben 2534 3258 3982 3982 4887 5792 
Latent Heat Fusion : 504 648 792 792 972 1152 
Superheat 2 ca ; 952 999 1067 1546 1633 1770 
Total Btu. Absorbed by Iron .. 3990 4905 5841 6320 7492 8714 
lemperature Iron at Tapping Hole.... 2790 2680 2620 2810 2725 2680 
Btu. for Developing Slag...................0+ 880 780 730 960 860 760 
Btu. for Calcining Limestone............. 370 370 370 490 490 490 
Btu. for Reducing CO, to CO............... 1766 1519 1246 1519 1246 940 
Btu. for Preheating Coke............... . 1260 1260 1260 1260 1260 1260 
Btu. for Preheating Blast. iGies — . — 777 994 1323 
Btu. in Effluent Gases...... ccssccee OO «6746 = 1811 837 617 355 
Total Exclusive of Iron..... we 9974 5673 5417 5843 5467 5128 
Efficiency of Combustion wee 66.47 71.15 76.35 71.15 76.35 82.14 
Efficiency of Absorption wees 45.83 52.64 58.41 67.83 74.93 81.00 
Werall Thermal Efficiency.................. 30.5 37.4 446 48.3 57.2 66.5 








Table 16 
or ConpiTIons Wuicu Contro.t Cupo.a EFFICIENCIES 





























|.Can the heat developed from a 


pound of coke be increased 25 per 


cent? 3 


2.Can the coke charge be reduced 


334 per cent without reducing 


the iron charge; or 


. Can the iron charge be increased 
50 per cent without increasing 











Table 17 


Some Data on Hor Briast CupoLa OPERATION 


Average Cupola 
Plant Daily Diameter, 

\ Tonnage in. 
I 251 78 
111 57 
128 67 
4 222 74 
d 56 66 
6 197 76 
/ 143 66 
8 74 64 
157 71 
116 60 
123 60 

tal: 1578 tons 


e Saving Per Day 


80 Ib. coke per ton melted, at 65 cents = $1,025. 


. 


Exclusive of Bed. 


— 


Lb. Coke 

Tons Used for 

Melted Melting 

Per Hr. One Ton* 
24.9 150 
13.4 147 
18.1 148 
23.5 156 
17.4 146 
22.9 155 
18.2 153 
21.0 146 
18.5 156 
14.5 149 
16.7 134 
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the coke charge? 

A good average in ordinary prac 
tice is 9 lb. iron melted per Ib. of 
coke. This is to be increased to 134 
lb. 

The summary indicates: 

1. Btu. developed—1 lb. 

coke; 9 to 1 ratio 9.518 

Btu. developed—1 lb. 

coke; 13% to 1 ratio..11,698 


Increase ..... i 
Per cent Increase............... 26.0 
2.Lb. coke per ton 
melted; 9 to l ratio 222.2 
Lb. coke per ton 


melted; 13% to 1 

I icincscconehionlion’ . 148.1 
EE cacicdecienenien 74.1 
Per cent Saving................ 33.4 

3. Iron per lb. coke— 

i py eee 9 

Iron per lb. coke— 

13% to 1 ratio.......... 13% 
een 44, 
Per cent Increase.............. 50.0 


These results indicate that from 
a thermal standpoint there is no rea- 
son for not using the increased effi- 
ciencies. 


Savings Are Substantial 

An objection may be raised that 
the foregoing analysis of the possi- 
bility of improvement in cupola effi- 
ciency is only a theory. However, if 
it is not practical it is not theoretical. 
The proof of the pudding is in the 
eating. 

The conclusions seemed to rest on 
a sufficiently firm foundation to the 
executives of a large chilled car 
wheel industry, melting above 400,- 
000 tons of iron annually, to author- 
ize the expenditure of $100,000 for 
research regarding the advantages 
of preheated blast, on a productive 
basis. 

The program finally resulted in 
converting eleven cupolas from cold 
blast to preheated blast which have 
been in operation ten years or more, 
Recent results are shown in Table 
17. 

A report of the auditor of the 
company operating these cupolas 
shows that since starting the use of 
the preheated blast, a saving in fuel 
has been made of $1,500,000, after 
writing off $260,000 for depreciation 
of equipment incidental to preheat- 
ing the blast. At the present rate 
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Fig. 14 (Top)—Relationship of 
Mean Specific Heat to the tempera- 
ture of gases of combustion. 


Fig. 15 (Center)—Btu. developed 

from combustion of 1 lb. of cokes of 

various carbon contents and for vari- 
ous stages of combustion. 


Fig, 16 (Bottom )—Cu. ft. and lb. of 
air required for combustion of 1 lb. 
of cokes of various carbon contents 
and for various stages of combustion. 


of output, 1,500 tons per day, the 
saving to the company from these 
eleven cupolas amounts to $300,000 
per year. 

The variations in coke ratios in 
the eleven cupolas reported above 
indicate that personal preference is 
still the controlling item in fixing the 
limits of coke ratios. The lowest 
ratio of 134 lb. per ton melted is not 
because the blast was preheated to 
a higher temperature, for the re- 
verse is the case, but a higher stage 
of combustion is being used, which 
was the purpose in introducing Fig. 
11, in which the CO, was developed 
at 16 per cent in comparison with 
Fig. 6, where the development of 
CO, was 13 to 14 per cent. 

Neither the degree of preheat nor 
the stage of combustion alone fixes 
the efficiency of operations ; there- 
fore important regulation can still 
be made regarding the rate of com- 
bustion and the rate of melting in 
comparison with cupola efficiency. 


Preheated Blast Used 

Many cupolas with preheated 
blast have been installed in indus- 
tries other than the chilled wheel 
industry, the combined capacities of 
which are in excess of 2,000 tons 
daily. The capacities of these 
cupolas range from two tons to 30 
tons per hr. 

In the piston ring industry, where 
the daily output is small but quality 
of product is the prime objective, 
preheated blast has been used con- 
tinuously for a period of 15 years 
as an aid in meeting strict Govern- 


ment specifications. 


In cupolas of larger capacity the 


economy in fuel becomes the most 


prominent factor; hence quality of 
product and economy in fuel are the 
two items which invite the use of 
preheated blast. These varied in- 
stallations prove the essential cor- 
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Fig. 17—Chart shows se nsible heat 


content of gases above 60° F. in Btu. 





























ost Oe seeeesi ise Senses per lb. mol. To convert to Btu. per 
700 eae ttt pt tte pS Blast acueeeth lb. divide value chart by molecular 
60000 : 
60 { weight. Molecular weights for the 
‘ : Hasooo various Cases ate as follou ps CC ), 
a +440000 44; HO 18; H,—2; CO—28; 
3 35 1]35000 O,—32. (After Haslam and Russell.) 
<,. 30000 
2 25 +125000 
7 H. > rectness of the thermal balances 
a. ut nA recorded in Tables 13 and 14; and 
Pe 115000 $ also prove that the regenerative fea- 
a 7 ture is just as essential to the higher 
- | 3 efficiencies in cupola practice as in 
ee 10000 ; 
0 a ylast furnace and open hearth prac- 
- . 7 
e tice 
L. Ww y 
janes! a No attempt has yet been made to 
Lt tt re approach the maximum efficiency in 
_ttUSE LOWER AND o 
cE RIGHT HAND SCALES- the cupola. Blast furnaces would 
HHH PH not be constructed today without 
ene! provision for preheating the blast to 
is 1,400 or 1,600° F.; open hearth fur- 
t | naces for melting steel could not be 
| {2000 operated without the regenerative 
1 feature. 
T a8! 1m 8 Bt ro! As applied to cupolas, regenera- 
+44 tits piitisis , é is : é 
} } t++4edH] tion consists in taking the potential 
paers Ui I Jf Hi HitiH BE BEE, and sensible heat in the spent, efflu- 
8 $ 4 3 owe 3 oo 88 °o ° o oooc$ocsd 
- = N an Ow egw ~ @©o@ec Pal °o o» onsod 2° 
TEMPERATURE - DEGREES FAHR.Y “ 7 OTT 
Table 21 
Table 18 
R i] W Bru. Reguirep To Raise | Ls. 
, “OTITTRE SE .B. OF ATI Al ; 
Heat Regt IRED TO RalsE B. OI ATER on Gon eee Son 
Various TEMPERATURE 
: Gas 0° to 3600° F. 
Temperature Range, ° F. Btu. Calories ie 2405t + 00001198 
Standard Btu. from 39° to 40° 1.0000 253.4 Standard Gavan . 2401t + 000010402 
Normal Btu. from 60° to 61° 0.9945 292.0 Normal CO, . 1900t + .00006111t 
Normal Btu. from 70° to 71° 0.9935 251.7 Normal co 2405t + .0000119¢7 
32° to 212° , 2336t 4 , 
Mean Btu — 0.9947 252.0 Mean Air .2336t + .0000116t 
_— P 180° 
Table 19 Table 22 
Spreciric Heat or Some GASES Bru. Requirep To Ratse | Ls. 
i oF GAS FROM t' Tot 
a ——$ pec tfie Heat ~ <9 Q a F . 
G 0° to 3600° F. 3600° to 7200° F. Gas 0° to 3600° F. 
Nitrog .2405 + .0000238t .2044 + .000064t Nitrogen .2405t'-t + .0000119 (t*®-t*) 
Oxyger .2104 + .0000208t .1788 + .00006¢t Oxygen .2104t’-t + .0000104 (t'®-t’) 
CO 1900 + .0001222t 41 + .000038t Co, 1900t?-t + .0000611 (t*®-t?) 
| ne Ca Bene kee .2405 + .0000238t .2044 + .000064t co .2405t'-t + .0000119 (t*-t*) 
Aur omer pe .2336 + .0000232t Air .2336t'-t + .0000116 (t’®-t’) 
Water Vesitill cccessthieete codereetoss 42 + .000206¢ 59 + .00024t 
Table 23 
Table 20 
‘ . MEAN Speciric Heat or Some 
MEAN Speciric Heat oF Some GASEs 
Gases Between Two Speci- 
a —Mean Specific Heat-- aa FIED TEMPERATURES 
Ge 0° to 3600° F. 3600° to 7200° F. : eh ars im 
PROC ~ <.ccsrccisis iesastbbllnamiacssdenaeaaceben 2405 + .0000119t 2044 + .000032t Gas 0° to 3600° F. 
Meeen ole ee, ee 2104 + .0000104t .1788 + .00003t Nitrogen .2405 + .0000119 (t'+t) 
) ee SS! Sere eee oe . .1900 + .000061 It 41 + .000019t Oxygen . .2104 + .0000104 (t'+t) 
BAD .......essnsasciaesnsbeaundsncsisesceeamiacte .2405 + .0000119t .2044 + .000032t 8 .1900 + .0000611 (t'+t) 
Air PLES ee ee tase .2336 + .0000116¢t CO vecccceceeee 2405 + .0000119 (1? +t) 
Woter Vidhell i 42 + .000103t 59 + .00012t en .. .2336 + .0000116 (t?+t) 
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ent gases and using them for pre- 
heating the blast prior to combus- 
tion. By this means there is, in 
addition to the preheat of 1260 Btu. 
in each pound of coke as it arrives 
at the Combustion Zone, 1600 or 
1800 Btu. in the preheated air of 
combustion for each Ib. of coke. 

There is thus a continuous circu- 
lation of approximately 3000 Btu. 
for each lb. of coke that is taken 
from the comparatively low tem- 
perature at the upper part of the 
preheating zone and carried to the 
combustion zone through the media 
of preheated coke and air, where it 
reappears at the highest tempera- 
ture in the combustion zone. 

The marked increase in brilliancy 
and intensity of combustion pro- 


EcoNnoMIcs OF CupoLaA OPERATIO: 


proportionate to the amount of extra 
heat introduced by the warm blast. 

This is because, at the higher 
temperature, the chemical reactions 
and absorption take place with 
greater rapidity and the additional 
heat carries with it no additional 
gases to carry away heat through 
the stack; there is no additional ash 
to be converted into slag; also the 
dilution of CO, in proportion to the 
heat developed permits a_ higher 
stage of combustion, which is an- 
other source of increasing the heat 
developed. 

It is therefore quite evident that 
the regenerative feature results in 
saving in greater proportion than 
indicated by the additional heat de- 
veloped. 





to recommend any ty 
Its sole objective is 1 
thermal principles ir 
development and tra: 
which fix the found 
various efficiencies. M 
done to improve the 
these principles to dai 
Whether it will be 
preheat the blast in 
case will depend upon 
of the conditions exist 
cupola and the possih|: mies 
in fuel, or improvement qualit 
of iron that may be secured 
pared with the cost of remod 
the cupola for preheated prac 
This analysis is the functio; 
the executives of the plant. Ma 
agement has a far greater 1 


yy 











duces a saving in fuel entirely dis- It is not the purpose of this paper bility than is ordinarily assumed 
Table 24 
CoMPoOSITION OF GASES AND HEAT DEVELOPED FROM THE ComMBuSsTION or | [j 
1 2 3 4 5 6 7 8 9 10 
Total 
% CO Cu. Ft. 
Stage Lb Cu. Ft. Gases Developed by Combustion A @ B Total and Percent by Weight a 
of Com- Carbon CO co —— Nitrogen Cu. Ft. Lb. of ——Percent by Volume F 
bustion Burned 30A 30B 120A 60B 5 #6 Gas CO: co \ np 
0 A 0.00000000 ) Cu. ft. 0.00000 30.00000 0.00000 60.00000 60.00000 90.00000 0.0000 33.3333 6b. bbt 7 
B 1.00000000 § Lb. : 2.34000 nae 4.70700 4.70700 7.04700 0.0000 33.2056 66.7944 a 
I \ 0.03061224 ) Cu. ft. 0.91836 29.08164 3.67344 58.16328 61.83672 91.83672 1.0000 31.6667 67 ‘i 
B 0.96938776 { Lb. .11250 2.26837 -28818 4.56291 4.85109 7.23196 1.5557 31.3659 67.0784 « 
2 \ 0.06250000 } Cu. ft. 1.875000 28.12500 7.50000 56.25000 63.75000 93.75000 2.0000 30.0006 68.10 ny 
B 0.93750000 § Lb. 22969 2.19375 58838 4.41281 5.00119 7.42465 3.0945 29.5468 67.3592 a 
3 \ 0.09574468 ) Cu. ft. 2.87234 27.12766 11.48936 54.25532 65.74468 95.74468 3.0000 28.3333 68.6667 5 
B 0.90425532 § Lb. .35186 2.11596 .90134 4.25632 5.15767 7.62549 4.6143 27.7485 67.6372 af 
4 \ 0.13043478 ) Cu. ft. 3.91304 26.08696 15.65217 52.17391 67.82608 97.82608 4.0000 26.6667 69.3333 1.08 
B 0.86956522 § Lb. 47934 2.03478 1.22791 4.09304 5.32096 7.83508 6.1179 25.9701 67.912 a) 
5 \ 0.16666667 ) Cu. ft. 5.00000 25.00000 20.00000 50.00000 70.00000 100.00000 5.0000 25.0000 70.00% vy 
B 0.83333333 {§ Lb. .61250 1.95000 1.56900 3.92250 5.49150 8.05400 7.6050 24.2115 68.1835 ng 
6 \ 0.20454545 } Cu. ft. 6.13636 23.86364 24.54545 47.72727 72.27272 102.27272 6.0000 23.3333 70.6667 t 
B 0.79545455 § Lb. .75170 1.86136 1.92559 3.74420 5.66980 8.28286 9.0754 22.4724 68.4522 
7 \ 0.24418604 ) Cu. ft. 7.32558 22.67442 29.30232 45.34884 74.65116 104.65116 7.0000 21.6747 71.33 
B 0.75581396 § Lb .89738 1.76860 2.29877 3.55761 5.85638 8.52236 10.5298 20.7524 68.717 4 
8 \ 0.28571428 ) Cu. ft. 8.57143 21.42857 34.28571 42.85714 77.14285 107.14285 8.0000 20.0000 72.0000 «1.28 
B 0.71428572 § Lb. 1.05000 1.67143 2.68971 3.36214 6.05186 8.77329 11.9682 19.0513 68.9805 10m 
9 \ 0.32926829 ) Cu. ft. 9.87805 20.121951 39.51219 40.24390 79.75609 109.75609 9.0000 18.3333 72.6667 5S 
B 0.67073170 § Lb. 1.21006 1.56951 3.09973 3.15713 6.25687 9.03644 13.3910 17.3686 69.2404 
10 \ 0.37500000 ) Cu. ft. 11.25000 18.750000 45.00000 37.50000 82.50000 112.50000 10.0000 16.6667 on ese 
B 0.62500000 { Lb. 1.37812 1.46250 3.53025 2.94187 6.47212 9.31274 14.7983 15.7042 69.4975 M 
I \ 0.42307692 | Cu. ft. 12.69231 17.30769 50.76923 34.61538 85.38461 115.38461 11.0000 15.0006 74.0001 Wi 
B 0.57692308 { Lb. 1.55480 1.35000 3.98285 2.71558 6.69842 9.60322 16.1905 14.0577 69.751 x 
12 \ 0.47368421 )} Cu. ft. 14.21053 15.78947 56.84210 31.57894 88.42105 118.42105 12.0000 13.3333 74.6667 as 
B 0.52631579 § Lb 1.74079 1.23157 4.45926 2.47737 6.93663 9.90899 17.5678 12.4288 70,0034 
13 0.52702702 | Cu. ft. 15.81081 14.18919 63.24324 28.37838 91.62162 121.62162 13.0000 11.6667 75 33 i 
B 0.47297298 { Lb. 1.93682 1.10676 4.96143 2.22628 7.18772 10.23130 18.9303 10.8174 70.2525 : 
14 \ 0.58333333 ) Cu. ft. 17.50000 12.50000 70.00000 25.00000 95.00000 125.00000 14.0000 10.0000 76.000" ~ 
B 0.41666667 { Lb. 2.14375 .97500 5.49150 1.96125 7.45275 10.57150 20.2786 9.2229 70.498 
15 A ().64285714 | Cu. ft. 19.28571 10.71429 77.14286 21.42857 98.57143 = 128.57143 15.0000 8.3333 76.6667 
B 0.35714286 § Lb. 2.36250 83571 6.05186 1.68107 7.73292 10.93113 21.6127 7.6452 421 
16 \ 0.70588235 ) Cu. ft. 21.17647 8.82353 84.70588 17.64706 102.35294 132.35294 16.0000 6.6667 77 3333 - 
B 0.29411765 § Lb. 2.59412 68823 6.64518 1.38441 8.02959 11.31194 22.9326 6.0841 985 5 
17 \ 0.77272727 | Cu. ft. 23.18181 6.81818  —- 92.72727 13.63636  106.36363 13636363 17.0000 = 5.0000 78.00" . 
B 0.22727273 § Lb. 2.83977 .53182 7.27445 1.06977 8.34422 11.71581 24.2388 4.5393 1.2219 : 
18 \ 0.84375000 } Cu. ft. 25.31250 4.68750 101.25000 9.37500 110.62500 140.62500 18.0000 3.3333 6667 _ 
B 0.15625000 | Lb. 3.10078 36563 7.94306 .73547 8.67853 12.14494 25.5315 3.0105 48 7 
19 A 0.91935483 } Cu. ft. 27.58064 2.41936 11032258 4.83871  115.16129 145.16129 19.0000 1.666 79.3333 
B 0.08064517 § Lb. 3.37863 .18871 8.65481 .37960 9.03440 12.60174 26.8110 1.4974 on 
on A 0.10000000 ) Cu. ft. 30.00000 0.00000 120.00000 .00000 120.00000 150.00000 20.0000 0.000 30). 000" be 
B 0.00000000 § Lb. 3.67840 .00000 9.41400 .00000 9.41400 13.08900 28.0957 0.000% 1043 


A—Carbon burned to COz. 
B—Burned to CO. 
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—_ | 
economy It is the these materials of the cupola the chi ng out ’ 
management to re- \ orTeat responsibility rests upon 1) tching preparatiol a) nd hot | 
us costs of labor and the cupola ope rato It 1S his Thal tor acing | hed <« i ohti 
er ton of iron melted. tion to get the best out of the cupola nd burning the bed, placing th | 
ot course, is to fur- under fixed routine conditions estab- charges; limestone na urite ratios | 
iolten iron of the de- lished by the management iZ nd reactance f coke, blast 
the foundry at the It is his responsibility to operat pressure which regulates volume of 
[here are a large num- the cupola smoothly and uniformly. ur per minute constant review of | 
es to be considered. without trouble at th tapping hole information furnished. by the volui 
ponsibility of the man- or slag hole. to prevent scaffolding meter, CO. record, humidity record 
irnish the facilities that with its tendencies toward hang-ups moisture content in cok making ; 
the best possible oper- and to guard against irregularities t| necessary adjustments to insure ; 
tions, with minimum of many kinds such as_ burning uniformity from tap to t 
| labor costs, for pro- through the shell, run-outs at the All of these items are of impor 
highest possible quality hottom. free ze-ups, and all ether ills tan ind worthy of detailed anal 
[he industry would be which at times baffle the operator is by competent technicians 
efitted by complete Che skillful operator avoids thes: The metallurgical staff has the 
ll materials which are troubles, and at the same time pro important responsibility of prepar 
| foundry such as coke, duces the hottest iron, free from ing specifications for a material 
y and other patching oxidation, with the least amount of which enter the cupola or are used 
\t present experience is fuel. in its construction and maintenance 
lide to the choice of Much depends upon the make-up Inasmuch as the air used for cor 
bustion is practically of the same 
weight as the iron charged and is 
the most conspicuous item in cupola 
ce ntrol. it is important that th / 
¥ N IN A GUPOLA ‘ i 
quality of the air should be conta 
15 if 17 i 19 2 Q 2 ; : 
inated as little as possible 
io) i | 
Stage The main adulterant is aqueous 
Sritish herm , ] 
a 2 ie ( oa it sas ha vapor which is indicated on the hu 
Total 14550A 4350B Total 1-Li eloped Heat Gase tion midity recording chart An excess 
f ¥ =e OR) , ; 
oe) r) ». S509 ol humidity 1s definitely obiection- ‘| 
6.1300 000K $350 $35 617.3 102M °679 et | | 
* -- anne . able on account of its tendency to 
. 8.2795 445 
® 1 - > ; 
6.3176 421 1662 644. 88 2700-239 ward hardening the iron by increas 
‘ 5987 ar . ° 
— ned , : eat : ing the silicon loss and reducing the 
169 6.5132 4078 198 671 95¢ 272 24 . / 
0 : 7 83.2296 1303 total carbon, in addition to the defi- 
6.7169 3934 5327 698.6 9223 2741 255 nitely undesirable effect of hydrogen 
. 85.8567 (898 ~ 
“ ‘ 6.9295 3793 568] 395 8869 276 9625 ' as an occluded gas in the iron 
- ’ 88.6085 2425 Studies should be made to deter- 
f 1316 3625 6050 751.2 Boi oi 2699 mine ways and means of eliminating 
4 91.4855 2976 ; 
: 7.3838 461 6436 7 8114 281 2765 6 or correcting, the effect of excess 
- ' 94.4962 3553 moisture carried to the Combustion 
7.6268 3288 8 802.7 7708 83 83 
* nM as 3 3288 6841 2 } 2834 283 Zone by the blast 
19 97.6507 4157 ; 
7.8814 3107 7264 828. 286 2859 2895 Che re 18 a special opportunity for 
. . 
100.9589 4791 improving th specifications for coke 
8.1484 2918 7709 853.1 6841 2884 296% 9 ' 
ee ee brick for cupola lining and various 
cn , 104.4330 5456 %* 
4 8.4288 2719 8175 877.8 f ) 2009 TT othe types ol pat hing material 
x 108.0831 6156 with special reference to economy 
vay 65 8.7234 2510 8666 2.4 884 2934 ) 1! : 
’ 111.9278 6892 in their use : 
5 9.0337 2289 9181 926.5 369.2959 313 12 The Cupola Handbook | 
2 : ' 115.9793 7668 Much has been done along these ; 
: "9 9.3607 2057 9725 99505 425 is 185 I . : 
x ye) é - . . : . : 
; 16 120.2564 8487 lines and appears in THe Cupowa ) 
f ‘3 42 9.7059 1813 10300 974.3 125 wO12 5235 14 HANDBOOK publi hed by the AMER ; ; 
- 4.7762 935 . 
i ye 3A = ICAN FOUNDRYMEN’S ASSOCIATION 
‘ 3 10.0707 1554 10908 997.9 642 503 5285 ame 
‘f 9 129.5625 10271 This book constitutes a very valu : 
a . J 10.4570 1279 11550 Ww21. MW) Wb? 3335 16 able contribution as a reference 
134.6399 11243 
| 9 10.8668 989 12232 1044.1 9318 —_ = ; encyclopedia for information relat 
140.0346 12277 ing to all these problems Phere 
_—— ~~. i oe isa8 We HD CU is always an opportunity for fur- 
if 6 145.7761 13377 
M4 11.7656 51 13728 1089.4 822 514 34 19 ther research into all details of 
{ ) : / 151.9017 14550 cupola efficiency The writer hop S 
12.2600 000 33 t 000 3164 3515 ) . 
+ ee 86S - ote — that these studies on fuel economy 
furnish an incentive for preparation 
of more complete reference tables 
: 1 
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Table 25 


> AiR REQUIRED FOR COMBUSTION OF | LB. oF CoKE 


oF Various CARBON CONTENTS, AND AT VARIOUS STAGES OF COMBUSTION: 





ALso RESULTANT HEat 


Cusic FEET AND POUNDS OF 

CO; Cu. Ft Lb Btu 
0.0 75.95 6.13 4350 
0.5 77.11 6.22 4505 
1.0 78.27 6.31 4662 
1.5 79.48 6.41 4824 
2.0 80.69 6.51 4987 
2.5 81.95 6.61 5156 
3.0 83.22 6.71 5327 
3.5 84.50 6.81 5502 
4.0 85.85 6.92 5681 
4.5 87.22 7.03 5864 
5.0 88.60 7k 6050 
§.5 90.04 7.26 6241 
6.0 91.48 7.38 6436 
6.5 92.98 7.50 6636 
7.0 94.49 7.62 6841 
yp 96.07 772 7050 
8.0 97.65 7.88 7264 
8.5 99.30 8.01 7484 
9.0 100.95 8.14 7709 
9.5 102.69 8.28 7939 
10.0 104.43 8.42 8175 
10.5 106.25 8.57 8417 
11.0 108.08 8.72 8666 
11.5 110.00 8.87 8920 
12.0 111.92 9.03 9181 
12:5 113.94 9.19 9450 
13.0 115.97 9.36 9725 
13.5 118.11 9.53 10009 
14.0 120.25 9.70 10300 
14.5 122.51 9.88 10599 
15.0 124.77 10.07 10908 
15.5 127.16 10.26 11224 
16.0 129.56 10.45 11550 
16.5 132.09 10.65 11886 
17.0 134.63 10.86 12232 
DR 137.33 11.08 12588 
18.0 140.03 11.30 12957 
18.5 142.90 11.53 13336 
19.0 145.77 11.76 13728 
19.5 148.83 12.01 14132 
151.90 12.26 14550 








Perce 


nlage 





Carbon 





DEVELOPED EXPRESSED IN BTU. 





Cu. Ft 








Cu. Ft Lb Btu Cu. Ft Lb Btu 

72.15 5.82 4132 68.35 5.52 3915 64.56 

73.25 5.91 4280 69.40 5.60 4054 65.54 

74.36 5.99 4429 70.4 1.68 4196 66.53 

75.51 6.09 4583 71.53 a7 4342 67.55 

76.66 6.18 4738 72.62 5.86 4488 68.59 

77.85 6.28 4898 73.75 5.95 4640 69.66 f 

79.06 6.37 5061 74.90 6.04 4794 70.74 

80.27 6.47 5227 76.05 6.13 4952 71.82 

81.56 6.57 5397 77.26 6.23 5113 72.97 

82.86 6.68 5571 78.50 6.33 5278 74.14 

84.17 6.79 5747 79.74 6.43 5445 75.31 f 

85.54 6.90 5929 81.04 6.53 5617 76.53 ty 

86.91 7.01 6114 82.33 6.64 5792 77.76 6 

88.33 7.12 6304 83.68 6.75 5972 79.03 6 

89.77 7.24 6499 85.04 6.86 6157 80.32 f 

91.27 7.36 6697 86.46 6.97 6345 81.66 bh 

92.77 7.49 6901 87.88 7.09 6538 83.00 7 

94.33 7.61 7110 89.37 7.21 6736 84.40 6 

95.90 7.73 7324 90.85 7.33 6938 85.81 6.9 

97.56 7.87 7542 92.42 7.45 7145 87.29 7 f 
99.20 8.00 7766 93.99 7.58 7357 88.77 7 

100.94 8.14 7996 95.62 7.71 7575 90.31 7 

102.68 8.28 8233 97.27 7.85 7799 91.87 7.4 

104.50 8.43 8474 99.00 7.98 8028 93.50 75 

106.32 8.58 8722 100.72 8.13 8263 95.13 6§ 

108.24 8.73 8978 102.55 8.27 8505 96.85 7.8 
110.17 8.89 9239 104.37 8.42 8752 98.57 7.96 
112.20 9.05 9509 106.30 8.58 9008 100.39 8.1 

114.24 9.21 9785 108.22 8.73 9270 102.21 8.2 
116.38 9.39 10069 110.26 8.85 9539 104.13 8.4 
118.53 9.57 10363 112.29 9.06 9817 106.05 8.56 7 
120.80 9.75 10663 114.44 9.23 10101 108.09 8.72 54 
123.08 9.93 10972 116.60 9.40 10395 110.13 8.85 9817 
125.49 10.12 11291 118.88 9.58 10697 112.28 9.0 
127.90 10.32 11620 121.17 9.77 11009 114.44 9.2 
130.46 10.53 11959 123.60 9.97 11329 116.73 { 
133.03 10.73 12309 126.03 10.17 11661 119.03 9.6 
135.75 10.95 12669 128.61 10.38 12002 121.46 9.8 
138.48 11.17 13042 131.19 10.58 12355 123.90 10.06 bf 
141.39 11.41 13425 133.95 10.81 12719 126.51 10.2 2 
11.65 13822 136.71 11.03 13095 129.11 10.42 













































for cupola operators. These tables 
represent only a preliminary study, 


hence, should be carefully revised. 


APPENDIX 

This Appendix contains Tables 
relating to the combustion of coke 
in cupolas which have been com- 
piled by the author at various times 
as the necessity for such tabulations 
arose. When put to practical use, 
large economies in coke require- 
ments have resulted. 

It seems proper to attach an Ap 
pendix to the foregoing paper for 
the purpose of recording a few of 
the more important tables, in con- 
venient form for reference, when 
calculating problems relating to the 
conservation of heat in cupolas, 





The tables have been prepared 
from time to time by the author as 
the necessity for their use arose. 
They are intended only for the solu- 
tion of ordinary problems relating 
to cupola economics and are not in- 
tended for the physical chemist in 
his studies of abstract problems. 

It also seems proper that there 
should be an explanation of the ori- 
gin of the constants on which the 
various tables are based. This in- 
volves the sources of heat, the me- 
chanics of combustion, and the 
fundamental laws which underlie 
the specific heat of the elements en- 
tering into, and the gases resulting 
from, combustion. 

Sources of Heat. The principal 
heat producing reaction is the com- 


bustion of carbon contained 


coke. In addition to this, ther 
small amount of heat produced ! 


the oxidation of miscellane: 
ments such as hydrogen 
silicon, manganese, iron, ¢t 
augment, to a small degre: 
heat produced. The amount 
that is developed in a chemi 
tion is often expressed in 
Btu. per mole volume 

The mole volume i 
system is the volume in 
occupied by the numb: 
of gas indicated by tl 
weight. The gram mo! 
liters. 

The mole volume, 
the British system of 
measures, is the volu 


















































the number of |b. of ated table of Atomic Weights, authors to consider 14,550 Btu. as : 
by the molecular Table 37 on page 538. the heat developed from 1| lb. carbon 
b. mole 359 cu. ft. In Table 37 the heat of formation obtained from coke. In certain re- 
paration of heat bal- is recorded for various combinations cent papers on cupola practice this 
t developed per mole that occur in cupola practice, also amount has been reduced to as low 
vn to the heat devel- the heat losses in the decomposition as 14,093 Btu 
of the material under of limestone CaCO, and the re lhese variations are explained by 
and since the mole duction of CO, to CO (CO, + C the studies made by the Carnegie 
sed upon the weight in 2CO) ; also the temperature of Institute of Technology Coal Re- 
ounds, represented by ignition for vmstat forms of carbon search Laboratory in collaboration 
| weight, it 1s conven- and hydrocarbons is shown with the National Bureau of Stand- 
| a available an abbrevi- It has been customary by many ards. (Contributions 71 of the Goal 
Researe h Laboratory ' 
Table 26 The cone lusions of these tests were 
that the heat of formation of CO 
( ric VALUE | Le. Coke or Various Carson Contents from graphite varied from 14,085 
FoR VaRIOUS CHEMICAL COMBINATIONS Btu. to 14,110 Btu.. which is in 
COs + ¢ close agreement with the more re 
( t Os - 2¢ amy pag — liable results obtained from the com- 
14550.0 4350.0 10200.0 8700.0 5850.0 bustion of diamonds 
14404.5 4306.5 10098.0 8613.0 5791.5 oe ba : ) 
14259.0 4263.0 9996 0 8526.0 3733.0 The result obtained from cok 
14113.5 4219.5 9894.0 8439.0 5674.5 carbon were consistently hight 
13968.0 4176.0 9792.0 8352.0 5616.0 largely on account of the small 
13822.5 4132.5 9690.0 8265.0 5557.5 amount ol hydrogen present. The 
4 13677.0 4089.0 9588.0 8178.0 5499.0 amount of hydrogen varied accord- 
13531.5 4045.5 9486.0 8091.0 5440.5 ing to the temperature of the prep- 
13386.0 4002.0 9384.0 8004.0 5382.0 in ; 
13240.5 3958.2 9282.0 7917.0 5323.5 aration of the coke; the lower the | 
13095.0 3915.0 9180.0 7830.0 5265.0 temperature the higher the hydrogen 
89 12949.5 3871.5 9078.0 7743.0 5206.5 content. 
88 12804.0 3828.0 8976.0 7656.0 5148.0 The variations from low to high | 
87 12658.5 3784.5 8874.0 7569.0 5089.5 97 
| ‘re 0.80 to 2. r ce » re- 
| ge 12513.0 3741.0 8772.0 7482.0 5031.0 cr en = pt aia “ Hi 
| Ss < a Ty Z ) . y hit 
| 85 12367.5 3697.5 8670.0 7395.0 4972.5 Sea oe Ce | 
| 84 12222.0 3654.0 8568.0 7308.0 4914.0 14,535 to 14,866 Btu. Inasmuch as | 
40 83 12076.5 3610.5 8466.0 7221.0 4855.5 cokes are prepared at the higher 
? 82 11931.0 3567.0 8364.0 7134.0 $797.0 temperature it would seem that the | 
BI 11785.5 3523.5 8262.0 7047.0 4738.5 usual 14,550 Btu. rests upon a sound 
| 80 11640.0 3480.0 8160.0 6960.0 4680.0 ? . , 
| basis and is used as the potential 
Table 27 
CoMBUSTION OF | Ls. or 100 Per CENT CARBON 
— —_———Portion of 1 Lb. Carbon——— —- —- ——— Btu 
urned to 
Stage of COz in For Developed m Lost in 
mbustion —In Effluent Gases—— Combustion Reducing Combustion Reducing 
CO in CO2 in CO Zone CO: te CO Zone CO:te CO Net 
A B A+ YB VB A+ YB VB Developed . 
6 .204545 .795455 .6062273 .397727 8763.1 2326.7 6436.4 
6.5 .224138 .775862 .612069 387931 8905.6 2269.4 6636.2 
7.0 .244186 .755814 .622093 .377907 9051.5 2210.8 6840.7 
: 7.5 .264706 .735294 632353 .367647 9200.7 2150.7 7050.0 ) 
nict 8.0 .285714 .714286 .642857 .357143 9353.6 2089.3 7264.3 
(Old 8.5 .307229 .692771 .653614 346386 9510.1 2026.4 7483.7 ) 
heat 9.0 329268 .670732 .664634 335366 9670.4 1961.9 7708.5 
5 351852 .648148 .675926 324074 9834.7 1895.8 7938.9 
.375000 .625000 .687500 .312500 10003.1 1828.1 8175.0 
. 398734 .601266 .699367 .300633 10175.8 1758.7 8417.1 
.423077 576923 .711539 .288461 10352.9 1687.5 8665.4 
.448052 551948 .724026 .275974 10534.6 1614.4 8920.2 
473684 526316 .736842 .263158 10721.1 1539.5 9181.6 
.500000 .500000 .750000 .250000 10912.5 1462.5 9450.0 
.527027 .472973 .763513 .236487 11109.1 1383.4 9725.7 
554795 .445205 .777397 .222603 11311.1 1302.2 10008.9 | 
583333 .416667 .791667 .208333 11518.8 1218.7 10300.1 
.612676 .387324 806338 .193662 11732.2 1132.9 10559.3 | 
.642857 .357143 821429 .178571 11951.8 1044.6 10907.2 / 
.673913 .326087 .836957 .163043 12177.7 953.8 11223.9 | 
.705882 .294118 852941 .147059 12410.3 860.3 11550.0 : 
-_-__—_— : 
: 





























































































Ex ONOMICS OF 





CupoLtaA OPERA 








Calorific Value: 
Stage of 
Combustion In Effluent Gase 
COs) in COz in CO 
A B 
6.0 .204545 .795455 
6.5 .224138 .775862 
7.0 244186 .755814 
y .264706 735294 
8.0 285714 .714286 
8.5 507229 692771 
9.0 329968 670732 
9.5 351852 .648148 
10.0 375000 625000 
10.5 398734 601266 
11.0 $23077 576925 
11.5 148052 551948 
12.0 .473684 526316 
12.5 500000 500000 
13.0 527027 .472973 
13.5 554795 445205 
14.0 583333 .416667 
14.5 612676 387324 
15.0 .642857 357143 
15.5 .673913 326087 
16.0 705882 .294118 





COMBUSTION OF | 


13,095 Btu 


Portion of 1 Lh. Coke 
ned 


Bur 
to € 
| 


B 


Combustion 


Efficiency 
.602273 
612069 


622093 


653614 
.6646534 
675926 
687500 
699367 


.711539 


.750000 
763513 
.777397 
.791667 
.806338 
.821429 
.836957 
852941 





Table 28 


Ls. or Cox! 


Re 


CO: to CO 


1Q77907 
III 21 


? 
aan 
) 
’ 


a 


346386 

335366 
324074 
512500 
300633 


) 


) 


¢ 
) 


.263158 
250000 
236487 


.222603 


) 


9 
<= 


.193662 


a 


163043 
.147059 


90 Per Cent Carson) 


For 


duc ing 
B 


87931 


77907 


67647 


57143 


88461 


75974 


08333 


78571 


Loss CO. Reduction: 


Developed in 


Combi 
A 
788 
801 


Zone 


ustion 
»B 

6.79 
5.00 


8146.35 


828 
841 
855 
870 
885 
900 
915 
93] 
948 
964 
982 
999 
1018 
1036 
1055 
1075 
1095 
1116 


0.60 
8.24 
9.10 
3.56 
1.20 
2.79 
8.20 
7.61 
1.10 
8.99 
1.20 
8.19 
0.00 
6.92 
9.00 
6.62 
9.90 
9.27 





Btu 


5,265 Btu 


Lost in 
Re duc ing 
CO: to CO 


VB 


2094.03 
2042.50 


1989.7 


) 


1935.60 


1880.! 


> 
a/ 


1823.90 
1765.71 
1706.20 
1645.29 
1582.80 
1518.75 
1453.00 
1385.55 
1316.20 
1245.06 
1172.00 
1096.83 
1019.60 

940.14 

858.40 


774.27 








heat which is developed by complete 
combustion of coke, resulting in CO. 
and nitrogen. 

In the case of decomposition of 
CO, resulting in CO, the net Btu. 
developed per lb. of carbon is only 
4.350. 

The quantity of heat developed 
from the combustion of one Ib. of 
carbon varies somewhat with the 
conditions of pressure and tempera- 
ture under which the reaction is 
carried out. 

In the cupola the carbon is 
burned under conditions of approxi- 
mate constant pressure, variable vol- 
ume and at a high temperature 
whereas the Btu. developed in this 
reaction are determined in the lab- 
oratory by means of a bomb calori- 
meter in which the volume of the 
gases is constant, the pressure vari- 
able, and the temperature of the 
materials entering into combustion 
at the laboratory temperature of, say, 
60 to 70° F. 

Effect of Temperature at Which 
Reaction Takes Place. There is a 
slight increase in the heat developed 
by combustion when the tempera- 
ture at which the reaction takes 
place is high because it requires less 
heat to preheat the O., which is a 
diatomic molecule as compared with 
the CO, resulting from combustion, 


















Table 29 

















Heat Capacity oF IRON: OBSERVED DaTA 
Temperature 
Cc. : Ca 
Solid 660 1220 96 
Change in State 730 1346 5 
Change in State 900 1620 6.0 | 
Solid ; 1535 2795 256. 
Latent Heat of Fusion 1535 2795 66 
Total Liquid 1535 2795 22 | 
Liquid 2450 4440 533.1 | 
Latent Heat of Vaporization 2450 4440 1224.0 
Cotal Vapor 2450 4440 1757.( 
(Richards’ Metal! 
Table 30 
IN 1 Ls. oF IRON 
— Carbon Content (Per cer 
0 ae %%. 23 8-39 
Speceth 
Temp., Beu. in Heat of -— Latent Heat of Fusion 
I Solid Tron 120 115 107 100 93 86 
2100 345 
190 0 167 Lines indicate melting point: 
: - la Solid above line, 
2280 375 161 Liquid below line. 
2370 389 161 475 47 
2460 404 172 497 496 
2550 420 172 520 518 516 
2640 435 .167 542 541 538 537 5 
2730 450 .168 565 563 561 559 558 
2800 462 168 582 581 579 577 575 574 5 
2900 Aver. .167 605 604 602 600 598 597 basa! 



































Table 31 

















sciry OF 1 Ls. IRON at VaRIous TEMPERATURES IN Brt 
] 2 ; 4 ) e 7 8 q 
515 515 515 16 16 516 51 51 
517 517 518 518 18 519 519 519 
) 520 520 520 920 521 92 521 521 
9 522 522 522 523 5253 52 523 524 
} 524 524 525 525 525 526 5 2¢ 526 
>» 5 2¢ 527 527 527 528 528 528 28 
8 52° 529 529 530 30 530 530 931 
531 531 531 532 532 532 533 53 
4 535 534 34 534 534 535 535 535 
) 136 536 36 537 537 53 537 53 
8 38 538 38 5 539 539 539 540 540 
1() 540 540 541 } 541 541 542 542 42 
1? 543 545 543 } 543 544 544 544 544 
$5 545 945 545 546 546 546 546 546 547 
17 547 547 548 548 548 548 549 549 549 
19 549 550 550 550 550 551 551 551 5] 
52 552 552 552 552 553 553 553 553 554 
54 554 554 554 555 555 555 555 556 556 
56 556 557 557 557 557 557 558 558 558 
8 559 559 559 559 560 560 560 560 560 
61 6 1 561 561 562 562 562 562 563 563 
9 163 563 563 564 564 164 564 565 565 565 
65 566 966 566 566 566 567 567 567 567 
68 568 968 568 569 569 569 569 569 570 
570 570 570 571 571 571 571 572 572 572 
| 572 572 573 573 +573 573 574 574 574 574 
9 575 575 575 575 575 576 576 576 576 577 
577 +577 +577 #2+577 + «+4578 578 578 ‘578 579 579 
79 579 580 580 580 580 580 581 581 581 
| 9 581 582 582 582 582 583 583 583 583 583 
584 584 584 584 585 585 585 585 586 586 
| f 586 586 586 587 587 587 587 588 588 588 
588 589 589 589 589 589 590 590 590 590 
| 591 591 591 591 592 59? 592 592 592 59 
) 593 593 593 594 594 594 594 595 595 595 
| 595 595 596 596 596 196 597 597 597 59 
Table 32 
Mean Speciric HEAT oF CupoLta GASES BETWEEN ZERO AND 3,000° F 
§ f Combustion— 
N and CO 
By Differ- 
} Wt., -- Temp. of Gases, ° I ence 
Wt per cent 0 500 1000 1500 2000 00 2000 100 
0 100.00 2405 .246 .252 258 ~=.263 270 276 00119 
56 98.44 2397 .246 8.252 258 = .265 271 278 .00127 
09 96.91 2389 .246 .252 .259 266 272 279 00134 
+.61 95.39 2382 245 .252 259 266 274 281 £00142 
2 93.88 2374 .245 .252 260 267 275 .282 00149 
60 92.40 2367 .244 .252 .260 = .268 276 284 .00156 
1.08 9032 2339 244 232 20 269 277 23 00164 
53 89.47 2352 .244 aan .261 .269 27 .286 £00171 
97 88.03 .2345 .243 .252  .261 70 279 ~=.288 .00178 
9 86.61 2337 66243066252. I 271 280 =.289 .00185 
+.80 85.20 .2330 .243 .252 262 271 .281 .290 .00192 
19 83.81 2323-242 232 aon 6 6.272 3262. 22 .00199 
37 82.43 .2316 .242 .252 262 .273 = .283 = .293 .00205 
93 81.07 .2309 .241 .252 3 273 206 2 .00212 
28 79.72 25038 241 252 263 .274 .285 # .296 .00219 
61 78.39 2296 = .241 .252 263 .275 .286 = .297 00225 
93 77.07 .2289 .240 .252 264 .275 .287 = .298 .00232 
24 75.76 .2283 .240 .252 .264 .276 .288 # .300 .00238 
93 74.47 .2276 .240 .252 .264 .276 .289 ~~ 30! 00245 
81 73.19 .2270 .239 .252 .265 .277 .290 .302 00251 
10) 72.00 .2264 .239 .252 265 .278 291 = .303 .00257 
, 1 Nitrogen 7 y 
. 2 76.80 2336 6.245 257 268 280 292 =.303 .00232 
7 n Oxygen 
rag l 88.90 .4200 .471 523 574 .626 .677 .729 .01030 
| 








) 
wt 


which is a triatomi olecule. Con- 


sequently this requires approximately 


90 per cent more heat to increase 
its temperature over — the given 
range as compared with O 

At a temperature of 1000°F 


the increase is only 33 Btu., or a 
total for one Ib 
3 14.583 Btu 


this variation is negligible as far as 


of carbon of 14,550 


Consequently 
cupola problems are concerned 


Effect of Pressure 
The 


and pressure on the amount of heat 


conditions of temperatures 
developed per lb. of fuel have been 
analyzed by Haslam and Russell in 
Fuels 7 he 1? 


138 to 140, in which they developed 


and Combustion, pp 


the equation for constant pressure 


vs. constant volume as follows: 
( )Y QO: i R ] 


in which Qf equals the heat of reac- 
tion at constant pressure, Qv equals 
the heat of reaction at constant vol- 
ume and n equals the increase in 
the number of molecules in the gas 
present alter the reaction occurs 

R, the gas constant, in terms of 
Btu. per degree of temperature vari 
ation combined with pressure varia- 
1.9885, oF 


equals approxi- 


mately 2.0 per mole, or 0.166 per lb 


tion, 
carbon; 7 equals the temperature 
at which the reaction is carried out 
in degrees Fahrenheit 

F. + 460). 

For the 
2CO. 
and the 


absolute 


reaction 2CO + QO 
20,400 Btu., n equals -1. 
heat of 
closed bomb at constant volume is 
Or 20.400 +- (-1) (0.166) (60 
+60) 20,400 -87 20,313 Btu. 
approx, 
The 
tion at 
than if the 
CO were 
of constant 


combustion in a 


this 
volume is 87 


heat evolved by 


constant 


reac 
Btu. 
less same amount of 
under conditions 
This correc- 


one-half of l 


burned 
pressure. 
tion amounts to but 
per cent. 


Laboratory Determinations of 
Calorific Values 


In reporting the Btu. in a lb. of 
combustible for practical application 
to furnace problems, the laboratory 
results are reduced to the condition 
of uniform pressure and variable vol- 
umes. On this basis the quantity of 
heat evolved from | lb. of carbon is 
the following: 


























re ONOMICS OF 





Cupota OPERA’ 






































Temp 
Spec 


Btu., | 


t CO. 

Stage of 

Combu 
fion 


0 
l 


Wt = Lo ro 


WW? ae Go 


lo 


18 
19 


F 
Heat 
lb Air, 


Lb 
fir 


6.15 


6.52 


w 


10.07 
10.46 
10.87 
11.30 


11.77 


200 
23582 
+7.64 


292 
40] 
410 
$20 
$30 
341 
$52 
i635 
375 
188 
tO? 
$15 
30) 
+46 
to 
+80 
+98 
518 
538 
561 


Bru. 


400 
2429 


97.16 


596 
614 
635 
653 
673 
695 
717 
741 
766 
792 
819 
847 
877 
409 
943 
978 
1016 
1056 
1098 
1144 
1191 








IN 


600 
2475 


148.50 


910 
939 
967 
998 
1029 
1062 
1096 
1133 
1170 
1210 


1390 
1442 
1495 
1553 
1614 
1678 
1748 
1821 


PREHEATED BLAST 


700 
.2498 
174.86 











1590 
1644 
1701 
1759 
1822 
1888 
l 959 
2032 
2110 
2193 
2280 
2375 
2474 








Table 33 





900 


1404 
1448 
149] 

1539 
1587 
1638 
1690 
1748 
1805 
1867 
1931 

1997 
2068 
2144 


2808 


) 





FOR COMBUSTION 


1000 
.2568 


256.80 


1574 
1623 
1672 
1726 
1780 
1836 
1895 
1959 
2024 
2093 
2165 
2239 
2319 
2404 
2494 
2586 
2686 
2791 
2902 
3023 
3148 





1 Ls. CARBON 


1100 
.2591 
285.01 


1747 
1801 
1855 
1915 
1975 
2038 
2103 
2175 
2246 
2323 
2403 
2485 
2574 
2668 
2767 
2870 
2981 
3098 
3221 
3355 


3494 








1200 
.2614 
313.68 





1300 


.2638 


342.94 


ano 


ho fo 
. So 
ww ro 


NO hO 
so 


new Wwh = — 


Nm ho 
ov 

~ 
“I — DO 


i) 
_ 



















Reaction 1 lb. of Co 
C © CO 
C 2) CO 
200 © 2C0O | 
C: CO 2CO 
2H: + O HO 
C H.O CO 

* Loss. 


mbustible 


Btu. 


14,550 
+350 


20,400) 


5,850* 
61,550 
5.908* 


CO, 


Combustion ). 


constants for potential heat energy 


and CO Ratios 
From the established 


(Stage of 





in one lb. of carbon, or its equiva- and 


lent in coke, it is clearly evident 
that the net heat developed is a 
variable depending upon the ratio 








to 


call 


combustion. 
bustion a definite part of eac! 


each 


In each stage ol 


of carbon, or coke, 


step a 


is used te 





ratios in steps of | per cent in 


of CO. to CO in the effluent ¢ 
It is convenient to consider the: 
CU) 


‘ 
Stace 



















































Temp 
Spec 
Btu., 
% CO 
Siage of 
Combus- 
tion 


0 
l 


9 


we Se 


10 


l 


F 
Heat 


Bru. 


200 
2382 


Ib. Air 17.64 





“SS “Mss 
~ 
~ 


go oe 
SS — © 
Nm & 


& 








IN PREHEATED 


400 
2429 


97.16 


536 
553 
570 
588 
606 
625 
645 
667 
689 
713 
737 
762 
789 
818 
849 
880 
914 
950 
988 
1030 
1072 





600 
2475 
148.50 





819 
845 
870 
898 
926 
956 
986 
1020 
1053 
1089 
1127 
1165 
1207 
1251 
1298 
1345 
1398 
1453 
1510 
1573 
1639 








700 
.2498 
174.86 


965 

994 
1024 
1057 
1091 
1125 
1161 
1201 
1240 
1282 
1327 
1372 
1421 
1473 
1528 
1585 
1646 
1711 
1778 
1852 
1930 








800 
.2522 
201.76 


1113 
1147 
1182 
1220 
1258 
1299 
1340 
1385 
1431 
1480 
1531 
1583 
1640 
1699 
1763 
1829 
1899 
1974 
2052 
2137 


9997 


“ee 


Table 34 
BLAst FOR CoMBUSTION OF | LB. Coke (90 PER CENT) 





900 
2545 
299.05 


1264 
1303 
1542 
1385 
1428 
1474 
1521 
1573 
1624 
1680 
1738 
1797 
1861 
1930 
2002 
2076 





1000 
.2568 


256.80 





1417 
1461 
1505 
1553 
1602 
1652 
1705 
1763 
1822 
1884 
1948 


2015 
2087 
2164 
2245 
2327 
2417 
2512 
2612 
2721 
2833 





1100 
.2591 
285.01 : 





1572 
1621 
1669 
1723 
1777 
1834 
1893 
1957 
2021 
2091 
2163 
2236 
2317 
2401 
2490 
2583 
2683 
2788 
2899 
3019 
3145 





1200 
.2614 
313.68 


1731 
1784 
1838 
1897 
1957 
2019 
2083 
2155 
2225 
2300 
2398 
2461 
2550 
2642 
2741 
2843 
2953 
3069 
3190 
3323 
3461 





1300 


.2638 
342.94 


1892 
1950 
2010 
2074 
2139 
2207 
2278 
2355 
2432 
2515 
2602 
2691 
2787 
2889 
2997 
3108 
3228 
3355 
3487 
3632 
3784 


~- 
Pe) 


364 


394 


4] 

















































PuysIcAL CONSTANTS OF 


32° F. and Pressure One Atmospher« 
l 2 3 $ 
Specific Gravity Weight Cubii 
dir Oxygen per Feet 
1.00 1.00 Cu. Ft per Li 
1.10544 1.00000 089210 11.209506 
96732 87506 078064 12.809951 
1.00000 90462 080701 12.391432 
96716 8749] 078051 12.812067 
1.52913 1.38328 123402 8 103599 
Nitrogen .97198 87927 078440 12.748597 
.62200 56270 05020 19,92 
RELATIONSHIP OF CONSTANTS 
Col. 1—Specific gravity: Air 1.00 = Weight of Gas 
Col. 2 Oxygen 1.00 Weight of Gas 
Col. 3—Weight of one 
cu. ft. gas Weight Cubic Foot An Specifi 
Weight Cubic Foot Oxygen Specific 


Table 35 


Various Gases INVOLVED IN COMBUSTION 


Molecular Weight Mole Volume 


Col. 4—Cu. ft. per lb. 


Mole Volume 


1.00000 


Col. 5—Richards’ Metallurgical Calculations 
Col. 6—Metallurgical Tables—Liddell 


National Bureau of Standards (accepted standards 
—- - 


ero —273.18° C.; —459. F.; below zero Cent 


491.72° F 


Weight of Au 
Weieht of Oxyeen 


Gravity of Gas, Col. | 


Gravity of Gas, Col. 2 


Weight of Gas 
Molecular Weight 


5 6 
Mean Cubi 
Specific Heat Expansion® 
1000" Ff 7” & 
2104 OOOO 1L04t 00270 
2405 0000119 00? + 
2336 : OOOO] Lot 002042 
9405 + OOO00O119t 0020382 
1900 -4 00006 1 It 002061 
9405 - OOO01 19t 002039 
$200 + OOO1LOSt 00248 


u. It 











1.0 Calorie 


Table 36 


CONVERSION Facrors 


Length 
32808333333 ft. 
ft 0.5048006096 m. 
V olume 
cu. ft 28.31701660 cu. decimeters 
cu. ft 28.31625206 liters 
liter 1.000027 decimeters 
Weight 
kg 2.204622341 Ib. 
lb 453.5924277 grams 
453.5924277 
~ 28.3170166 
453.5924277 
28.31625206 


16.01837 


ft. mole 


u. {t. mole 16.01880 


Heat Units 
3.968 Btu. 








1 on data furnished by National Bureau of Standards. 


CM’ gram moles 


liter gram moles 


2.2046 lb. calories 





; 3.968 —_ : 
O Btu. 39046 1.7953 lb. calories 
1.0 Btu. 0.252 calories 777.97 ft. Ib. 
1.0 Lb. Cal. 9/5 Btu. 4536 calories 
Mole Volumes’ 
CC 
Molecular CM: Cu. Ft 
Weight Factor Gram Mole Liters Lb. Mole 
100.00000 22414.6 22414.0 359.0454 
32.000 0.99905 22393.3 22392.7 358.7042 
28.016 0.99955 22404.5 22403.9 358.8836 
28.959 0.99944 22402.0 22401.4 358.8435 
28.010 0.99950 22403.4 22402.8 358.8660 
Fe 44.010 0.99330 22264.4 22263.8 356.6394 
spheric 28.150 0.999617 22403.8 22328.2 358.8728 








portion of the CO, to CO. This 
portion does not reach the combus- 
tion zone and hence cannot be con- 
sidered in the calculation of heat 
produced by combustion. 

When considering combustion, it 
is only that portion which reaches 
the combustion zone that develops 
CO, and producing heat at the rate 
of 14,550 Btu. for each Ib! of carbon 
consumed, or assuming the coke to 
contain 90 per cent carbon, the heat 
devoloped from each lb. of coke 
that reaches the combustion zone is 
13.095 Btu. 

There are two steps in arriving 
at the final CO. and CO ratio; first, 
the complete combustion to CO, 
and, second, the reduction of a por- 
tion of the CO, to CO. In prepar- 
ing reference tables of the various 
elements entering into each stage 
of combustion, the portion of the 
lb. of carbon contained in the final 
CO, is designated as A and the part 
in the CO is designated as B, and 
A + B equal | bb. 

The reduction of CO. to CO is 
represented in the formula CO, + 
C 2CO. 

This represents the use of 2 lb. 
of carbon in the CO, one-half of 
which was taken from the CO, and 
one-half directly from the carbon of 
the coke. By this conception, the 
amount of carbon that reaches the 
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combustion zone and is burned to 
B 
CO. is A . and the remaining 
2 
B 
represents the carbon used in 
) 


the reduction of CO, and consti- 
tutes a loss at the rate of 5,850 Btu 
for each lb. of carbon used in the 
reduction. 

For example, in referring to Ta- 
ble 24 
combustion, which represents 10 per 


p. 530) at the tenth stage of 


cent of CO. in the final division of 
one lb. of carbon between CO, and 
CO, it is found that A equals 0.375 
lb. of carbon contained in the CO 

B equals 0.625 Ib. of carbon con- 


tained in CO 


However, in the original com- 
bustion, only that portion of the | 
lb. of carbon that entered into com 


B 
bustion is represented by A 
9 
equals 0.6875 lb. and the remainder 
B 
equals 0.3125 Ib. was reduced 
9 
without reduction of CO 
From this standpoint the heat de 


veloped from a lb. of carbon is 


B 


A + develops 0.6875 x 14,550 10,003.125 Bru 


1,828.125 Btu 


Net Btu. developed 8,175.000 Btu 


There are othe conceptions ol 
the method by which heat is devel- 
oped as indicated by the CO, to 
CO ratio, but regardless of the in- 
termediate steps that may have 
taken place from the initial CO. to 
the final CO. to CO ratio, the result 
is always the same. We may con- 
sider that the heat is developed 
directly by the complete combustion 
of the ‘‘A” 
and by the incomplete CO portion, 


portion of the carbon 


thus: 


A develop 375 x 14,550 5,456.25 Btu. 
B develops 0.625 x 4,351 2,718.75 Btu. 
Total heat developed 8,175.00 Btu 


It may be assumed that the total 
lb. of carbon is developed into CO 
and the “B” portion causes a_ loss 
in the ratio of 10,200 Btu. to the 


original lb. of carbon, thus: 


14.550 Btu 
6,375 Btu. 


\ B Potential, 1.0000 x 14,550 
B Loss 0.625 x 10,200 


8,175 Btu. 


Total heat dev eloped 


A still further application may be 
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Element 
Calcium 
Carbon 


Chromium 
Hydrogen 
Iron 
Manganese 
Nitrogen, Pure 
Nitrogen, Atmospheri 
Oxygen 
Phosphorus 
Silicon 
Sulphur 
lellurium 
Titanium 


lemperature calcining CaCO: 
Heat to calcine 1 lb. CaCO, 
Heat to melt and superheat slag 





Water Gas 


Producer Gas 





Table 37 


A\romic Weicut, Heat oF FORMATION AND TEMPERATUR! 


A 


Atomic WEIGHT 


Symbol Exact 
Ca 40.08 
C 12.01 
Cr 52.01 
H 1.008 
Fe 55.84 
Mn 54.95 
N 14.008 
Na 14.075 
O 16.00 
P 30.98 
Si 28.06 
S 32 06 
Te 127.61 
li 17.90 


Heat for Formation Slag 


B 
HEAT OF FORMATION | 
Btu. Btu 
Molecular Molecular per Lb per Lb f 
Symbol Weight Mole Compound I } 
CO 4 174,600 3954 
CO 28 52,200 1864 
CO+Y,0 +4 122.400 2782 
CaO 6 275.060 1876 f 
FeO 72 115,740 1608 bt 
Fe.O 160 $75,300 9933 | 
H.O 18 104,036 5780 
MnQ) 1 173.700 2446 
SiO 60 561 800 6030 
SO 64 127,656 1994 
leO, 80 392 400 4905 
Fe,C 180 33,840 188 
CaOSiO 116 680,220 5864 


Heat Loss in Decomposition 


CaCO 100 78,786 788 | 
Co.+C 28 70,200 2507 | 
C 

[TEMPERATURE OF IGNITION 

Substance Temperatu 

Coke 1300 
Anthracite Coal 1300 | 
Bituminous Coal 620 | 

Lignite Dust 500 
Hydrogen 1075 to 109 
Illuminating Gas 1075 to 10 | 

CO 1190 to 12 

1190 to ! | 





























































1190 to 12 









that if the original pound of carbon 
had entered into complete combus- 
tion there would have been 14,550 


B 


stu. However, the portion whic h 


9 
enters into the reduction of CO 
would represent a loss at the rate of 
5,850 Btu. per lb., and the second 
B 


which did not reach the com- 














bustion zone represents 






thus: 







4 + B Potential, 1.0000 x 14,55 








B 
Loss, 0.3125 x 5800 l 
, 
B 
not burned, 
2 0.3125 x 14550 ! 







Total heat developed 







Hi 7m 


Miscellaneous Source 





Many minor sources of | 
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Table 38 In the tests made by Piwowarsky 
e ; 1] 
and Broglio, well-known experts im 
sND VOLUME OF — ELEMENTS ENTrRING INTO AND the preparation of cupola heat bal- 
LTING FROM THE COMBUSTION OF 1 LB. oF CARBON ances, they report the following 
mbustion air + carbon CoO, + N heat input 
Combustion air + carbon CO +N 
Al Weight ] lume Heat Source Per cont 
2 Wor 1) Gas Heat from coke 93.95 
76 80° 7001 Oxidation of iron +.96 
? Sensible heat in the charge 1.06 
Air Contains : Other exothermic reactions 03 
1.000 X 20.99% 2099 cu. ft : 08921 018725 Ib 
1.000 X 79.01% 7901 cu. ft ; 07844 061976 Ib 100.00 | 
| 
1.0000 cu. ft 080701 Ib —? / 
COMPLETE COMBUSTION In the above reports the oxida- ' 
air + carbon CO; + N + 14,550 Btu tion of the iron and other exother- 
mic reactions are much larger than 
Cc +O, co : 
Weight 201 ~ : rv permitted in good practice. How- 
. 2.0 r 32 14.0] ; ‘ 
ever, these quantities vary according 
Weights 1 lb. C + 2.664446 O }.6644 Ib 
to the length of the heat. 
Wt per Wet At : , 
146 Cu. ft cu. ft lb It is common experience that the 
64446 . 
7081 142.293 x .080701 11.483 metal loss in the last charge melted 
5/LJI . . 
149.29975 X 79.01 112.495 x .07844 8 819 is very much greater than in the 
142.29275 xX 20.99 29. 867 X .089210 9 664 intermediate charges, hence when 
1.000 this loss is spread over the entire 
+46 9 695 Xx .123409 664 heat the length of the heat has a 
+02 large bearing on the percentage of 
| co. + N we 142.120 12.483 oxidation. ; 
CO 20.89% 29.35% The object in presenting the re- ) 
N IAL 70.65% sult of these tests is to show the 
INCOMPLETE COMBUSTION variety of sources for the develop- 
air + carbon 29CO + N; or CO, + C 2CO ment of heat rather than to indi 
ula cate the quantity. UF 
a + © 2CO ’ ’ ] . . | 
\f Weicht (44.01 + 12.01 4 0D ; . Effluent Cupola Gases The gases 
4 d Z T i2 1h UO? ‘ 
Weight 1 lb. GC + 133220 ) 3399 Ih. CO emitted from a cupola stack are not ' 
| W eight W eicht. only the pure gases resulting from 7 
Cu. ft per cu. ft lb. the combustion of carbon, but also 
32223 . 3 aS contain an appreciable volume of 
ere 71.146 X .080701 ».7 41 ap , 
187251 water vapor originating from the 
| | ne niin - - . = : } 
; Nit 71.14637 X 79.01 96.213 X .07844 +.409 0.04 to 0.10 Ib. of water in each : 
| , | 37 x 90.99 98 . 99 339 . 
11.1465 . 14.934 089210 | . pound of coke, which, when ex- 
| 000 : 
) 32993 pelled, results in from one to two 
078051 =9.881 * .078051 2.332 cu. ft. of water vapor. 
— . 
| In addition to this, there is a 
| CO +N .. 86.09 7 : 
, CO 4 a1 é, iy she variable amount of water vapor en- 
t ,) / é ) 4" ‘ P 
N 65.29% 65.41 tering the tuyeres depending upon 
the relative humidity of the air 
| blast, and a further increment 
| arises from the combustion of hy 
ito two classes: In coke 0.05 drogen. : 
| First, the sensible heat contained In moisture of coke charge 0.02 Altogether, the water vapor may 
° . . : 
—— terials which make up the In limestone 0.08 increase the theoretical volume of 
In oxygen 0.12 gases resulting from the combustion 
second, the heat resulting from oo ene pare of a pound of carbon by 3 or 4 | 
? é SC In moisture in the air 0.01 1.20 cu. ft 
thermic reactions in the : a 
of FeO, MnO, SiO, Combustion of Carbon: Other miscellaneous gases such as 
O., SO.. CaSiO.. etc co, 76.80 SO,, FeQ, MnO and SiO, are pres- 
ries of Ma's made in Ger- CO 14.70 91.50 ent as indicated by the color of the 
d published in Stahl und Miscellaneous Oxidation ayn ' 
27), p. 1389, the following FeO 0.43 hese reactions require an 
input in percentage is MaO 0.58 amount of oxygen in addition to 
viver ; Pa SiO: 9.84 that used for the combustion of the 
P.O; 0.58 = 
; SO 007 7.30 coke. The amount of excess oxygen 
deal Per cent ” ; me sed f hi > is al 4 
BS Atmospheric Temp a used tor this purpose is about 4 per 
yb harge 0.27 100.00 cent, as indicated in the German 
- 
: as 
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reports recorded under the subject, 
“Miscellaneous Sources of Heat”, 
p. 538. 

This is probably a little excessive 
for heats extending over several 
hours. 

The oxygen used for this purpose 
is not taken into account when 
making gas analyses. However, the 
nitrogen which accompanies the 
oxygen passes on to increase the vol- 
ume of nitrogen above the theoret- 
ical ratio. 

The increase in CO, originating 
from the limestone which is used 
as a flux is a small but definite 
amount. 

Assuming that 1 lb. of limestone 
is used to each 10 lb. of coke, and 
that one-half of the weight of the 
limestone consists of CO., then each 
pound of carbon consumed would 
release from 0.4 cu. ft. to 0.6 cu. ft. 
of COs. 

In all, there may be 4 or 5 cu. ft. 
of miscellaneous gases in addition 
to the theoretical amount. 

In the analysis of the effluent 
gases for commercial purposes in 
connection with cupola control and 
cupola efficiency, the only gases 
considered are CO, CO. and N. 
The percentages of CO and CO, 
present are first determined and the 
remainder recorded as nitrogen. 

Consequently the percentage of 
CO is smaller than the theoretical 
34.71 per cent and the CO, is not 
affected to as great an extent on 
account of the increase from the 
limestone. The balance which is 
called nitrogen, however, is decid- 
edly increased on account of the 
dilution with other gases. 

For simplicity in the preparation 
of tables recording the air require- 
ments for combustion and resultant 
gases, and at the same time to more 
closely approach the real facts, the 
air requirements are based upon a 
resultant gas containing 33143 per 
cent CO and 6624 per cent nitrogen 
in the case of incomplete combus- 
tion, and 20 per cent CO, and 80 
per cent nitrogen in the case of 
perfect combustion. 

There always will be some excess 
air used because there is always a 
slip between the theoretical equation 
and the actual performance. 

To avoid the use of fractional 
cu. ft. of CO and CO, developed 
by the combustion of one lb. of car- 
bon, 30 cu. ft. will be used, which 
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is within one-half of 1 per cent in 
excess of the theoretical for the 
combustion of carbon. In addition 
to this, 5 per cent excess air is used 
in Table 24 on page 530 to allow 
for miscellaneous oxidation. 


On this basis the amount of car- 
bon that is used for the reduction 
of CO. to CO and the amount 
burned to CO, in each pound of 
carbon consumed is readily deter- 
mined mathematically, as shown in 
Tables 27 and 28 (pp. 533 and 534). 

As explained, the quantities in 
Table 24 therefore are not the 
theoretical quantities developed by 
the combustion of pure carbon, as 
shown in Table 38. They are, how 
ever, closer approximations to true 
condition as verified by experience. 

It is always found that the weight 
of the air required for combustion 
is greater than the _ theoretical 
amount. The quantities cannot be 
fixed by discussion. They are simply 
matters of agreement. 

When calculations are made for 
blower capacity, the air quantity 
shown in the table should be in- 
creased by at least 25 per cent. This 
will allow for the expansion of the 
air up to a temperature of 100 de- 
grees at the sea level. For high alti- 
tudes, a further consideration should 
be given to the increased expansion 
on account of reduced pressure. 

For the sake of those mathemat- 
ically inclined, the quantities in the 
tables have been calculated to sev- 
eral decimal places beyond any 
practical utility. The final result in 
any calculation cannot be of greater 
accuracy than the approximate data 
used at the beginning. For ordinary 
calculations, one or two decimal 
places are far within the accuracy 
required in any cupola problem. 

The temperatures of the escaping 
gases from the cupola are variable 
according to the point at which the 
observation is made. The tempera- 
ture is higher at the outer circum- 
ference where the resistance to the 
flow of gases is least and their ve- 
locity greatest. 

At the center of the’ cupola, the 
velocity of the gases is impeded by 
the more closely packed iron. Be- 
cause of the greater time involved 
and the large area of surface con- 
tact the temperatures are lower. 

The weight of the gases fluctuate 
continuously to synchronize the time 





of melting a char 
time of burning a 
Hence the gas anal 
throughout the rang: 
Furthermore, the we: 
and the weight and 
coke are not taken 
cision, neither is thi 
the iron at the tim 
known with mathemat 

In making the « 
heat balances where 
ables are involved, thi 
be done is to work wit! 
of the observed data. M 
precision of a_ theoret 
does not add to the ey 
solution. 


Thermal Capacity 

Thermal capacity ot sul 
is the amount of heat require 
raise a unit of weight . 
temperature. 

In the English syste: 
and measures the unit of we 
1 lb. and the unit of temperatw 
mw 3° 8. 

The unit of quantity of | 
designated as a British T! 
Unit, which is the quantity of h 
required to raise | lb. of water f 
39° to 40° F. (maximum densit 
As the temperature of wat 
vated, its density decreases 

The amount of heat requir 


raise 1 lb. of water one deg 


various temperatures is sh 
Table 18 on page 529. 


Heat capacities are deter 


Y 


the laboratory by means of a calor 
meter, hence most determinat 
are made at standard room 
peratures of about 68° F. TI 
quantity of heat is measured 
change in temperature of the 
uct. 


Specific Heat 

Specific heat of any substanct 
the ratio of its thermal capacit) 
that of water at 60° F., her 
cific heat and thermal capacity 


the same quantity when considering 


a unit of weight and one ceg! 
temperature change. 
Specific heat is an import 
tor in the calculation o! 
ture and heat transfer in vari 
parts of the cupola. Wher 
quantity of heat in any 


known its temperatur readuy 


calculated and vice versa 
perature is known, the quanti 
heat becomes known. 





ce spe- 








is the specific heat is 
at various tempera- 
access to tables made 
ose greatly facilitates 
tion of temperature 
| heat transfer. 
pal items to be consid- 
the standpoint of heat 
the gases entering into, 
from, combustion, the 


_ and the slag. 


Heat Capacity of Gases 
tions arise in regard to 
mbustion on account of 
rcentages of CO,, CO and 
aving variable — specific 
: do not follow the same 
rease as the temperature 
ind, further, the total 
the gases varies with the 
ombustion. 
rh ire, 
ontend with: 


therefore, four vari- 


First, the specific heat of the indi- 

ses at zero degrees tem- 
Second, the rate at which the spe- 
fic heat increases as temperature 


lhird, the percentage by weight 
ch of the gases. 

Fourth, the total weight of the 
ves developed from the various 
ages of combustion of 1 Ib. of car- 


DOI 
ii 


[here are many formulae recom- 
mended for the various gases by 
various investigators, any one of 
vhich is sufficiently accurate for or- 
nary use, 
(he formulae recommended by 
National Bureau of Standards 
the various gases entering into 


bustion have an allowable error 
| plus or minus 2 per cent within 
range of temperatures devel- 

ed in the cupola. 
For the sake of simplicity, and 
| to be within this allowable 
range of error, the formulae taken 
‘rom Richards’ Metallurgical Cal- 
lations are chosen as the basis for 
lable 32 (p. 535), in which mean 
he heats are recorded for various 
tions of the gases of com- 
oustion that are developed within 
ola corresponding with the 


vari tages of combustion. 
'he formulae are made up of a 
stant at zero temperature plus 


‘uniorm rise for each degree from 
zero 600° F. 


also a formula 


applying between 3600° and 7200 
F. See Table 19 on page 529. 


Mean Specific Heat 

The above formulae determine 
the specific heat at any particular 
temperature. They do not indicate, 
however, the amount of heat re- 
quired to raise the substance from 
one specified temperature to another. 

For this purpose, the mean spe- 
cific heat between the limits of the 
under consideration 
becomes a more usable factor. In 


temperatures 


this case where the increase is uni 
form the mean specific heat is one- 
half of the sum of the specific heats 
for the temperatures under consid- 
eration, consequently the constants 
at zero plus one-half the increase 
per degree will represent the mean 
specific heat between zero and the 
desired temperature. See Table 20. 

The quantity of heat in Btu. re- 
quired to raise | lb. of gas from 0° 
to a specified temperature (0 to t) 
is shown in Table 21 (p. 529). 

The quantity of heat in Btu. re- 
quired to raise | lb. of gas from one 
specified temperature to another (t’ 
to t) is shown in Table 22 (p. 529). 

The mean specific heat between 
two specified temperatures is 
shown in Table 23, page 529. 

The foregoing formulae are self- 
explanatory. 

Table 32 records the average 
mean specific heat from zero to any 
specified temperature for all tem- 
peratures and all combinations of 
gases developed in cupola practice. 

The mean specific heats at vari- 
ous temperatures and at the various 
stages of combustion shown in Ta- 
ble 32 represent the average Btu. in 
each pound of gas for each degree 
of temperature rise from zero to the 
specified temperature. 

The quantity of heat in terms of 
Btu. contained in 1 lb. of gas for 
any stage of combustion is found by 
multiplying the mean specific heat 
by the temperature of the gases in 
degrees Fahrenheit. These quanti- 
ties are shown graphically in Fig. 
14 on page 528. 

The tables and charts are not in- 
tended for scientific laboratories en- 
gaged in the development of great 
accuracy in heat constants. They 
are, however, far within the degree 
of accuracy required for use in de- 
veloping heat balances based upon 
observed temperatures, gas analyses, 
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and estimated weights of air enter- 
ing into combustion, and the gases 
resulting from combustion. 


Flame Temperature 
Having the weight of the gases, 
their mean. specific heat and quan- 
tity of heat developed from combus- 
tion of 1 lb. of carbon preheated to 
approximately 3,000° F. is easily cal- 
culated by the following formula: 


Btu = 
Developed 1 Temperature 
: of Gases in 
Lb. Gases Mean Specific Heat Combustion 


Zone 


Heat Capacity of | Lb. of Iron 

Efficiency of heat transfer and 
the overall thermal efficiency of the 
cupola is based upon the quantity 
of heat in one pound of iron at the 
time of tapping. 

The specific heat of iron varies 
with increasing temperature and is 
modified by a change in state at 
several critical points, also by the 
latent heat of fusion when in the 
molten state. On account of these 
variables a convenient table of ref- 
erence (Table 6) was included in 
a paper prepared by the author un- 
der the subject, “Conservation of 
Heat Energy in Cupolas,” and pre- 
sented to the World’s Power Con- 
ference held in Stockholm in 1933. 

This table includes the entire 
iron carbon group, giving the heat 
of recalescence, melting tempera- 
tures, specific heat, latent heat of 
fusion, latent heat of vaporization, 
and heat capacity of one pound of 
iron at various temperatures in the 
solid, liquid and gaseous state. 
These quantities are based mainly 
upon Richards’ Metallurgical Cal- 
culations, with the exception that 
the specific heat of liquid iron is 
placed at 0.23 instead of 0.20, which 
agrees more nearly with the more 
recent determination. 

There is less reliable data on the 
latent heat of fusion for iron of 
various carbon contents than for 
the other items tabulated. There 
is, however, a close relation between 
the temperature of fusion and the 
latent heat of fusion. The quanti- 
ties given are sufficiently accurate 
for use in the calculation of prob- 
lems relating to cupola efficiencies. 
The heat capacities of one pound 
of iron have been determined ex- 
perimentally and are recorded in 
Tables 29, 30, 31 (pp. 534-535). 
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SKILL AND LEADERSHIP 
THROUGH APPRENTICE TRAINING 





be given due importance if 


* An apprenticeship system, to be successful, must be consig. 
ered by management as an essential part of the busines; 
If apprentice training is included in company activities, it mys; 


it is to produce satisfactory results, 


































































J. E. Goss 
Brown & Sharpe Mfg. Co. 


Providence, R. I. 


A MEETING of foundry own- 
ers and managers was held in a 
large Eastern city for the purpose 
of discussing apprenticeship train- 
ing problems. During the discus- 
sion one man asked——““How many 
of us are prepared for the day 
when younger men must take our 
places”? Not one man at that meet- 
ing could say that he was ready for 
such a time. 

The question refewed to young 
men with good training and jour- 
neyman experience in foundry prac- 
tice, plus good training and experi- 
ence in foundry management. It 
has been proved that the best way 
to prepare foundry management 
personnel is by means of apprentice- 
ship. The men at that meeting 
seemingly had not done a good job 
in this respect; in fact, several of 
them so admitted. 

Purpose of Apprenticeship 

Primarily, of course, apprentice- 
ship is set up to train young men in 
molding and coremaking. Any other 
main objective would remove such 
training from the apprenticeship 
category. We shall continue to need 
more than management personnel. 
Try as we may to specialize our 
processes, there still will remain 
many foundry jobs calling for a va- 
riety of skills and a general knowl- 
Presented at an Apprentice Training 
Session of the Fiftieth Annual Meeting, 
American Foundrymen’s Association, at 


Cleveland, May 9, 1946. 





edge of foundry casting practice. 

if we subordinate the training for 
the work of journeymen to the train- 
ing for management duties, the re- 
sult will be that we shall produce 
neither good journeymen nor good 
managers. A practical training back- 
ground is a definite asset to man- 
agement. Also, management can 
function to better advantage if it has 
producers with the same kind of 
background. 

If we agree with such a concept 
of foundry apprenticeship, we will 
predicate our plans upon a system 
which should give us both journey- 
men and management personnel. 
The required ratio of one to the 
other can be estimated roughly, and 
our system can be set up to come 
close to meeting these requirements. 


Public Relations 


Item number one in a foundry 
apprenticeship system should be a 
form of public relations. The defi- 
nition commonly given to public re- 
lations will be recalled. It is the 
accomplishment of something good, 
followed by giving information about 
it to all who may be directly or in- 
directly interested. 

Our first concern, then, is to place 
ourselves, if we are not already 
there, in a position where we can 
conscientiously tell about the foun- 
dry as a good place in which to 
work. This will not be easy. The 
mere word “foundry” seems, to 
many people, to be synonymous with 
dirt and danger, heat and heavy lift- 
ing. 

Our public comprises parents of 
high school boys, school teachers, 
vocational advisors, parent-teacher 
groups, and the boys themselves. In 
planning to acquaint these people 





} 


with opportunities in t! 
we should bear in mind 
to be an almost universal pract 
It is the steering of the mor 
ligent boys toward college. The valy 
of a college education need not | 
discounted in pointing out th 
portunities for such boys in 
foundry industry. 
Source of Supply 

What we are leading toward 
this so-called public relations 
is an adequate and satisfacto 
source of supply. By this time, p1 


ably, we all have recognized 
concern about source of supply a 

careful testing of raw _ materi 

should not be confined to pig iro 
sands, binders, facings, and ot! 

such items. 

The high schools and _ trad 
schools offer the most fertile fields 
but in many high schools will b 
found the tendency on the part 
principals and advisors to work to- 
ward a college education for th 
boys with good scholastic records 


1 
th 


Acquainting the key people in 
secondary schools with possibilities 
in the foundry, particularly for suc! 
boys, may be done by talks 
groups, at the schools, and by lit 
erature describing the training facill- 
ties and pointing out the kinds o 
work to which such training 
lead. 

To be effective, this publicity 
must not paint a rosy picture or pre 
sent claims instead of facts. Th 
new apprentice, if he is the type 
boy we want, will be quick to com 
pare what he has been told with the 
actualities he finds in the foundry 
A large number of beginners and a 
large turnover will mean, waste : 
perhaps, discouragement 











system. It is much bet- 

t fewer boys and to have 

: m their training. 

TY, test our incoming raw 
do so with their def- 
mind. When we test 

yrenticeship material we 

tally testing competently 
terial, as is generally the 





Dnsid. ot ur irons and sands, nor 
iness, sa ow exactly to what uses 
must il eventually may be as- 
sults, <omed. We can, however, come 


near the mark in deter- 
needs for both journey- 
yervisors during the next 


’ iT 
eT i A} 
‘ i 


ao fow vears. Also, we can be mind- 
le hat our management re- 

ur yirements may be some years there- 

See! ifter 

Acti Pre-employment tests for appren- 

intel- ticeship should be a distinct heip to 

valu the foundryman, provided that he 

ot be hooses the tests carefully, admin- 

© op- isters them properly, and then con- 

th tinues to use his judgment of peo- 

ple as an important factor in the 
hiring process. 

d, it System Planning 


Selling foundry apprenticeship to 
individuals and groups requires the 
prob- planning and carrying out of a sys- 
- tem which can be explained in de- 
- tail and with justifiable pride. We 


nema would not start our sons in a school 
“se or college on the mere assurance 
owner that they would be given an educa- 

tion. We would want to know what 
— uurses were offered and something 
1e1ds 


ibout the content of each. We would 
inquire into extra-curricula activi- 
rt ol ties, library facilities, and other 
means by which a_ predetermined 
the bjective could be attained. 

A carefully thought out foundry 
nt program for apprentices is an ad- 
ities vantage to all concerned. We want 


su to produce journeymen molders with 
$ to all-around training and experience; 
y ite therefore, we must see to it that our 
acili- apprentices are given, in an orderly, 
ls of ‘ystematic way, what we believe to 
mai be the proper proportionate period 
. of time on each phase of the mold- 
licity er’s job 

pre- Perhaps the best way to accom- 
The plish this is by centralization of ap- 
e Ol prentice training. The foundry su- 
om perintendent and his foremen are 
. the interested principally in the produc- 
dr} ho castings. Any such duty as 
nd : moving apprentices from one kind 
and ol k to another would be sec- 
ap- ond and, therefore, sometimes 


neglected. But, foundry  superin- 
tendents and foremen should never 
be left out of an apprenticeship sys- 
tem. It is important that they be a 
part of it, although it should not be 
expected that they will set aside 
their urgent production problems in 
favor of apprenticeship routine. 


Apprenticeship Department 

Centralization of apprenticeship 
training should mean better job in- 
struction and better selection and 
presentation of class work. More- 
over, it can be of assistance in the 
hiring of apprentices, if such hiring 
is done by a personnel department. 
It definitely can help in the place- 
ment of graduate apprentices and 
in the selection of foremen. 

If the size of a foundry does not 
warrant the setting up of an ap- 
prenticeship department, much can 
be done by the appointment of a 
competent individual whose time 
may be devoted entirely to appren- 
tice training. If the number of ap- 
prentices is too small to warrant the 
full time of a man, an arrangement 
might be made to assign a man, 
competent to supervise apprentices, 
to a job from which he can take 
whatever time is necessary for his 
training duties. 

The importance of having the 
right man as a supervisor of appren- 
tices can not be too greatly stressed. 
He should have much more than a 
thorough knowledge of the way in 
which good castings are produced. 
He must be able to impart that 
knowledge in readily understood 
terms and analyze jobs so that they 
can be taught in the order of their 
learning difficulties. He must de- 
cide on the variety of work that will 
give his apprentices the best experi- 
ence and have the good will of the 
foreman so that such variety will 
be made available to the boys. 


Supervisory Qualities 

In addition to his techniques and 
their application to his work, he 
must be patient, forgiving to a rea- 
sonable degree, interested in youth 
and possess an understanding of 
people sufficient not only to enable 
him to grade apprentices but also to 
sense their potentialities. 

Probably no one program of foun- 
dry assignments would fit any two 
apprenticeship systems, yet in de- 
termining our assignments and the 
length of time to be spent on each, 
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we should bear in mind that our ap- 
prentices are to be taught a trade. 
They rightly should expect that an 
apprenticeship in one foundry will 
qualify them to readily adapt them- 
selves to the work in another foun- 
dry producing castings of the same 
general classification. 

Whether an apprentice is taught 
machine molding before he is taught 
bench molding may not be essential, 
but is is essential that he learn both 
molding methods during his appren- 
ticeship time, since they are methods 
of making castings and, therefore, 
are parts of the molding trade. 

Some foundrymen may hesitate to 
take apprentices because their regu- 
lar facilities would not permit full 
training. If there are two or more 
foundries in a locality, an arrange- 
ment might be made whereby train- 
ing which could not be given in one 
place would be available in another. 
Such a plan has proved to be quite 
practicable in at least one locality, 
in the machinist trade. 


Supplemental Training 

If an exchange arrangement is not 
possible or feasible, there is another 
way to give the apprentice a com- 
prehensive program. This may be 
done by setting up, somewhere away 
from the manufacturing depart- 
ments, whatever equipment is need- 
ed to make the training complete. 
Short, intensive instruction could be 
given and, although the values that 
we attach to a reasonable amount 
of repetitive work would be lack- 
ing, we should-be able to feel that 
we had made up, at least in part, 
for whatever training our regular 
production practices did not permit. 

An arrangement such as this has 
been working successfully in a large 
factory for many years, where it 
was found that it was not practica- 
ble to give certain instructions con- 
nected with the machinist trade in 
the manufacturing departments. 

If we are to carry on an appren- 
ticeship system that will produce 
competent journeymen, we must go 
further than establishing work as- 
signments. Each assignment, if it is 
to be thoroughly covered, should be 
analyzed. Only in this way can we 
be certain that nothing with learn- 
ing value has been omitted. This 
does not mean anything more than 
a little careful thought, the printing 
or mimeographing of the items on 
a pocket-size card, and then the 




















































































checking of these items when the 


apprentice has received instruction 
and practice in what they represent. 

Usually, in apprenticeship, there 
are wide differences of opinion as to 
what should be taught the boys aside 
from actual molding practices; also, 
as to how and where this instruction 
should be given. These questions, 
seemingly difficult to answer satis- 
factorily, no doubt constitute the 
reason why some foundrymen, espe- 
cially those operating the smaller 
places, are reluctant to train appren- 
tices. 

The trend appears to be in the di- 
rection of letting the public school 
system assume the responsibility for 
this so-called related work, even to 
the point of deciding the subjects to 
be taught. 


Related Work 


It must be admitted that circum- 
stances make a considerable differ- 
ence as to whether the foundry itself 
or the public school is selected as 
the place of training, but it would 
seem that the selection of subjects 
should be made on the basis of needs 
in the molding trade rather than on 
the general educational level so often 
found in cooperative programs. 


Over the past two or three dec- 
ades there has been a trend toward 
liberalization of subject matter. It 
may be true that a journeyman 
molder is better off, generally, if he 
knows something about physics and 
chemistry, but might we not just 
as reasonably include many other 
subjects more or less remotely con- 
nected with the educational needs 
of the average man? 

This may be the appropriate place 
to express a word of caution about 
getting too far away from the fun- 
damental principles of apprentice- 
ship. For one thing, we are quite 
apt to use the word loosely, apply- 
ing it to various forms of foundry 
training not designed or expected to 
produce journeymen molders. 








Short-Term Programs 


Today, in our efforts to cooperate 
with the Veterans Administration 
and other service organizations, we 
may incline still further toward 
short-term programs and think of 
them as apprenticeships. Specialized 
courses have their place in the foun- 
dry, but they do not supplant ap- 
prenticeship. 

Apprenticeship calls for an agree- 
ment between the employer, the ap- 
prentice, and his parent or legal 
guardian. Otherwise, the training is 
not really apprenticeship, nor does 
it present either to the employer or 
his apprentice the obligation which 
both rightly should assume. 

Unless a written agreement is 
made a definite part of our appren- 
ticeship system, we are not con- 
forming to accepted apprenticeship 
standards. In addition to the le- 
gal aspect, there is a certain psycho- 
logical effect. It probably could be 
shown that employers who use an 
agreement fare far better than do 
others in the matter of keeping their 
apprentices. 

Every right thinking foundry 
worker should understand that man- 
agement must choose for its super- 
visory personnel the best among 
available candidates, regardless of 
whether or not those chosen are 
graduate apprentices. If we do a 
good job of selecting and training 
our apprentices, it is likely that at 
least some of them eventually will 
become good leadership material. 

It would be a distressing com- 
mentary on an apprenticeship sys- 
tem that showed no supervisors and 
foremen rising out of the ranks of 
its own graduates. A poor manage- 
ment job would be indicated, and 
it would grow increasingly difficult 
to interest prospective apprentices. 


Management Interest 


To make an apprenticeship sys- 
tem work, management must con- 
tinue to see it as an essential part 
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of the business. Ii 
leaves apprentice tra 
to an individual or t 
trative group and sho 
interest, it will fail ev: 

If a survey were n 
dries in which appre: 
bogged down or been 
it probably would be fi 
management was larg: 
Management itself can 
of course, whether thx 
work done in its foundry warran, 
the training of apprent 3 
such training is includ 
pany activities it must be give; 
importance if it is to produc: 
factory results. 

Perhaps some foundry 
ments hesitate about starting an ap. 
prenticeship system because of the 
unfamiliarity with this kind of traip. 
ing. Men experienced in this wor 
have heard others say that ap. 
prentice training presented suct 
problems and obligations, particu. 
larly to the smaller foundry, ¢! 
had not been incorporated 
means of skilled worker suppl; 

If such is the feeling today of an) 
foundry management, it is only n 
essary to write the A.F.A. Natio: 
Office for advice as to how to start 
and carry on the apprentice form of 
training. The A.F.A. Committe 
on Apprentice Training is the sec- 
ond oldest committee in the Ass- 
ciation. Although its members ar 
widely separated, it transacts mucl 
business throughout the year by us 
ing the mails. Fifty years hav 
served not to make it old and inac- 
tive, but rather to vitalize and hav 
it become recognized as an agency 
alive to its opportunties. 

Twenty years ago apprenticeshij 
often was referred to as dead. To- 
day we note among industrialists a1 
awareness of the real value o! 
prenticeship, and it is such work as 
has been done by A.F.A. that has 
contributed largely toward this 
change. 
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GRAY CAST IRON 


Tensile Strength, Brinell Hardness 
and Composition Relationships 


By T. E. Barlow, Research Engineer, and 


C. H. Lorig, Supervisor, Process Metallurgy Division, 


Battelle Memorial Institute, Columbus, Ohio 





rANDARD methods for meas- 
the tensile strength of 

K ist iron have been estab- 
some years and are ac- 

both foundrymen and de- 
ineers as one measure of 

of gray iron castings. 

ore, specifications on gray 

n used for engineering appli- 

ire usually either based on or 

the values for the tensile 
neth ranging from 20,000 to 
psi., depending upon the ap- 


Therefore, any discussion of ten- 
trength of gray cast iron, at the 
ent time, would seem to be un- 
sary and entirely repetitious. 


However, there are still some misun- 


standings regarding the proper 

the tensile strength value for 

purpose of interpreting the 

tability of gray iron castings and 

terpretation of test bar results 

rineering design. 

ise of a tensile strength speci- 

for gray cast iron has been 

d from time to time, on the 

t gray iron castings are not 

subjected to a tensile load, 

st to a load in any way 

urate with the sections in- 

For this reason, both chem- 

sition and Brinell hardness 

n used as alternate specifica- 

mutual agreement between 
lucer and the consumer. 


Here again, however, misunder- 


may occur because of the 
such specifications do not 
y result in the production 
quality irons from different 





* Tensile strength, as one meas- 
ure of gray cast iron quality, 
and Brinell hardness and chemi- 
cal composition as alternate 
specifications for gray iron engi- 
neering applications do not 
necessarily result in irons pro- 
duced under various conditions 
being of the same quality and 
possessing the same properties. 
The need for a simple method of 
correlating and interpreting 
these properties of gray cast 
iron to permit of more accurate 
applications is apparent. 





foundries. Unfortunately, two irons 
of the same Brinell hardness, or even 
of the same chemical analysis, do not 
always exhibit the same mechanical 
properties, structure, or satisfactory 
combination of properties when pro- 
duced under various conditions. 


Mechanical Properties 

It is believed that the reasons for 
observed variations in the quality of 
irons of either identical _ tensile 
strength, Brinell hardness number, or 
chemical composition require some 
discussion. There is an equal or 
greater need for some reasonably 
simple method of correlating and in- 
terpreting these properties of iron 
in order to facilitate more nearly 
correct applications of irons of dif- 
ferent characteristics. 

Basically — and practically — gray 


cast iron is not a material; it is a 
generic name for a “family” of ma- 
terials possessing certain related 
characteristics. 

In most cases, the tensile strength 
specification is not utilized as an in- 
dication of the ability of a given 
casting to resist a tensile stress. Its 
greatest value is as an indication of 
the other qualities of the gray cast 
iron which are required in any spe- 
cific application. 

For example, a casting consumer 
may rightly feel that a gray iron cast- 
ing of 50,000 psi. tensile strength will 
be more satisfactory than one having 
a tensile strength of 20,000 or 25,000 
psi. In an application in which the 
casting is submitted to various types 
of stresses, but in which no tensile 
stress is involved. 

Unfortunately, the use of the ten- 
sile test as a measure of quality of 
gray cast irons does not take into 
consideration the fact that irons of 
a given tensile strength can and do 
vary widely in quality and behavior 
under other conditions, depending 
upon the chemical composition and 
the method of manufacture. For ex- 
ample, an iron produced by good 
melting technique and with a given 
“balanced” chemical analysis may 
exhibit a tensile strength of 45,000 
psi. with a low Brinell hardness 

Presented at a Symposium on Engi- 
neering Properties of Gray Iron Session 
of the Fiftieth Annual Meeting, Ameri- 


can Foundrymen’s Association, May 8, 
1946, at Cleveland. 
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Fig. l (Top left)—Relationsh PD between 
tensile strength and carbon equivalent [car 
bon plus 1/3 silicon) of gray cast iro 


Fig. 2 (Above)—Tensile strength and car 
bon equivalent (carbon plus 0.3 silicc 
relationship. Fig. 3 (Bottom left)—Carbor 


equivalent (carbon plus 1/3 silicon plus | 2 
phosphorus) and tensile strength relation 





number and be relatively 
machine. 

On the other hand, another 
produced by a faulty melting t 
nique, but of a composition wh 
should permit of a tensile strengt! 
of 60,000 to 70,000 psi. may read 
have the same tensile strengt 
45,000 psi., but possess a high Brine 
hardness number, and relatively | 
machining characteristics, and be 
unsatisfactory in wear-resist 

The use of the Brinel! hard: 
number as a measure of qual! 
frequently unsatisfactory for 
same reasons described prev! 
Such a test could only enti! 
satisfactory as a measure o! 
ity of iron, if all the ot 
of production were know! 
be interpreted correctly. ! 
news to most engineers t! 
hardness number does no! 
indicate the degree of n 
of gray cast irons mad 
foundries and under di 


ditions. 
The use of chemical! 
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purpose of defining 
haracteristics of gray 
ls for reasons similar 
ed to tensile strength 
i Br rdness. 

re identical gray iron 
ntical composition may 
sical and mechanical 
the extent that an in- 
dry may meet a chem- 
tion and, at the same 
rtently produce an un- 
roduct from the stand- 

ngineer or consumer. 


Relationship Between Tensile Strength 


and Chemical Composition 
In an effort to clarify relation- 
bet : the tensile strength and 
er properties of gray iron castings, 
th have made an attempt to 
the extent of correlation be- 
strength, Brinell hard- 
and composition with the aid 
craphs plotted from information 
tained on commercial gray cast 
produced by members of the 
Iron Research Institute, Inc. 
Perhaps the most important rela- 
nship is that between tensile 
ngth and composition, since it 
fers a convenient measuring stick 


for the foundryman, the engineer, 


, : 
r both 


Cast Iron Test Bars 

For the purpose of this study, 82 
commercially produced cast iron test 
bars were chosen at random from the 
hundreds of bars made available 
through a cooperative research effort 
being conducted at Battelle Memo- 
rial Institute. The test results and 
the chemical analysis of the irons 
used were obtained by the individual 
foundry in the course of routine con- 
trol without previous knowledge of 
the fact that the results would sub- 
sequently be used for special study 
like the one undertaken. 

After the relationships which fol- 
low were established, their accuracy 
was demonstrated by utilizing infor- 
mation obtained from experimental 
gray Cast iron melts, from other com- 
mercially produced gray cast iron 
melts, and from the data contained 
in the A.F.A. publications, Cast 
Metrats HANpBook and ALLoy 
Cast Irons, as well as in other 
handbooks. 


Carbon Equivalent Concept 

The most logical approach to- 
ward establishing the relationship 
between tensile strength and chem- 
ical composition involved the use of 
what is known as the carbon equiva- 
lent concept. The method of pres- 
entation utilizes both the total car- 


Fig. 4 (Below) —Relationship of tensile strength-Brinell hardness ratio to carbon equiv- 
alent [carbon plus 1/3 silicon). Fig. 5 (Right)—Tensile strength-Brinell hardness ratio 


and carbon equivalent (carbon plus 1/3 silicon plus 1/3 phos- a 
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bon and the silicon contents of gray 
cast iron in the form of a single 
value. 

Although the percentages of total 
carbon, of silicon, or of carbon plus 
silicon have no significance in them- 
selves in demonstrating a relation- 
ship between strength and composi- 
tion, these values can, when utilized 
in accordance with the carbon equiv- 
alent concept, give a value, expressed 
in percentage, which may be plotted 
against the values for tensile strength 
or for other physical properties to 
show a simple relationship between 
composition and a property of the 
iron. 


Alloying Elements 

In the application of the carbon 
equivalent concept, normal manga- 
nese and sulphur contents must be 
assumed and the iron must be sub- 
stantially free from alloying elements 
such as nickel, copper, chromium, 
molybdenum, and vanadium. How- 
ever, similar relationships may be 
established for the alloyed irons 
when the amount and type of alloy 
is known and when its effect for any 
given carbon equivalent has been 
determined. 

The published information on car- 
bon equivalents indicated that there 
are several ways in which they may 
be calculated from the total carbon 
and silicon contents. In this work, 
five of these formulas have been 
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utilized in order that the degree by 
which they differ, one from the 
other, could be determined. It was 
anticipated that one formula might 
prove more consistent than any of 
the other four in providing a rela- 
tionship between composition and 
strength. 

The gray cast irons used are listed 
in Table 1 and cover the range of 
total carbon content from 2.70 per 
cent to 3.70 per cent with silicon 
from 1.3 per cent to 3.0 per cent, 
and phosphorus from 0.06 per cent 
to 0.80 per cent. The carbon equiva- 
lents calculated from these data 
range from 3.45 per cent to as high 
as 4.64 per cent. This is considered 
normal for unalloyéd gray cast irons 
within the tensile strength limits of 
20,000 to 50,000 psi. 

Although the calculation of the 
carbon equivalent of a given iron by 
the five methods permitted variations 
as great as 0.30 per cent in the ulti- 
mate value, it was observed that 
three of the five methods covered 
the range of such variations ade- 
quately, and that the other two were, 
to ail intents, duplications of one 
or another of the three. 


Carbon Equivalent Calculation 

Therefore, in presenting the rela- 
tionship between the tensile strength 
of gray cast iron and its carbon 
equivalent in the form of graphs, 
only three methods for the calcula- 
tion of the carbon equivalent were 
utilized. The resulting graphs are 
shown as Figs. 1, 2 and 3. 

Fig. 1 includes the data on tensile 
strength plotted against carbon 
equivalent derived from the formula 
carbon plus 1/3 silicon (C + 1/3 
Si). Fig. 2 was prepared using the 
formula carbon plus 0.3 per cent 
silicon (C + 0.3 Si) for carbon 
equivalent, while Fig. 3 was pre- 
pared with the carbon equivalent 
derived from the formula total car- 
bon plus 1/3 silicon plus 1/3 phos- 
phorus (C + 1/3 Si + 1/3 P). 
The fields included by the shaded 
areas in Figs. 1, 2 and 3 are sufficient 
to include the regions covered by 
the five formulas for carbon equiva- 
lent. 

Regardless of the method used for 
calculating the carbon equivalent, a 
definite relationship between the ten- 
sile strength and the carbon equiva- 
lent is obvious from the character 
of the shaded areas in Figs. 1, 2 and 
3. As one would anticipate from the 
nature of the information, the data 





fall within zones or bands rather 
than on lines, even when the data 
are further divided by differentiating 
between those irons poured directly 
into test bar molds and those receiv- 
ing, just prior to pouring, some type 
of ladle treatment referred to as in- 
oculation. 

It was not considered necessary to 
differentiate between those irons 
treated or inoculated with the so- 
called graphitizing type materials 
from those treated with the “stabiliz- 
ing” inoculating treatment, since the 
difference is readily observed in the 
graphs. 


In order to avoid the possibility 


Gr 


that references to ji; 
may not be underst 
ing passage is quo! 


A.F.A. ALLoy Cas7 Stn a 
scribe the agents used - 
tion treatment: | 
“Tnoculants or ino: ing all 
are those materials which are added 
to molten cast irons in the ladle f 
the purpose of altering «, modifying 
the structure and thereby jm, roy th. 
the physical and mechanical proper. 
ties to a degree not explainable 


the basis of the change in compos. 

tion resulting from their use.” — 
The stabilizing inoculants referped 

to in Figs. 1, 2 and 3 introduce sma 











Table 1 


CARBON EQUIVALENTS OF 82 Gray Cast IRONs 


Ratio of 
rs Tensile Total Total 
Tensile Strength Carbon Carbon 

Strength, to Brinell oe 
pst. Hardness VY Si 3 St 
51,500° 224 3.53 3.45 
51,000’ 234 3.59 3.52 
49,000? 218 3.64 3.58 
47,000" 216 3.81 3.74 
45,500" 198 3.81 3.75 
45,500 215 3.78 3.71 
45,000? 192 3.79 3.68 
43,500" 200 3.84 3.77 
43,000" 179 3.82 3.75 
43,000? 187 3.89 3.82 
43,000’ 190 3.76 3.69 
42,500" 216 3.86 3.78 
42,500" 186 3.87 3.78 
42,000’ 184 3.73 3.66 
42,000" 203 3.83 3.77 
41,500" 182 3.77 3.70 
41,000 182 3.75 3.68 
41,000 187 3.72 3.65 
41,000? 181 pS 3.66 
41,000' 192 3.98 3.90 
41,000° 197 3.94 3.86 
41,000? 190 3.94 3.86 
40,500? 189 3.82 3.75 
40,500? 180 3.94 3.87 
40,000? 182 3.92 3.85 
40,0007 178 3.73 3.68 
40,000 185 3.81 3.72 
39,500 183 3.90 3.84 
38,500" 186 4.06 3.96 
38,500 178 3.95 3.88 
38,500 179 3.95 3.88 
38,500" 177 3.81 3.73 
38,0007 183 3.96 3.90 
38,000" 188 3.89 3.81 
38,000 178 3.87 3.80 
38,000 175 3.93 3.85 
37,500" 176 4.13 4.03 
37,000" 181 3.98 3.91 
37,000 176 3.92 3.86 
37,0007 175 4.21 4.12 


'Treated with graphitizing inoculant. 
*Treated with stabilizing inoculant. 


(Table 1 continued on following page) 


Total 
Carbon 


Ys (Si+P) 
3.56 
3.69 
3.67 
3.87 
3.84 
3.82 
3.78 
3.92 
3.85 
3.92 
3.79 
3.90 
3.90 
3.78 
3.88 
3.82 
3.85 
3.83 
3.83 
4.01 
3.97 
3.97 
3.85 
4.02 
3.96 
3.78 
3.91 
3.98 
4.15 
4.03 
4.03 
3.91 
4.01 
3.95 
3.95 
4.01 
4.22 
4.06 
4.02 
4.29 


Total 
Carbon 
3 (St +P) 
3.49 
3.61 
3.61 
3.80 
3.78 
3.75 
3.71 
3.85 
3.78 
3.85 
3.72 
3.82 
3.81 
3.70 
3.81 
3.74 
3.77 
3.74 
3.75 
3.93 
3.89 
3.89 
3.78 
3.94 
3.89 
3.71 
3.82 
3.91 
4.04 
3.95 
3.95 
3.82 
3.94 
3.86 
3.88 
3.92 
4.11 
3.98 
3.95 
4.14 


3.56 
3.65 
3.68 
3.85 
383 
3.82 
3.79 
3,89 
3.86 
3,9] 
3.80 
3,99 
3.89 
3.75 
3.88 
3.82 
3.85 
3.82 
3.84 
4.01 
3.96 
3.96 
3.86 
4.01 
3.97 
3.78 
3.90 
4.00 
4.16 
4.03 
4.03 
3,91 
4.01 
3.95 
3.96 
4.01 
4.22 
4.07 
4.02 
4.28 
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the alloying element 
itherwise, there is no 
mposition, other than 
ndicated by the carbon 
Che lowest line in each 
nd 3 defines the range 
values obtained for the 
commercial irons of the 
whereas the second 

he bottom defines the 
nimum values for all of 
d irons of the same se- 


The top line in each of Figs. 1, 2 
es the range of maximum 
neth obtained from the 
culated irons, while the second 


line from the top defines the rang: 
of maximum tensile strength ob- 
tained for the uninoculated cast 
irons of this series. In order to test 
the accuracy of location of the 
shaded bands of Figs. 1, 2 and 3. 
the values for tensile strength and 
carbon equivalent, contained in nu- 
merous publications together with 
other test bar results, were found to 
fall within the areas included in Figs. 
1, 2 and 3. 

Inasmuch as the data utilized in 
this paper cover a wide range of 
commercial melting techniques and 
foundry practices, it is reasonably 
safe to assume that the relationships 





Table 1 (Continued) 


CaRBON EQUIVALENTS OF 82 Gray Cast IRONS 


Ratio of 


Tensile Total Total Total Total 
: Strength Carbon Carbon Carbon Carbon 4.3+-C 
ngth to Brinell + + + + (4.3-.33 St) 

Hardness Ve St 3 Si \Y (Si+-P) 3 (Si+-P) (1-1 P) 

175 3.79 3.73 3.82 3.72 3.83 

£500 162 3.72 3.65 3.75 3.68 3.75 
176 4.20 4.12 4.27 4.18 4.26 

On 165 3.97 3.89 4.06 3.97 4.03 
173 4.02 3.94 4.10 +.01 4.10 

172 3.88 9.81 3.91 3.83 3.9] 

; 172 4.20 4.11 4.27 4.17 4.26 

) 165 4.28 4.19 4.37 4.27 4.36 

167 4.11 4.03 4.18 4.09 4.18 
170 4.16 4.08 4.23 4.14 4.22 

5 172 4.07 4.00 4.14 4.06 4.13 
165 4.18 4.10 4.26 4.17 4.25 

17 4.09 4.01 4.17 4.08 4.15 

2 170 4.12 4.04 4.19 4.10 4.19 
165 4.17 4.09 4.25 4.15 4.24 

? 170 4.26 4.17 4.34 4.23 4.33 
2,000 169 4.09 4.02 4.16 4.08 4.16 
2,000? 167 4.22 4.14 4.29 4.20 4.32 
2,000 165 4.10 4.02 4.17 4.08 4.16 
50 163 4.22 4.13 4.30 4.15 4.31 

10 160 4.18 4.10 4.25 4.16 4.24 
29.500 163 4.20 4.12 4.29 4.20 4.28 
29,500 161 4.18 4.10 4.27 4.18 4.26 
29.500 167 4.21 4.13 4.28 4.19 4.26 
29.500 160 4.14 4.06 4.22 4.12 4.21 
28,501 155 4.27 4.19 4.36 4.27 4.35 
7,500 153 4.14 4.05 4.23 4.13 4.22 
7,00 159 4.32 4.23 4.39 4.29 4.37 
160 4.29 4.20 4.38 4.28 4.37 

158 4.23 4.15 4.30 4.21 4.30 

151 4.33 4.24 4.42 4.32 4.40 

153 4.29 4.20 4.36 4.26 4.36 

4,51 151 4.29 4.20 4.36 4.26 4.36 
900? 143 4.32 4.24 4.52 4.42 4.52 
00 135 4.39 4.31 4.46 4.37 4.45 

. 140 4.44 4.35 4.64 1.53 4.60 
2,90 133 4.29 4.21 4.49 4.39 1.48 
22,00 137 4.29 4.20 4.36 4.26 4.36 
1,90 130 4.39 4.30 4.59 4.48 4.58 
7,90 134 4.43 4.35 4.50 4.40 4.48 
00 120 4.45 4.36 4.51 4.41 4.49 
0 127 4.46 4.38 4.52 4.43 4.51 


'Tre with graphitizing inoculant 
Trea with stabilizing ) Bomar ney 
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indicated apply to most unalloyed 
gray cast irons being produced at 
the present time within the compo- 
sition range indicated. It is possible 
that lower minimum values are ob 

tainable under some conditions, but 
such occasions should be rare 

Although a value for phosphorus 
may be included as one of the vari 
ables of the carbon equivalent for- 
mula, on the basis of the theoretical 
effect of phosphorus on the eutectic 
composition of cast iron, the evi- 
dence in Figs. 1, 2 and 3 would indi- 
cate that using phosphorus in the 
formula does not improve the com- 
patibility of the carbon equivalent- 
tensile strength relation. 

The shaded zones shown in Figs 
1 and 2 (without the phosphorus) 
are narrower than the comparable 
zones of Fig. 3 (with the phospho- 
rus). The only “high” phosphorus 
irons in the series studied are among 
those above 4.1 per cent in carbon 
equivalent. 

As previously mentioned, the in- 
formation presented graphically in 
Figs. 1, 2 and 3 was obtained from 
production heats of gray cast iron 
made under the widest possible range 
of cupola operation and foundry 
technique. Furthermore, all testing 
and chemical analysis was done using 
routine methods and in plant con- 
trol laboratories. 

A foundry, therefore, utilizing con- 
sistent melting, testing, and analyz- 
ing procedures may be expected to 
produce irons which will fall in a 
narrower band than those shown in 
Figs. 1, 2 and 3. For example, less 
scatter would probably have been 
obtained if standard ASTM methods 
or extremely accurate research meth- 
ods of chemical analysis were em- 
ployed instead of the routine check 
methods actually used. 


Permissible Analytical Error 


According to the ASTM standards 
for chemical analysis, the permissible 
error in analysis would account for 
a spread of 0.10 per cent in carbon 
equivalent. Inasmuch as highly ac- 
curate technique is not required in 
routine check methods, not all the 
analytical data utilized in obtaining 
Figs. 1, 2 and 3 can be assumed to 
be within the accuracy of 0.10 per 
cent carbon equivalent. 

Hence, while one cannot question 
but that some of the spread in ten- 
sile strength shown in the graphs 
may be accounted for by variations 








a 



































Table 2 


RELATION OF STRUCTURE TO TENSILE STRENGTH-BRINELL HARDNEss RATIO* 


Tensile Strength 
Divided by 
Brinell Hardness 

210 and up 
190 to 210 
180 to 190 
160 to 180 

Below 160 


*Written discussion by T. E. Barlow and R. G. 


(1942) 


Structure 


Normal graphite, smallest cell 

Normal graphite, small cell 

Normal or low percentage ““Type D” graphite, medium cell size 
“Type D” graphite, variable cell size 

Completely ‘““Type D” graphite, large cells, or free ferrite 


McElwee, A.F.A. Transactions, vol. 50, p. 1099 








in structure of the metal which may 
also profoundly affect the tensile 
properties, still part of the spread 
could arise from inaccuracies in the 
analytical and physical data. 

Since the relationship between ten- 
sile strength and carbon equivalent 
takes the form of a band or zone, 
rather than a single line, relative 
position within the zone may be a 
direct measure of relative quality. 
For example, irons defined by the 
upper limit of the shaded area in 
Fig. 1 may be considered to be “pre- 
mium” irons. 

The structure of such “premium” 
irons would indicate maximum re- 
sistance to wear, maximum trans- 
verse properties (including deflec- 
tion), maximum machinability for 
the strength obtained, and maximum 
impact properties for a given carbon 
equivalent. 

On the other hand, gray cast irons 
described by the lower line of the 
tensile strength-carbon equivalent 
band may be expected to exhibit 
excessive chilling tendencies, lower 
impact properties, less desirable ma- 
chining characteristics, and lower re- 
sistance to galling and scratching for 
a given carbon equivalent. 

Tensile Strength to Brinell Hard- 
ness Ratio. A common method of 
specifying the physical and mechan- 
ical properties of gray cast iron is 
by Brinell hardness number; the 
assumption being that the tensile 
strength is roughly proportional to 
Brinell hardness and can be calcu- 
lated by simply multiplying the 
Brinel!l hardness by an empirical fac- 
tor. In most cases this factor is 200, 
although there are instances where 
factors of lower values are being 
utilized. 

The ratio of tensile strength to 
Brinell hardness for gray cast iron, 
unfortunately, is not a constant but 


is affected by variables associated 
with microstructure, etc., that gen- 
erally reflect more upon one property 
than upon the other. The ratios for 
the irons studied in this series are 
included in Table 1. They vary from 
as low as 120 to 1 to as high as 
234 to 1. 


Apparently, the value for the ratio 
varies with chemical composition, 
becoming smaller as the carbon 
equivalent increases. In Fig. 4, the 
relation between the ratio and car- 
bon equivalent is presented graph- 
ically, using as the carbon equiva- 
lent, carbon plus 1/3 silicon (C + 


1/3 Si). 


Figure 5 contains the same infor- 
mation, but expressing the carbon 


equivalent as carbo: 
con plus 1/3 phosph: ( 
Si + 1/3 P). Sin 

value for phosphoru 
equivalent formula 
crease the scatter of Ps 
than to narrow it, th: vain 
sion C + 1/3 Si, shown in } 

is used subsequently ir 

The same techniqu 
ting the curves of Fig: aad 
employed in Figs. 4 and 5 for 
ignating treatments of the irons 
these figures, however, the |, 
boundary of the zone for inocy! 
irons is the same as for the uninor». 
lated irons. Therefore, the cen 
line defines the maximum { 
uninoculated irons rather than ¢j 
minimum values for the inocy! 
irons. 

Although the graphs of Fig 
indicate that the tensile strengt! 
Brinell hardness ratio is a functio 
composition (C + 1/3 Si), a wid 
range of ratio values exist for ¢ 
same given carbon equivalent. This 
is particularly true in the lower car 
bon equivalent or “hard iron” rang 
The spread in ratio values for t! 
lower carbon equivalent irons is sig 
nificant as an indication of structu 
and physical properties other thar 
tensile strength and Brinel! hardn 

The relationship between the t 
sile strength, Brinell hardness, and 








Table 3 
RELATIONSHIP BETWEEN STRUCTURE AND TENSILE STRENGTH TO BrINELI 
HARDNESs RatTio—LISTED By COMPOSITION RANG: 


Carbon 
Equivalent, 
per cent 


3.45-3.65 


Tensile Strength 
Divided by 
Brinell Hardness 
210 and over 
190-210 
180-190 
170-180 


160-170 
160 and below 
210 and over** 

190-210 

180-190 


3.65-3.85 


170-180 


160-170 
190-210 
180-190 
170-180 
160-170 
160 or below 


3.85-4.20 


and poor transverse properties. 
*Very few irons in this range. 


*“Type D” graphite—A.F.A.-A.S.T.M. graphite flake size chart—also called modi! 
dendritic, pseudo-eutectic, etc. Undesirable for wear resistance; low deflection, low | 


Structure 

Smallest cell, normal graphite 

Small cell, normal graphite 

Medium cell, some “Type D”* graphite 

Large cell, some “Type D”—medium cell, 
completely “Type D” 

Large cell, partial “Type D” 

Large cell, complete “Type D 

Smallest cell, normal graphite 

Smallest cell, normal graphit« 

Medium cell, normal graphite or small ce! 
partial “Type D” 

Large to medium cell with partial “Typ 
D” graphite 

Large cell, ““Type D” graphite or Ire 

Medium cell, normal graphit: 

Medium cell, large normal graphit« 

Medium or large cell, some “Type D 

Large cell, “Type D” graphit« 

Free ferrite, “Type D” graphit 


eutectiiorm 


hness values 
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of gray cast iron was 
Adams’ in 1942. Adams 
formation on the cell 
size and distribution, 
tion of irons of various 
mechanical properties. 
eure | to classify these irons 
Fic 4 ae f their cell size, graph- 
shite type, and graphite 





\ written discussion, presented by 
wee and T. E. Barlow,’ 
rons. |; tempt correlate the same data 
; of the tensile strength- 
Oculated ell dness ratio. The discus- 
ininocu- » included the information shown 


This table may be modified by the 
han th clusion of the effect of chemical 
ulat mposition as indicated in Fig. 4. 

On this basis, the relationship be- 
Fig. 4 seen the tensile strength-Brinell 
rengt! vdness ratio and the microstruc- 
Ction of ‘re is tabulated in Table 3. 


apelen, Structure Type 
[he relationship indicated in Fig. 
vate {confirms the experimental informa- 
| n presented by Adams' in spite of 
fact that the approach to the 
roblem was different. Furthermore, 
| interesting agreement exists be- 
tween the shaded areas of Fig. 4 and 
change in the type of structure 

s indicated in Table 3. 

For example, the center line of 
Fig. 4 passes through the points 
sted in Table 3 as the limiting 
ratios for completely normal graph- 
e distribution. Thus, in the lower 
bon equivalent irons (3.45-3.65 
er cent), those irons having a ratio 

190 or greater show normal 
graphite distribution with variation 
nly in cell size and graphite size 
‘ the higher the ratio the smaller the 
well ell size and the more refined the 

graphite flake). 

Of those irons having a ratio of 
than 190, all contained some 
‘Type D” or modified graphite in 
their microstructures. Therefore, the 
cel value for the tensile strength-Brinell 
hardness ratio within a given range 
of carbon equivalent is a function 
: ize, graphite size, and the 
percentages of “Type D” graphite 
‘tructures present in the test bar; 
the lower values indicate the larger 
ell size and the greater percentage 
‘the undesirable “Type D” graph- 

ures present. 
n the composition range 3.65 


pe 


r + 
ernte i Cell 


iform Ité sty 


values Ww + 


to 5.80 per cent carbon equivalent, 





relatively few irons have a tensile 
strength-Brinell hardness ratio of 
210 or greater. Most of the irons 
containing normal graphite struc- 
tures and extremely small cell size 
have a ratio in the range of 190 to 
210. Therefore, in this composition 
range, the maximum ratio obtained 
is limited by composition as well as 
structural considerations. 

Of the higher carbon equivalent 
irons studied, the difference between 
maximum and minimum ratios ob- 
tained are a function of structure. 
Although the variations are less pro- 
nounced in this range, cell size is re- 
stricted by composition and cooling 
rate, and the amount of “Type D” 
graphite is reflected in lower ratio 
values. 

However, ratio values as low as 
120 in high carbon equivalent irons 
do not necessarily indicate that they 
contain “Type D” graphite, since in 
this case the high carbon and silicon 
content promotes the formation of 
free ferrite in the 1.2-in. test bar. 
The presence of ferrite accounts for 
the low ratios obtained in the irons 
of high carbon equivalent values, the 
effect of graphite distribution and 
cell size merely controlling the rela- 
tive position within the shaded area 


of Fig. 4. 


Conclusions 

Since both published and unpub- 
lished information confirms the rela- 
tionships indicated in this paper, the 
following observations can be made: 

1. In the absence of alloying ele- 
ments, the tensile strength of gray 
cast iron in a 1.2-in. arbitration bar 
is a- function of composition ex- 
pressed as total carbon plus 1/3 
silicon or the carbon equivalent. 

2. Graphical presentation of the 
relationship between tensile strength 
and carbon equivalent may be util- 
ized: to advantage to indicate the 
relative quality of gray cast iron and 
to provide the engineer with an in- 
dication of machinability, wear re- 
sistance, and other essential engineer- 
ing characteristics. 

3. Dividing the value for tensile 
strength by the Brinell hardness 
number gives a value which is a 
function of the carbon equivalent 
(carbon plus 1/3 silicon). 

4. The ratio of tensile strength to 
Brinell hardness for any given chem- 
ical composition is also a function 
of the structure of cast iron as indi- 
cated by the cell size, the graphite 
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structure, distribution of the graph- 
ite, and the character of the matrix. 

5. If the value for the tensile 
strength divided by Brinell hardness 
number is known for an iron of any 
given carbon equivalent, the relative 
quality of that iron is indicated by 
its position on a curve relating the 
ratio and the carbon equivalent. 

6. High values for the tensile 
strength-Brinell hardness ratio indi- 
cate small cell size, refined graphite 
particles, normal graphite distribu- 
tion, and relative freedom from fer- 
rite. Conversely, low ratios with a 
given carbon equivalent indicate 
large cell size, large graphite flakes, 
modified or “Type D” graphite 
structure, or the presence of ferrite 
resulting either from modification or 
structure or from composition. Such 
latter irons can be expected to pro- 
vide mediocre wear resistance, low 
deflection values, low impact 
strength, and low transverse prop- 
erties. 

7. The Brinell hardness number 
of gray cast iron is an indication of 
machinability only when the carbon 
equivalent is known, since a low 
tensile strength-Brinell hardness ratio 
may be the limiting factor. 

8. In cases where both the tensile 
strength and the Brinell hardness 
number must be specified, their ratio 
should be compatible with respect to 
chemical composition and the type 
of structure obtainable. 
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DISCUSSION 


Chairman: R. G. McEtweer, Vanad- 
ium Corp. of America, Detroit. 

Co-Chairman: W. E. Manin, Armour 
Research Foundation, Illinois Institute of 
Technology, Chicago. 

R. ScHNEmEewtIND': I would like to 
ask Dr. Lorig whether, when the rela- 
® > Tensile Strength . 
tionship “Brincll Hardness less than 
190, he has not also found considerable 
ferrite in the structure. 

Dr. Loric: The amount of ferrite 
which forms, particularly when carbon 
equivalent values become high is an im- 
































portant factor as far as the hardness and 
strength are concerned 

A. J. Dupo’: Was an effort made to 
control the pouring temperature? Were 
the bars selected? 

Dr. Loric: No attempt was made to 
control the casting conditions. These 
bars were randomly chosen from produc- 
tion They from a 
group of bars made available to us and 
we know little about the actual condi- 
tions under which they were cast. 

Mr. DusBLo: Would it not be possible 
that the chilling effect interfere 
with the composition? 

Dr. Loric: Yes indeed. Then, of 
course, there are the additional factors of 
the variations in foundry practices and 
variations: that come through chemical 
analysis including such elements as man- 
ganese and phosphorus and residuals. 

Dr. R. A. FLinn*®: We were interested 
in Dr. Lorig’s statistical study of these 
different heats. Some people have begun 
to think of carbon equivalent as a funda- 
mental property. Dr. Lorig indicated 
that it is an empirical factor. We wonder 
if any approach has been made by the 
excellent statistical staff at Battelle Insti- 
tute to correlate these properties more 
fundamentally? 

Tensile strength is a function of the 
state of the carbon and the state of the 
We have been able to approach 


melts. were chosen 


would 


matrix. 


a quantitative evaluation of structure by 

this method that is more fundamental. 
Complete analyses of the specimens 

would provide a valuable addition to this 


paper. There were two Class 50 irons 
shown on the curve. It would be inter- 
esting to include some Class 60 and 70 
irons also. 

Dr. Loric: In answer to the first part 
of the question, we have done nothing in 
regard to further correlating properties 
with structural characteristics of the iron. 
I think it is a very interesting approach 
and I am glad that you are doing it. 

In regard to including in the tests some 
values of Classes 60 and 70 irons, I don’t 
know whether that would be possible. In 
order to obtain such tensile values it 
would be necessary to alloy. We have 
purposely omitted the alloyed irons from 
the analysis. 

Dr. SCHNEIDEWIND: ‘The 
carbon equivalent is not necessarily an 
arbitrary or empirical expression. It is 
based on the composition of iron-carbon- 
silicon eutectics. The expression C+ Si 

4.3 shows the relationship between C 
and Si at eutectic compositions and is 
accurate up to about 6 per cent silicon. 

Alloys naturally modify the expression. 
C+% Si is therefore the carbon equiva- 
lent and is a measure of the amount of 
graphite one normally would expect in a 
gray iron which does not contain mas- 
sive cementite. 

H. C. AmtssBerc*: I would like to ask 
Dr. Lorig if his field covers all gray iron? 
Dr. Loric: They are all gray irons 

Co-CHAIRMAN MAHIN: Were these 
bars all the same in as-cast size? 

Dr. Loric: Yes. 

Co-CHAIRMAN MAHIN 


so-called 


So that mat 


Gr 


ter of chill that Mr. D 
would at least be a cons 

C. H. Junce’®: I was 
following approach to 
gray iron would lead a: 
20th Campbell Memoria 
Maxwell Gensamer ind 
strength of iron-carbon a 
dicted by the dispersior 
phase. The logarithm of 1 
of ferrite path between 
is found to be linearly 
stress at 0.2 per cent eff: 
gardless of the shape of 
ticles in the aggregate. 

Could the length of th 
graphite particles in grey 
to the strength properties 
manner? Of course, we h 
tional variable of possible c} 
strength of the matrix itself, 
the approach have merit? 

Dr. Loric: That angle has ; 
considered in this work, but i: 
tions of malleable iron we did not 
relationship between the dist 
various particles. 


CHAIRMAN MCcELwee: I would 
to call Dr. Flinn’s attention to the 


that all of the changes in phys 
erties can not be attributed to 
structure. 


1University of Michigan, Ann Arbo: 

*Sterling Foundry Co., Wellington 

3American Brake Shoe Co., Mahwal 

*Westinghouse Electric Corp 
Penna. 
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STEEL FOUNDRY CONTROL 


+ This paper deals with control in steel melting, sand proc- 
essing and testing, heat treatment and inspection. Also 
discussed are determination of heat analysis, slag control, 
temperature control, fluidity testing, deoxidation control, in- 
clusions in steel, metallographic examination and physical 
testing of steel. 
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East Chicago, Ind. 


Controt in the steel foundry for 
tical purposes can be broken 


ractical 


wn into four classifications. They 


Control in Melting 

Control in Sand Processing 
Control in Heat Treatment 
Control in Inspection 


Melting Control 

Need for control in any process is 
niversally recognized, for only by 
maintaining control can a process 
be run with a minimum of time and 
expenditure. The task of producing 
astings of uniform quality and 
roperties requires the use of effec- 
tive control at the origin of. the 


Stir 


ing, the melting process. 


Control of the melting process 
should begin with the inspection of 
ncoming raw materials. This means 
analyzing all materials used in the 
heat, such as scrap, pig iron, fuel, 
ime and ferro-alloys and immedi- 
itely rejecting any unsuitable for 

[he mechanical features of all 
types of furnaces have also been 
-atly improved over the years to 
aid the operator in closer control of 
nelting operation. Modern fur- 
haces are equipped with the neces- 
‘ary controls for draft, air supply, 
‘uel and reversal. A modern open 


hearth instrument panel is shown in 
Fig 
In actual melting process the 


primary objective of the melter is to 


finish the heat with the desired 
chemical analysis at the correct tem- 
perature for pouring. The meltet 
has a number of methods to aid him 
in controlling the chemical analysis 


Determining Carbon Content. An 
experienced melter can estimate the 
carbon content of a steel bath with- 
in a few points by examining the 
fracture of a sample block which 
has been broken in half. However, 
several methods less subject to the 
human element have been developed 
for fast and accurate carbon deter- 
minations. 

One of these is the carbanalyzet 
which is based on the fact that mag- 
netic permeability of the steel is di- 
rectly related to the carbon content. 
This instrument will give readings 


Fig. 1 


in two minutes. One disadvantage of 
it is that it is not sufficiently accu- 
rate in the presence of alloys, unless 
it has been calibrated for that par- 
ticular range of alloy content. 

When alloys are present, the most 
reliable method is the combustion 
method wherein the carbon in the 
sample is burned to carbon dioxide 
and then the amount of carbon di- 
oxide formed is measured, either 
gravimetrically or volumetrically, to 
give the carbon content 

Apparatus for the volumetri 
method is shown in Fig. 2. The vol- 
umetric analysis gives an accurate 
determination in two minutes which 
is considerably faster than the gravi- 
metric process 


Another method of carbon analy- 


Instrument panel for open hearth furnace control. 
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sis is based on the fact that the as- 
quenched hardness of a steel is de- 
pendent on the carbon content and 
thus by taking a hardness reading 
on a quenched sample the carbon 
content is obtained. This method of 
the 
not satisfactory when the total alloy 
content is too high. All these meth- 
detail in the 


determining carbon content is 


ods are described in 
literature. 
Manganese Content. An analysis 
for manganese must also be made 
before tapping so that additions may 
the 
range. Manganese does not vary so 
rapidly as carbon so that the time 


element in analysis is not as impor- 


be made in finish in required 


tant as in carbon. 
Silicon Content. 
con analyses are not rapid enough 


The common sili- 


for use on the melting floor and are 
not usually needed except on the 
acid furnace 
can be reduced back into the bath 
from the slag in the furnace and 


electric where silicon 


thus cause troublesome variations in 
the final silicon content. 

However, a test has been devised 
which will give a rapid estimate of 
the 


pouring a sample of the steel into a 


silicon content. It consists of 
small, cup-shaped, dry sand core. 
The 


rises is a measure of the silicon con- 


height to which the sample 


tent. The more silicon that is pres- 
ent, the less carbon monoxide gas is 
evolved and the flatter is the crown 
of the sample. A series of these tests 


is shown in Fig. 3. After a definite 


Fig, 2 








0.13 


Fig. a 


0.16 


Samples from which 


0.19 


rapid estimate 
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0.21 


of silicon wa 


process of acid electric furnace heat. 


procedure has been developed, this 


test is accurate within at least 
eight points of silicon. 

Phosphorus and Sulphur. Phos- 
phorus and sulphur are usually 
checked during the refining period, 
particularly in the open hearth. 

Spectographic Analysis. Another 
means of analysis which is gradually 
being more widely adopted is the 
spectograph. This machine gives a 
rapid analysis of all elements except 
and 


from one sample. It is particularly 


carbon, phosphorus sulphur 
valuable when it is 
know the analysis of all the residual 


elements, such as in melting to hard- 


necessary to 


enability specifications. 


Slag Control 

The most important single factor 
in steelmaking is slag control. In 
fact, it has been aptly stated that if 
the slag is properly made and con- 
trolled, the steel will take care of it- 
self. The whole aim of slag control 
is to determine the 
slag conditions for a particular shop 
and then to manipulate the slag so 
that 
sistently obtained. 


most desirable 


these conditions may be con- 


Volumetric analysis for carbon content. 





















In the basic open hx 
erally resolves itself in 
tory removal of ph 
sulphur and a desired d 
dation at end of refiniy 


Several methods of 


mating slag compositions h 


developed. One of the : 
of these is the slag pai 









which a sample of molten 


poured into a flat round 


produce, actually, a pancak 
An experienced operator ¢ 


mate the basicity of the 
closely by an examinatio: 
the presence of creases or { 
the the 
the lower surface, and th 


upper surface, 


the slag. The iron oxid 
estimated from the fractur 


bas 


iT? 


ontent 


iron slags and from films app 


on the upper surface as ir 
and basicity increase. 


Any detailed plan of 


T 
il 


is necessarily valuable only 1 


plant for which it was dev: 
general, a lime-silica ratio 
2.7 to 3.0 is necessary for 
phosphorus and sulphur re: 

Another method of 


the lime-silica ratio is th 


| 


; } 
Opt 
i 


ett 


OV 


determini 


cosity test. This is used princi 
in acid open-hearth practice and 
based on the fact that the fluidity: 


} 


the slag is proportional to its base- 
acid ratio, the more acid the 


will ru 


the greater distance sla: 


In acid melting, as we know, ther 
is no phosphorus or sulphur remoy 
so that attention is generally directe 


toward obtaining the d 


An important factor 
melter must have under 
The 


self-evir 


imp 
| 


temperature. 
temperature is 
from its effect on furnac’ 
reactions, every ladle sku 
in a casting due to low 

perature raises the cost 
operation. On the othe: 

the metal is too hot, the: 


Temperature Control 
which the 


volume and oxidation conditions 
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f sired 
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nce ol 


Aside 


tal tem- 
foundry 
d. when 


a te nd- 

















Molten metal fluidity test mold. Fig. 5 
dity test casting from a medium plain 
carbon steel. 





Vow! 


nd Fig. 7 (left), Fig. 8 (center) and Fig. 9 (right) Photo- 
micrographs showing three types of inclusions found in 
cast steel. 


Exograph of unsatisfactery Fig 11—Photo of sectioned pouring nozzle shown in Fig. 10. 
pouring nozzle. 
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Fig. 6—Fluidity curve for steel of the 


analysis indicated above. 


ency to obtain a burned-in sand 
condition. Naturally, the best results 
are obtained from the middle of the 
temperature range. 


Spiral Fluidity Test 
Several used to de- 
termine metal temperature. One of 
these tests is the spiral fluidity test 
which is based on the fact that the 
fluidity of steel is dependent mainly 
on its temperature. Thus, if a sam- 


methods are 


ple is poured into the spiral mold, 
the number of inches it travels along 
the spiral gives the temperature from 
a perviously calibrated chart. 
Actually, in practice the fluidity 
test may be standardized directly 
with pouring conditions so that a 
definite minimum fluidity value in 
the furnace may be established be- 


Fig. 12 
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EFFECT OF WET 


U.S. Bureau 
of Standard Before 
Sieve No. Washing 
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Riidinde va 11 
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16.11 
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Per Cent Passing 
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Table 1 
RECLAMATION ON SHAKEOUT SANDs | 
Founpriges Havinc DirFERENT SAND PRAcTICcEs. Re: 

TION OF SLUDGE PRODUCT FROM WASHING System™ 
FOR Fine SAND APPLICATION 
en -Per Cent Retained 


After 
W ashing 


.03 
.24 


3.28 


75 


36.16 
16.80 
8.17 
2.13 


46 


.20 


.26 
.30 


.24 


-—Foundry “B’’— 
Before After 
Washing Washing 
.26 .06 
.26 21 
2.84 2.95 
26.94 30.35 
31.40 35.67 
14.28 16.22 
8.09 
3.30 
92 
31 
.60 
1.08 
45.4 


13.28 





fore the heat should be tapped. Fig- 
ures 4 and 5 show a fluidity mold 
and a fluidity casting from a me- 
dium plain carbon steel. Figure 6 
shows the type of data obtained 
with the fluidity test. 


Immersion Type Thermocouple 

»“Recently, several direct reading 
methods of obtaining molten metal 
temperatures have been developed. 
One of these is an immersion type 
thermocouple composed of a plati- 
num-platinum rhodium thermocou- 
ple encased in a fused quartz tube 
for protection from the bath and 


Chemical analysis quality control chart. 
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slag. The quartz protection 
usually must be replaced after ; 
reading. 


Rayotube. Another unit which 


now in use is the Rayotube. Th 
Rayotube is composed of a long 
open end tube which is inserted int 
the bath with a total radiation py- 


the temperature reading. A stream 
of air is forced through the tub 
continuously to prevent the meta 
from entering the tube. Alt! 
this instrument gives only the appar- 
ent bath temperature, the process is 
consistent from heat to heat so that 
the readings may be correlated with 
foundry practice and control thus 
be maintained. 


10Ugh 


Deoxidation Control 
Another factor which cannot be 


emphasized too strongly is the con- 
trol of deoxidation. Since the use o! 
aluminum as a deoxidizer is neces- 








Table 2 
SrEvE ANALYSES OF 
Smica Flours 
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Standard Silica Flour 
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ical analysis. One type is illustrated 
Table 3 in Fig. 12. The results from in- 
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because of their flexibility and the 
ease with which they may be close- 
ly controlled. The term “synthetic” 
as used here does not imply arti- 
ficiality but a sand mixture which 
has been compounded or synthesized 
from suitable amounts of ingredi- 
ents which have been successful. 
The method of attack for a sand 
control program using synthetic 
sand is first to find a suitable base 
sand and determine what ingredi- 
ents should be used to make the 
castings in question. Control of the 
sand mixes to be prepared is then 
effected by controlling the weights 
of sand, binders, and water added 
to batches of sand, raw materials 
having previously been checked to 
determine whether or not they con- 
form to the required standards. 


Sand Testing 

Sand testing enters the scene at 
this point to measure the physical 
properties of the sand mix made and 
thus ascertain its suitability for the 
purpose intended. When sand mixes 
are first established, their physical 
properties are measured and used as 
a basis for setting up standards with 
which the physical properties of pro- 
duction mixes are compared. 

At this point, it should be empha- 
sized that sand testing will not be of 
maximum benefit to the foundry- 
man if it is used only to reject sand 
whose physical properties are un- 
suitable. Maximum benefit can _ re- 
sult only when results obtained are 
applied to the control of operations 
prior to taking the sand sample. 


Fig. 13—Scab on surface of casting 


The particular property or prop- 
erties of a sand mix which should be 
checked to determine its suitability 
for a given use is dependent on the 
casting being made. Following are 
instances in which various sand tests 
serve to detect sand mixes which are 
likely to cause casting defects. 

Moisture Content. The moisture 
content of a sand mix has a very 
important effect on the physical 
properties and performance of the 
mix when used to make actual cast- 
ings. High moisture content may re- 
sult in blows, scabs, pinholes, or 
rough surface. Since moisture con- 
tent has an important effect on the 
green strength and deformation of 
molding sand, it may be a contrib- 
uting factor in instances in which 
defects result from improper green 
strength properties. 

Sand Grain Size. The grain size 
and distribution of a silica sand have 
an important bearing on its perform- 
ance when molten metal is poured 
against it. The foundryman has sev- 
eral means of checking the particle 
size of a sand. A commonly used 
means for determining particle size 
is the use of standard testing sieves. 
Table 1 shows the use of the sieve 
analysis to study the effect of a wet 
reclamation system on_ shakeout 
sands. 

It will be noted that the sieve 
analyses of the washed sands are 
markedly different from those of the 
shakeout sands fed to the washing 
system. The steel foundryman knows 
that if he uses sand over and over 
that the amount of fines and clay in 
the sand will increase in amount and 


resulting from continued reuse of sand 


whose grain distribution and clay character went unattended. 
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Fig. 14—Eroded in- 
use of an underbaked 
flour mix 


eventually result in an inet 
such casting defects as scab 
erosion. 

Figure 13 shows a scab sucl 
may result from continued re-us 
sand without attention being 
to grain distribution and 
acter. 

The use of the sieve analysis ; 
ables the foundryman to detect 
exact amount of fines in his sand s 
that he may take the necessary 
rective action. The sand washir 
system whose results are de 
strated by these sieve analyses is 
comparatively recent development 
sand control methods. Under 
able circumstances, its use has 
sulted in saving of money and | 
sand reclaimed is more unifort 
clay content and grain fineness t 
new, crude silica sand. Our es 
ence indicates that washed sand 
suitable for use in either cores 
molds and casting weighing as muc 
as eight tons have been satisfacto 
produced with the exclusive us 
such sand. 

Also shown in Table 1} is th 
analysis of a fine sand _ reclaimed 
from the overflow of the classifier 
the wet reclamation system. What 
was formerly a waste product 
thus been converted to a fin 


} 


which can be substituted for si! 
flour in many applications 
An instance occurred in ont 

our foundries which demonstra! 
the need for a more careful check o! 
incoming raw materials. Trou! 
was experienced in the preparation 
of silica wash, an excessive amount 
of silica flour settling out in batche 
which were otherwise satisiactor 
The cause of the settling was quic 
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mix, baked at 400 and 450° F. for periods indicated, and properties of new 





type mix baked at 400° F. for similar time intervals. 


y found by making a sieve analysis 

{ the silica flour in question. Table 
2 shows sieve analyses of two silica 
flours, one being the grade usually 
specified and the other being the un- 
satisfactory material. 

It will be noted that the unsatis- 
‘actory material is markedly coarser 
than the satisfactory silica flour. 
lable 3 shows the room and elevat- 
ed temperature properties of a core 
sand mixture made with each of the 
two silica flours. 

It will be noted that the finer 
ica flour markedly increased ele- 
vated temperature compression 
‘trength at heating time intervals of 
+ and 8 min. 

Olten castings are encountered 
which are very sensitive to hot tear- 
ing. In many cases, the tears may 
result {rom the failure of an internal 
‘ore to collapse soon enough. The 
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solution to such a problem involves 
the development of a core mixture 
with a faster rate of collapse. Table 
t shows the changes that occurred 
in elevated temperature properties 
when the collapsibility of a core mix 
was increased. 

To be particularly noted is that 
the compression strength as meas- 
ured at 8 min. heating time was 
similar in both instances, but the 
strengths at the short heating time 
intervals were quite different. The 
weaker of the two mixes as judged 
by elevated temperature properties 
was successful in producing the cast- 
ing in question while the other mix 
cracked the castings. This instance 
is not cited for the primary purpose 
of showing what sand additions will 
increase collapsibility successfully, 
but to demonstrate the use of the 
sand laboratory in solving such 
problems. 

If a similar problem presents itself 
and the elevated temperature prop- 
erties of the mixture in use are 
known, laboratory experiments may 
then be made in which likely changes 
are tried. When these tests appear 
promising, foundry trials should fol- 
low. Thus, a suitable mixture may 
be found at a minimum expenditure 
of time and effort. 

Elevated temperature compression 
tests can be quite usefully applied 
to foundry problems as just demon- 
strated. Another useful elevated 
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6,8, 10 AND 12 IN. BLOCKS - HEATING TO 1650 °F 
TIME VS. TEMPERATURE IN CENTER OF BLOCK 
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Fig. 16—Curves illustrate difference in temperature between the charge 








and that indicated by control thermocouples. 
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@ BURNERS ON NEAR SIDE 
© BURNERS ON FAR SIDE 
Fig. 17—Construction of batch type 


furnace car with brick piers. 


Fig. 18 (right)—Results of “check- 
run” on 19-in. to establish 
“equalizing times” at various 
temperatures, 


section 


temperature sand test is the shock 
heating test in which a specimen of 
the sand in question is placed in a 
furnace which has previously been 
heated to some predetermined tem- 
perature such as 2500° F. which 
temperature we have found to be 
useful. After heating, the specimen 
is examined for cracking, spalling, 
or other surface changes which 


might have a bearing on the sand’s 
performance in an actual mold. 
This test is a measure of the ther- 
mal stability of a sand mix, one of 
the chief factors in determining the 
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Fig. 19—Microstructures of underheated and overheated 
steel heated 15 min. at temperatures indi- 
cated followed by air cooling. The as-cast specimens 
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suitability of a sand. Work on ele- not exceed a certain maximum yal. 


vated temperature tests and their 
correlation with casting results has 
demonstrated that a sand for a par- 
ticular application must fulfill three 
fundamental requirements: 

1. It must be thermally stable. 

2. It must possess a certain mini- 
mum elevated temperature strength 
so as to withstand the erosive action 
of the molten metal which passes 
over it. 

3. If it is in a position to restrict 
the contraction of the casting, its 
elevated temperature strength must 


1550° F 1650° F. 17350° F. 
Cc Mn Si P 

0.267 0.74 0.42 0.010 

0.251 0.74 0.38 0.010 

0.262 0.73 0.37 0.008 


were from keel-block shaken out 10 min. a/ 
Heat treated specimens were 1-in. cubes. 
cent Nital. Mag.—Appr. 100x 


ue beyond which hot tears will }y 
produced in the 
made. 

The necessity for thermal stabi. 
ity will be appreciated when it js 
realized that an inherent 
sand may easily be eroded if a crack 
develops and puffs out on its sur- 
face, thus allowing the molten meta 
sufficient purchase to start an erod- 
ing action. 

Figure 14 shows a closeup view o! 
an eroded in-gate, an underbaked 
core oil silica flour mix being used 


Castings being 
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Fig. 23—Roucghi floor inspection 
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This type of mix is not thermally 
stable and which can cause defects 
such as that just shown 

Figure 15 shows the elevated tem- 
perature properties of a typical core 
oil silica flour mix, baked at 400° F. 
and 450° F. 
the properties of a new type mix 
baked at 400 

To be noted is the large variation 


for various times, and 
F. for similar times. 


in properties of the core oil mixture 
with baking cycle changes. The new 
type mix offers a decided contrast in 
this respect varying almost immeas- 
urably as the baking time is in- 
creased. Not shown by the data pre- 
sented is the marked difference in 
the thermal stability of the two 
The new when 
shock heated shows only very fine 
cracks if at all, while the compari- 
son mix is prone to crack readily, 


at the shorter baking 


mixes. type mix 


especially 
treatments. 
The steel casting as removed from 
the mold, while it may be the result 
of our best efforts in melting and 
molding, is still a relatively crude 
product and in most cases must be 
subjected to heat treatment. 


Heat Treatment Control 

In the as-cast condition, steel cast- 
ing consist of large segregated grains 
in a dendritic network formed dur- 
ing the solidification period. In this 
condition, they possess low ductility 
and impact properties. To make steel 
castings more useful from a stand- 
point of service, the ductility and 
impact properties must be increased 


Fig. 26 


eae 


’ 


as 
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Fig. 2/—E xograph 


ing (left) which substantiates x-ray findings 


to an optimum value by means of 
heat treatment. 


Heat 


large crystals formed during solidifi- 


treatment breaks up _ the 
cation into much finer grains and 
homogenizes the structure by diffu- 
sion of the segregated constituents. 
Thus, the ductility and impact prop- 
erties are increased. Besides increas- 
ing ductility and impact properties 
and relieving casting stresses formed 
during solidification and cooling in 
the mold, types of heat 
treatment are employed to produce 


various 


special properties such as increased 


Layout inspection for metal thickness, dimensions and weight. 





hardness, 


toughness 


tensile strength. 
the commor 


Some of 


heat 
steel 


foundries are 


right) revealing internal defect, and sect 


ind 


treatments employ 


full 


normalizing, tempering, stress-reliey- 


ing, and hardening 


T 


he above 


heat 


and t 


treatn 


mperi 


ents ar 


combinations of heating and co 


operations. The rate of heating 


cooling 


and_ the 


tempt 


ra 


ture 


which the steel is heated hav 


inite 


influence on 


the 


rystal 


structure of the steel and the result 


ing physical properties 


Chi rates ¢ 


heating and cooling as well 


temperatures employed must the 
controlled in order t 
the desired properties and in order 


be 


to produce a consistently) 


product. 


Any one heat treatment can 
broken 


nan 
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have an ideal heating cy 
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load at the same tempera 
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great temperature gradi 
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Temperature surveys 


will 
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stribution, the varia- tion. The temperature of the charg 

cases running as high itself due to the method of loading 

higher depending on and less ideal conditions in regard 

: loading and section to circulation might be much differ- 

< By having a good ent. To determine the actual tem- 

wled the operating peculi- perature of the charge “check” ther- 

= furnace in the found- mocouples should be placed in th 

and yntrolling methods of different parts of the charge, top 

ding imnaces, we can strive and bottom, front and back of the 

abta imum heating condi- furnace. 

existing variables. Io illustrate the difference in 

It is ask to insure that all temperature between the charge and 

bs rnace are at the same that indicated by the control cou- 
pel ind quite a different ples, let us refer to Fig. 16 

to that all parts of the “Check” thermocouples wer 

ve it re at uniform tempera- placed in the center of 6, 8, 10 and 

No! y, the temperature con- 12-in. blocks and readings were tak- 

ined by several thermo- en periodically to produce the heat- 

iding through the roof ing curves shown. The control 

e. Usually the thermo- couples reached the desired tem- 

in a heat resistant pipe perature of 1650° F. in 234 hi 

» of the charge. However. the blocks did not reach 

th jority of cases, the tem- temperature until 4 or 5 hr. later, 

u licated by these couples depending on _ section size The 

rily the temperature of leneth of time necessary for the 

tself. The couples mere- charge to reach temperature after 

the temperature in the the control couples indicate the de- 

that one particular loca- sired temperature has been labeled 





Fig. 28—Hand operated Brin 

hardness testing machine (left) and 
Rockwell hardness testine machine 
right ) 
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as “equalizing tim 

The equalizing time needs to bk 
determined for different types of 
loads in each furnace in the found- 
ry. In cases of heavy sections, as de- 
scribed above, the check couples 
have to be placed in the center of 
the sections. However, for smalle1 
sections, up to 2 or 3 in., the check 
couples can be set in small 1 or 
2-in. sections and placed in different 
parts ol the charg 

By so checking th temperature of 
various types of charges in the fur 
naces, a working knowledge of the 
operating peculiarities of the fur- 
naces can be obtained In many 
cases, the actual t mperatures of the 
charge can be correlated with the 
temperatures indicated by the con- 
trol thermocouples so that equiliz 
ing time can be determined and a 
definite practice can be set up tor 
each furnace for reproductive re- 
sults 

In these “check” runs, the condi- 
tions can be varied to study which 
one will yield best results. The vari- 
ation in temperature in the different 
parts of the load, however, can be 
reduced by the following factors: 

1. Better circulation 

a. Furnace car construction 

b. Method of loading 
2. Segregation of loads according 

to thickness of casting sections 

§. Location and adjustment of 

burners. 

Increased circulation naturally 
will reduce temperature gradients 
Che furnace car should be construct- 
ed so that the charge is not placed 
directly on the bottom of the car 
Brick piers built on the bottom of 
the car make excellent supports for 
loading of racks in which the cast- 
ings are placed or for direct loading 
of larger castings. The brick piers 
should run across the width of the 
car so as not to deflect the flame of 
the burners and should not be built 
in line with the burners. 

Loading of castings is very im- 
portant. The castings loaded on 
racks should not form a compact 
mass, but should be so loaded as to 
allow circulation between the cast- 
ings. The charge also should be seg- 
regated as much as possible accord- 
ing to section thickness to reduce 
temperature gradients between light 
and heavy sections. 

The gas pressure of the various 
burners also plays an important role 
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tensile 


Fig, 29—Determining 


machine. 


in controlling temperatures. Each 
individual furnace will have its own 
characteristics as to hot and cold 


spots. By varying the gas pressure of 
burners in these regions, the tem- 
perature gradients can be reduced. 
By making these changes during an 
actual furnace check when thermo- 
couples are located in the different 
regions of the charge, the influence 
of these changes can be studied and 
adjustments can be made to operate 
the furnace to obtain the best tem- 
perature control. 

Figure 17 shows the construction 
of a batch type of furnace car with 
brick piers, method of loading racks 
of castings, and burner arrangement 
which would give good circulation 

Also the location of 
“check” couples used to determine 


shown are 
the temperature of the various parts 
of the charge. 

In the heat 
castings, 
step heat treatment should be em- 
ployed in order to minimize the 
stresses caused by the difference in 


treatment of large 


such as 19-in. sections, a 


temperature between the center and 
surface of such large castings. Fig- 
ure 18 shows the results of a “check 
19-in. 
ans ‘ “aa 
equalizing times” at the 
different temperatures. 

Step heat treatment consists of 


run” made on a section to 


establish 


heating to a temperature below the 
critical, holding at that temperature 
until the entire casting, surface and 
center, reached the furnace tempera- 
heating further to slightly 
above the critical and again repeat- 
ing the equalizing in temperature, 


ture, 


properties in a 


tensile Fi —_— De ter 


and then heating to the desired tem- 
perature. 

Knowing when the entire charge 
has reached the desired temperature, 
one can easily calculate the holding 
time at temperature. 

With proper furnace control, the 
the 
temperature 
of the de- 
within + 


temperature gradient when 


charge has _ reached 
should be within + 25° F. 
sired and 


10° F. 


relieving treatments. 


temperature 
for the tempering or stress- 


Metallographic Examination. The 
microscope is used to determine if 
the steel casting has been properly 
heat treated. Figure 19 consists of a 
series of microstructures of a me- 
dium plain carbon steel heated to 
different temperatures. 
different 
for this study. All heats are of ap- 


Three heats were used 
proximately the same composition, 
but they differ in the deoxidation 
practice. No aluminum was added 
heat. WV lb. 


ton of charge was added to the next 


to one aluminum per 
heat, and 22 lb. aluminum per ton 
of charge was added to the last 
heat. A study of the microstructures 
will reveal the role played by alumi- 
num in preventing grain growth. 
The heat with no aluminum coars- 
ened at 1750° F., the heat with %4 
lb. aluminum per ton coarsened at 
1850° F., while the heat with 21% lb. 
aluminum per ton showed no sign 
of coarsening even at 1950° F. 

In general, Fig. 19 illustrates the 
effect of under or over-heating on 
the microstructure which, in turn, 
will have a definite bearing on the 


mining impact strength 


specimen, 


physical properties especi 


values. We must then, n 


a knowledge of the heat trea 
naces to control heat tre 


t 
) 


we also must have a kn 


wi 


or } 


atn 


1 


the steel which is being heat tr 
Heat treatment is perforn 


ed 


definite reason, and, therefor 
receive the full benefit we must 
trol it. 


To receive the full benefit of 


ter or oil quenching, the time 


quench must be 


closely. Cooling curves 


I 


0 | 


1 


controlled ver 





the vari- 


ous thicknesses to be quenched : 


be established by experimen 


Thermocouples inserted i 


ter of different sections quen 
a similar manner in which 


y 
i 


) 


ta ‘ 
tail W 


the 


f 


are to be quenched, will yield 


sults from which cooling curves 


be drawn and 
time determined. 


propel 


Figure 


quenching 


mm ; 


4 


example of such established cool 


curves secured from 
work described above. 


In quenching casting 


tors need to be controlled al 
as loading of castings and 
furna 


castings from the 
quenching tank. Loadin 


is important in order to insur 


and 


water circulation 
warping. The method 
castings from the furna 
tant to insure that the 
main above the critical 
up to the time they are 


< 


( 


the quenching medium. \\ 


perature and circulatior 
be controlled. 
Steel Hardenability. | 
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- the re e ability of a steel to 
rarden under heat treatment. It is 
wing rapidly recognized to be of 
meat importance and it appears 
skely that, in the future, harden- 
pility will become a part of alloy 
deel specifications. 

The Jominy end-quench test 
which has become a standard for 
aeasuring hardenability, consists of 
quenching one end of a 1-in. round 
¢eel bar in a stream of water, thus 
producing a series of cooling rates 


in the bar ranging from an ideal 
water quenc h to air cooling. A 
quenching jig is used for quenching 
the end-quench specimens. Rock- 
well “C” hardness readings on a 
fat surface produced by grinding 

f 0.015 in. are taken along the 
bar and plotted against the distance 
from the quenched end. 

The cooling rates at different po- 
tions from the quenched end of the 
Jominy specimen have been deter- 
mined. These cooling rates have 
been correlated with cooling rates 
{ sections which are fully quenched, 
that the hardness of various fully 
quenched sections can be determined 
from the curves established from re- 
sults of the end-quench test. 

Through the end-quench harden- 
ability test we can very readily 
hoose steels which will yield the 
desired hardenability in the sections 
involved. Figure 22 contains hard- 
enability curves of four different 
steels on a standard form. 

Through the use of these curves, 

the hardenability of various compo- 
sitions can be studied and compared. 
The end-quench hardenability test 
s also an excellent method to study 
fects of different alloying elements 
on hardenability. 
While we have discussed at some 
ength the methods of control which 
are in common use to insure the 
production of a quality product, 
there must necessarily be other 
methods of checking and controlling 
o insure the casting meeting the re- 
{uirements of the drawing or speci- 
fication used in its manufacture. 














Inspection Control 

Inspection has often been referred 
to asa necessary foundry evil. This 
‘riticism is far from the truth. A 
well trained Inspection Department 
Is the only known method in main- 
‘ining foundry control and assuring 
‘uniform quality in castings. 


The dictionary defines inspection 
as a “critical investigation.” But this 
term does not define how this inves- 
tigation is to be made, what tools 
are available, or how the informa- 
tion secured during the investigation 
must be disseminated or used. 

A well organized Inspection De- 
partment must not only disclose a 
defect, but also its cause and to 
which department the defect is 
chargeable. This, however, does not 
mean that the Inspection Depart- 
ment is required to know the rem- 
edy for the elimination of the de- 
fect. 

An Inspection Department uses 
various methods and tools in con- 
ducting their investigation. This 
condition is created by an effort to 
eliminate or replace the human ele- 
ment with precision instruments that 
are not influenced by human judg- 
ment. In recent years, great advances 
have been made in inspection tools 
such as magnetic particle testing, 
gamma rays, and X-rays and these 
implements have been used success- 
fully in foundry control. Greater ad- 
vances can be anticipated as prog- 
ress is made in the field of elec- 
tronics. 

Inspection in a modern foundry 
generally follows a definite pattern. 
Therefore, the writer shall endeavor 
to illustrate how a well trained In- 
spection Department operates and 
how it controls production and the 
quality of a finished casting. 


Roughing Floor Inspection 

The first inspection area is the 
roughing floor. In this area gates, 
risers, and other excess metal are 
removed by flogging or burning. 
Here also is stationed the first in- 
spector whose duty is to separate 
usable castings from defective ones. 
See Fig. 23. 

At this inspection station, all ma- 
jor defects are classified as follows: 

1, General appearance 


2. Burned-on sand 

3. Riser location 

4. Condition of riser 

5. Fins 

6. Location of chills, chaplets, 
nails 

7. Blows 


8. Misruns 

9. Core shifts 

10. Hot cracks 

It is, therefore, quite evident that 
this inspector must have consider- 
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able ability and must be familiar 
with foundry practice pertaining to 
the different patterns being pro- 
duced. 

Here is the first instance that in- 
spection leads to control. The in- 
spector fills out a “Report of Dis- 
crepancies in Castings.” 

In this report are included Pat- 
tern Number, Drawing Number, and 
Description of Trouble. This report 
is then sent to the Process Inspector 
who relays it to the department to 
which the trouble has been charged 
Also on the same report is the “Ac- 
tion Taken on Report on Discrep- 
ancies in Castings” which must be 
filled in and returned to the Chair- 
man of the Planning Committee. 

Following the above procedure, 
you will note that inspection has not 
only made a critical investigation, 
but also evaluated the cause and 
forwarded this information to the 
department responsible for the 
cause. 

Rough Inspection 

The second inspection area is the 
“rough inspection” illustrated in 
Fig. 25. 

Here minor defects, such as 
cracks, tears, dirt, and design in- 
consistencies which are uncovered 
after burning, shot blasting, and 
chipping operations, are noted. Here, 
again, all discrepancies are listed on 
the “Report on Discrepancies in 
Castings.” This inspection area is 
also given the job of seeing that all 
minor defects are properly removed 
before being welded. 

Final Inspection. The third in- 
spection area is generally known as 
the “final inspection,” and is shown 
in Fig. 25. 

All welds, gauging operations, 
hardness readings as well as the 
general appearance of the finished 
casting are noted here. Any dis- 
crepancies caused by improper 
cleaning and finishing are brought 
to the attention of the department 
in error so that better control is 
maintained in these departments. 


Outside Inspection 

Probably the most important func- 
tion of a good Inspection Depart- 
ment and the one most overlooked 
is that known as “outside inspec- 
tion.” In this function, it is the 
duty of an inspector to contact all 
customers receiving castings to check 
if any discrepancies were overlooked 
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during the plant inspection or if 
there are any discrepancies which 
were not uncovered by routine 
inspection methods. 

These discrepancies are hard 
spots found during machining, un- 
tempered welds in machined areas, 
internal defects, holes, excess shrink- 
age, improper removal of sand in 
cored areas, etc. It is also this in- 
spector’s duty to ascertain that his 
plant and the customer are using 
the same inspection procedure. 

The above covers what is gen- 
erally considered production inspec- 
tion and its aid in maintaining 
foundry control. This does not in- 
clude all the work of an Inspection 
Department. We stated at the be- 
ginning that the Inspection Depart- 
ment utilized various methods and 
tools in conducting their investiga- 
tion, and it is these tools and how 
they are used by the Inspection De- 
partment that will now be discussed. 

A Layout Inspection Department 
is shown in Fig. 26. 

In this department sample cast- 
ings are checked for: 

1. Metal thickness 

2. Drawing dimensions 

3. Weight 

All discrepancies are noted on 
form “Order and Report on Sam- 
ple Castings.” 

The Layout Department is also 
utilized to check production castings 
with regard to changes in metal 
thickness due to: 

1. Normal pattern wear. 

2. Excessive wear on pattern 
equipment due to design. 

3. Weight. 

Magnetic Particle Testing. Mag- 
netic particle testing is one of the 
more specialized tools used by the 
Inspection Department in locating 
defects which are generally classified 
as discontinuities on the surface or 
slightly subsurface. The defects are 
usually attributed to design, gritd- 
ing, burning or heat treatment. 

Radiographic Inspection. Prob- 
ably the best and most modern tool 
used in recent years by the Inspec- 
tion Department is radiography. 

It is a means to determine exist- 
ence of any discontinuity within 
a casting. The discontinuities un- 
covered by radiography are classi- 
fied as shrinkage, entrapped gases 
due to improper deoxidation or im- 
proper molding, internal tears or 
cracks, the presence of internal 








chills, chaplets and also non-metallic 
materials such as sand, slag, and 
other refractory materials (Fig. 27). 

All defects located with these spe- 
cial tools are recorded and this in- 
formation is relayed to the depart- 
ment whose duty it is to correct 
their processes so that the defects 
are eliminated or reduced to an ac- 
ceptable amount. 

The entire discussion so far has 
been the methods used by the In- 
spection Department to ascertain the 
quality of a product and to insure 
foundry control by experienced vis- 
ual examination and highly special- 
ized equipment. 

Physical Testing. The methods of 
inspection to be discussed now are 
generally referred to as physical tests 
and include hardness, tension, and 
impact tests. All these tests are made 
with precision instruments and the 
results obtained are used in ascer- 
taining quality of a product with re- 
gard to what can be expected of it 
in service. 

Hardness Test. One of the most 
used physical tests is that of deter- 
mining hardness and it is used in 
the control of the production of heat 
treated castings. It is often used to 
determine the machinability of a 
casting. There are approximately 36 
different instruments manufactured 
to determine hardness, but the ones 
most generally used in a foundry are 
the Brinell Hardness Testers, either 
fixed or portable, and various Rock- 
well Hardness Testers (Fig. 28). 

Tensile Test. Another test which 
is made continually is the tensile 
test (Fig. 29). 

Tensile machines are produced by 
various manufacturers, but all of 
them are similar in that a tension 
load is applied to a specimen at a 
uniform rate. Usually, as far as a 
foundry is concerned, this test is 
used as a control test for production 
or as an acceptance test for specifi- 
cations. 

Impact’ Strength Test. Impact 
testing has come to the front in re- 
cent years and is being received 
more favorably. The method of test- 
ing is to apply a sudden blow to a 
specimen sufficient to break it and 
to measure the energy absorbed by 
the specimen as it breaks. Various 
machines are used, but all are simi- 
lar (Fig. 30). 

The only variation in the different 
methods is how the specimen is 
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Conroy 
held and the method of prey. 
the notch. 8 

In the Izod test th: t specimer 
is held rigid in the vertical pox, 
with the notch horizon:,) “ ry 
Charpy test, the specimen j laid 
across two supports i) horizonts! 
position, the notch ver ™ 

Various notches have beep advo. 


cated, but at the present time 4, 
V-notched Izod or Charpy and th 
keyhole Charpy specimens are yseq 

This test at the present time ; 
being used in the control of hal 
treating processes. It has also bow: 
used to determine the properties F 
impact resistance in steels at poo: 
temperatures and at elevated and 
subnorma! temperatures le 

It has been necessary to discys 
methods of control only briefly. I; } 
hoped that this quick tour throug! 
the lesser known side of the see! 
foundry has conveyed some idea of 
the means that are available t 
measure or weigh what is going int 
the product. Only by keeping 
hand firmly on the “controls” can 
we be assured that our heat to heat 
or day to day production is up to or 
even better than standard 


DISCUSSION 


Chairman: C. E. Sims, Battelle Me 
morial Institute, Columbus, Ohio 

MEMBER: I would like to have Mr 
Lillieqvist explain more fully the rapid 
silicon determination. 

Mr. Lituregvist: The setup consists 
of a small cup made of a dry core mold ) 
A sampling spoonful of molten steel is 
poured into the core mold and the re- 
action is observed. If the silicon content 
is low, the molten steel will rise in the 
cup. If the silicon content is slightl | 
higher, the surface of the steel in the 
cup will be straight or level. If the 
silicon content is approximately 0.50 per 
cent, the steel in the cup will shrink , 
This condition is shown in Fig. 3. In | 
many cases, we had heats where the sili- 
con content went up to 0.35 or 0.40 per 
cent, especially when the metal temper- 
ature ran as high as 3200° F. | 

Memser: Specifically, [| wanted © : 
know the action of it and the amount | 

Mr. Littiegvist: You can only gues 
at plus or minus five points, but it § 
sufficiently good for that purpose. 

Memeer: Is it in dry sand? 

Mr. Litiiegvist: Yes, it is in dy 
sand. 

MemBer: Could you make the test 
without dry sand? 

Mr. Livuregvist: You will get 4 dif- 
ferent condition if you pour the steel into 
chilled molds. We tried chilled molds 
first and did not get as good results as 
when we used dry core molds. 

MEMBER: Do you have to be su 


ne 
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»w holes in the castings? 


I vist: Yes. It is through 
silicon content that we 
: pinhole porosity. You 
It) cee se aluminum as a deoxi- 

thy a esi » in the aci electric 
basic open hearth. You 
ant to use aluminum in the 
ype th 
Sims: This silicon test is 
1Vo- ee inte e, in view of some of the 
' es with castings. About 

ago, it was Customary to 
- tings with a silicon maxi- 
S€q ? f t 0.30 per cent. Just how 
s ever attained, it is diffi- 


t to it that was common prac- 

- in tl irly days of casting steel. 

‘ey did get into much porosity, but 

cosity ¥ not considered as serious 

‘ as it is now. I do not think the 
rect ‘ as close. 

Some tests were made a number of 

ago to determine the minimum 

; unt of silicon necessary to suppress 

t orosity in a steel casting if one could 

ug! iminate such factors as wet sand. We 

ter rived at the conclusion at that time 

hat 0.25 per cent silicon was right on 


border between porosity and no 
orosity and to have a margin of safety 
must have had at least 0.30 per 
That seems to hold pretty 


ay vell with these tests. 


nt silicor 


Now, pouring steel in a cast iron 
old, as they do in ingot practice, they 


= nsider that they get a killed steel with 
s little as 0.15 per cent silicon. There 
quicker chilling seems to have some 

fluence 
{i J. A. Duma’: On your cooling curves 
n heavy sections, with water quenching, 
" I think you said about 2 hr. cooling 


time was required for a 15-in. section. 

Mr. Littregvist: For an 18 in. thick, 
n. diam. section it takes 2 hr. 

20 min. to cool the center of the sec- 

tion in water to a temperature of 350° F. 
Mr. Duma: Is it your practice to 

cool the entire casting to room temper- 

ature or the temperature of the water? 
Mr. Littmegvist: No, the practice is 

to cool the casting to 350°-400° F. 

Mr. Duma: At what temperature did 
you temper it? 
Mr. Litiergvist: That depends upon 

7 the hardness desired. If 350 Brinell 

desired, temper between 800° and 

1,200° F depending upon the composi- 
tion of the steel. 
Mr. Duma: It would not harm at 
ll to withdraw your casting from the 
juench tank when the center of the 
thickest section has reached the draw- 
ing temperature. 

Mr. Lutimegvist: I believe it would 
dangerous to withdraw it earlier. 
Mr. Duma: We have used that prac- 

uce extensively in hardened steel roll 

practice where alloy steels are quenched 


be 


t 1 ; 
to about 100 scleroscope. The drawing 
Po ‘ture employed is from 275°- 
J 
, Mk. Lutiegvist: What composition 
do you want? 





Mr. Duma: 44-85 and 62-85 
CHAIRMAN Sims: I believe this ques- 
tion might be compromised in this man- 
ner. Mr. Lillieqvist, I think, is perfectly 
right in his assumption that when your 
steel is under-quenched you will often 
get into poor properties. It was shown 
definitely in investigations of some of 
the armor casting during the war, that 
with under-quenching poor properties 
were obtained. However, it may be vou 
will not have to take the center of the 
casting down to a temperature below 
the martensite transformation before you 
withdraw it from the water for the rea- 
son that the outside is probably down 
to room temperature. There is consid- 
erable lag between the outside and in- 
side. The heat is flowing to the surface 
and the lag, of course, is entirely due 
to the slow heat conductivity through 
the steel. 

Now if the outside is down to say 
40° F., which may be the temperature 
of the water, and the inside at 500° F 
or 600° F., you could take the block out 
of the water at that time and the inside 
would continue to cool down because 
of the heat flow to the surface The 
heat would flow to the surface almost as 
fast as if you left it in the water. By 
the time it equalized the whole block 
may be below 350° F. and at that tem- 
perature you would have both the condi- 
tion that Mr. Lillieqvist desires and 
that you desire. 

Mr. Litiiegvist: We took an 18 in 
thick, 48 in. diam. casting and quenched 
it to water temperature and obtained 
a large quenching crack. In order to 
avoid quenching cracks, the next casting 
was heated to 1650° F., then cooled in 
the furnace to 1400 F. and then 
quenched in water to 350° F. No 
quenching crack was obtained 

Mr. Duma: I have just one more 
question and that is on molding control. 
You have given us four controls, namely, 
heat treatment, sand processing, inspec- 
tion and melting. What do you do in 
the way of molding control, that is ar- 
rangement of gates, risers and the plan- 
ning and designing of the casting to hold 
down defects to a minimum? 

Mr. Littregvist: That goes mostly 
to our Planning Committee, the foundry 
shop’s chief metallurgist, chief chemist, 
chief inspector and assistant works man- 
ager, and they decide what the heading 
and gating shall be. 

MemsBer: At what point in the heat 
is the fluidity test taken? 

Mr. Litiizevist: From the electric 
furnace, we have not taken as many 
fluidity tests. In our acid electric prac- 
tice, we pour the steel into a teapot 
ladle and then into small hand shanks. 
It makes a big difference if the hand 
shank is at a temperature of 600° F. or 
if it is at a temperature of 1200° F. and 
having only 100 or 150 lb. of metal. 
In the basic open hearth, we know the 
temperature of the ladle and we ob- 
tained satisfactory results, but in the 
acid electric, we do not have sufficient 
information. 


567 


Unfortunately, the human element is 
involved in this test, hence it has to be 
well standardized. Keep your sampling 
spoon about 5 sec. in the furnace, slag 
the spoon then go down 3 or 4 in. below 
the slag, take the steel out of the furnace 
and put aluminum in and then pour. 
It has to be accurately timed in order 
to get good results. In order to get 
away from the fluidity test, we are go- 
ing to install equipment for measuring 
bath temperatures at one of our plants 

C. H. Loric*: Have you noticed any 
effects of melting practice on the fluidity 
of steel? Assuming the temperature of 
steel is the same and the composition 
is the same, have you noticed any ef- 
fect from processing? 

Mr. Littireevist: We know, for in- 
stance, in the basic open hearth if you 
block your steel with 15 per cent ferro- 
silicon and let the steel stay there about 
10 min., your fluidity is rather low, but 
if you iet the steel come back, in order 
to get the boil, your fluidity will come 
back again 

CHAIRMAN Sims: I would like to ask, 
in the case of the fluidity test falling 
below your standard, what you would 
do about it? 

Mr. Litumevist: Leave it in the 
furnace longer Add some spiegeleisen 
to the bath and get high temperature. 

MemsBer: Is there any relation be- 
tween the amount of oxygen present in 
the steel and your fluidity? 

Mr. Littirevist: I do not know. 

CHAIRMAN Sims: The oxygen is pretty 
well fixed by the carbon content in the 
first place and by whatever deoxidation 
practice may have been used. 

MemsBer: I have a case of basic 
electric steel and we have had a tem- 
perature of well over 3,000° F. and we 
had sluggish steel. During the next heat 
we added some oxide to the slag, iron 
oxide and in pouring the same casting 
we had much more fluidity and there 
seemed to be a definite relation between 
the amount of oxygen present and the 
fluidity of the spiegel. 

CHARMAN Sims: There are condi- 
tions of that kind that are not too well 
explained. Oxygen analysis would prob- 
ably have shown no difference in oxygen 
content. 

MempBer: We went too far on the 
carbide side. 

CHAIRMAN Sms: It may well be, as 
pointed out earlier, that either hydrogen 
or nitrogen absorption may make the 
difference. 

Member: You would naturally ex- 
pect the oxygen. 

MemeBer: ‘The iron-oxide would give 
the necessary boil, would it not? 

CHairMAN Sms: Sufficient iron oxide 
would certainly cause a boil under the 
conditions you mention. After killing a 
steel, and in the presence of a carbide 
slag and the possibility for gas absorp- 
tion is favorable. Steel may absorb 
hydrogen very rapidly in that condition. 


\Norfolk Navy Yard, Portsmouth, Va. 
*Battelle Memorial Institute, Columbus, Ohio. 












































UNSOUNDNESS IN 
CAST LIGHT ALLOYS 





A.F.A. 

Aluminum and Magnesium 
Division 

Subcommittee on 
Shrinkage and Porosity 


MANY INVESTIGATIONS AND 
opinions have been published re- 
garding the occurrence of unsound- 
ness in aluminum and magnesium 
alloy castings. As with other alloys, 
many types of unsoundness in light- 
alloy castings are possible, but this 
paper will deal mainly with un- 
soundness which arises (1) from 
shrinkage, (2) from the gas evolved 
from the melt when it solidifies, or 


(3) from the combined effects of 


both. 


Gas holes resulting from the me- 
chanical entrapment of mold gases 
in the casting or defects from dross, 
which is actually a mixture of melt, 
oxide, gas, or air, and the many oth- 
er types of defects leading to voids 
in the casting will only be men- 
tioned. 


Furthermore, the unsoundness in 
the light-alloy castings, as discussed 
in this paper, will be confined to 
castings produced by either the sand- 
cast- method or permanent-mold 
method, but not by the die-cast 
method. 


An extensive literature review 































does not appear to be necessary. |; 
is sufficient to point out that the 
is considerable confusion amono 
foundrymen, metallurgists, inspec. 
tors, etc., who have occasion to dea 
with the problem of defects arisins 
from dissolved gases and fro; 
shrinkage in light-alloy castings 

However, if several scores of such 
individuals were discussing the prob- 
lem together, and if all used the 
same terms of the same meaning, t! 
chances are reasonably good that fo: 
the most part they would find then 
selves substantially in agreement 
the general subject of unsoundnes: 
arising from gas evolution and 
shrinkage in light-alloy castings 

One of the factors leading to a 
confusion of terms, and consequent- 
ly to differences of opinion, is the 
fact that in both magnesium and 
aluminum alloys unsoundness 
ing from gas evolution and fro 
shrinkage are closely related. Fur- 
thermore, there are all gradation: 
between localized shrinkage on th 
one hand, and microporosity on t! 
other. 

In aluminum alloys there are als 
all gradations between gas porosit\ 
(pinhole porosity) and microporos- 








, 
cube 


Fig. 1—Section of a 4-1 ,m 
riser, poured from an AS! M-AZ4 
alloy melt which had been severely 
gassed with CaH,. The large car 
ties formed by the hydrogen precip 
tated when the melt solidified are 
ample evidence of the considerable 
hydrogen solubility in magnesium 
melts. These “gas holes,” which ma) 
be much finer where solidificahon 
is more rapid, correspond to pine 
holes having a similar ongin ™ 
aluminum-base castings. X! 
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primary purpose of this 
en will be to supply addi- 
ind possibly clarifying, in- 
on the following points: 
Relationship of shrinkage to 
rosity, and the gradation of 
the other. 

Relationship of gas porosity to 
sity, and the gradation of 
the other. 

s of the various types of 
and the effects of sev- 
rtant factors on the form 
acti 
s employed to describe the 
some of which have already 
tioned in this paper. 

\ correlation of the appearance 

as viewed on the as-cast 
ned surface and by radiog- 


right above) Machined 
tions of degassed metal 
sand. A—99 per cent 
A-132 alloy containing 
nt Cu, 0.8 per cent Fe, 
t Si, 1 per cent Mg, and 
ber cent Ni. x5 /6. 


right) Machined vertical 

' degassed metal cast in 

C—No. 214 alloy contain- 

r cent Mg. D—No. 122 

uning 10 per cent Cu, 1.2 

Fe, and 0.2 per cent Meg. 
X5/6. 























Conside ration Wl 
general relationshiy 
types of unsoundn 
examples of unsou 
shown to illustrate t} 
ciples 

Having specifica 
purpose of the paper 
to point out here tl 
made to evaluate th 
he 


the serviceability of 


these defects on 


containing them 
No formal atte 


to prepare a comp! 
of terms. Instead, t 
forms of unsoundnes 

applied which are rec: 
because they describe 
the defect and its ay 


(2) if this is not possil 


will be used which des 


fect but does not suger 
roneous explanation of ¢! 


the defect. 
In order to reduce th: 
illustrations, reference 


to photographs in other A.F.A 


pers 


General Features of Unsoundness 
Caused by Shrinkage and 
Gas Evolution 
Shrinkage. It is well kn 
when a liquid melt chai 
solid a contraction in volu 
which normally amounts t 
per cent of the total volur 
alloy melts, and this contra 
result in certain types of 


ness known as shrinkag 
casting is fed properly 


of proper casting design, patter 


} 


Che 


feeding involves the entir 


sign, and the gating, ris 


chilling methods employ 


r 


( 


amount, shape, and distributio 


this defect, known as sh 
depend upon a number 
The main factors are: 
1. Composition of the 1 
ly, its content of vari 
and metallic impurities 
2. Gas content of the 


Fig. 4—(left abeve) Sea 


2, except that radiograp!/ 


cal sections 1 in. thick are 
xX5/6 


Fig. 5—(left) Same a 

cept that radiographs 

sections 1 in. thick are 
x 5/6. 
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nd rate of solidifica- 





cree of the direction- 
as dictated by pour- 


re, the casting design, 


d. section thickness, 


if some ot these fac- 


ustrated later in the 


Caused by Gas Ei 
o well known that in 
of aluminum and 
main if not the only 
ises trouble is hydro- 
duces unsoundness as 
decreased solubility of 
in the melt when it 
result of this de- 


ity, the vas is evolved 


Hydrogen Solubility 
naximum solubility of 
aluminum depend; 
factors, in general, only 
of 2 to 4 cc of hydro- 
crams of metal are dis- 
the melt. At = ordinary 
vever, the equilibrium 
hydrogen in the solid 
even near the solidus 
st zero 
lt, practically all of the 
ition in the aluminum melt 
evolved during solidifi- 
When this gas is evolved, it 
ct in the casting known 
porosity. This porosity 
ind or angular, coarse or 
ire all gradations of this 
porosity, from coarse, 
holes on the one hand, 
ngular pinholes to very 
ty known as microporosity 
+} er 
't be overemphasized that 
orosity is caused only by 
on of hydrogen from the 
iloy melt when it solidi- 
ire a number of factors 
ct the amount, size, shape, 
bution of the pinholes. 
r, this subject has been 


cht above) Machined 
tions of an aluminum- 

m alloy. A— Poured 
ising by fluxing with 
B—Poured before fluxing 
th chlorine. X5/6. 


ht) Same as Fig. 6, ex- 

radiographs of vertical 

n. thick are illustrated. 
x 5/6. 
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considered in detail’ and a further 
account of this problem need not be 
made here. It is sufficient to point 
out that the following factors are 
important in determining the 
amount, size, shape, and distribution 
of the unsoundness resulting from 
gas evolution in aluminum melts: 

1. Alloy composition. 

2. Gas content of the melt. 

3. Grain size. 

4. Solidification rate, degree of di- 
rectional solidification, and manner 
of solidification as determined by 
casting design, gating practice, etc. 

In contrast to aluminum casting 
alloys, magnesium alloys contain a 
maximum solid solubility near the 
solidus line of about 18 cc of hydro- 
gen per 100 grams of metal, and this 
may increase to a maximum of 26 to 
30 cc of hydrogen per 100 grams of 
melt in the temperature range 1200 
to 1700 F. 

When these high gas contents are 
encountered in the magnesium 
foundry, it is found that the risers 
swell, forming surfaces convex up- 
wards, and that the casting contains 
large, rounded, or angular voids. 
They are quite similar to the pin- 
holes in aluminum, but they are 
larger (perhaps %-in. diameter or 
more) and, therefore, cannot be ac- 
curately called a pinhole. Instead, 
they may be called “gas holes.” 

An outstanding example’ is illus- 
trated by Fig. 1. Normally, however, 
such high gas contents are not en- 
countered in magnesium foundry op- 
erations because (1) solid solubility 
of hydrogen in magnesium near the 
solidus line is high, and (2) the gas 
which is in the melt accentuates mi- 
croporosity instead. Therefore, these 
large gas voids are not usually ob- 
served. However, they fit into the 
general over-all picture of the prob- 
lem of unsoundness in light-alloy 
castings. 


Unsoundness 
As with the other types of un- 


soundness, the unsoundness resulting 
from gas in magnesium-alloy melts 
may manifest itself in quite a variety 
of defects. As later illustrated, all 
gvadations of rounded or oblong gas 
holes through angular, slit-like gas 
holes to small interconnected angu- 
lar pores referred to as microporos- 
ity may be observed. Again, the 
main factors which determine the 
amount, size, shape. and distribu- 
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tion of the voids resulting from the 
gas in magnesium melts are: 

1. Alloy composition. 

2. Gas content of the melt. 

3. Solidification rate, the degree of 
directional solidification, and other 
factors affecting the manner of the 
solidification of the casting. 

As illustrated later, in either alu- 
minum or magnesium alloys the 
unsoundness may grade from highly 
localized shrinkage through various 
more generally distributed types of 
unsoundness referred to as “shrink- 
age of a spongy type” to micropo- 
rosity. 

Likewise, the unsoundness result- 
ing from gas evolution will grade 
from pinholes in aluminum or gas 
holes in magnesium through various 
angular pores to fine angular poros- 
ity known as microporosity. Hence, 
both shrinkage and the gas content 
of the melts combine to determine 
the amount, size, shape, and distri- 
bution of microporosity in the cast- 
ings. In addition, the gas evolved 
will influence the amount of local- 


ized shrinkage. 


Factors Affecting Shrinkage Porosity 
The various main factors affecting 
the amount, size, shape, and distri- 
bution of shrinkage defects have 
already been listed. These factors 
were alloy composition, gas content 
of the melt, and the manner of so- 
lidification of the casting. 

Effect of Alloy Composition. The 
type of shrinkage with which most 
foundrymen are familiar is localized 
shrinkage. The most localized shrink- 
age consists of a surface set or 
cavity. The effect of composition on 
the type of localized shrinkage in 
aluminum castings is well illustrated 
by Figs. 2, 3, 4, and 5. 

The test castings are wedges 6 
in. high, 3 in. wide at the top, and 
2 in. thick, and a vertical cross sec- 
tion at the mid-point of the casting 
is illustrated. These melts, degassed 
by chlorine fluxing, were poured into 
the top of the mold cavity in a dry 
sand mold without the use of a cope 
or pouring sprue and gate. The com- 
positions of the alloys shown in Figs. 
2, 3, 4, and 5 are: 

A, Ninety-nine plus per cent Al. 

B. No. 132, aluminum containing 
approximately 0.8 per cent Cu, 0.8 
per cent Fe, 12.0 per cent Si, 1.0 per 
cent Mg, and 2.5 per cent Ni. 

C. No. 214, aluminum containing 
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approximately 3.8 px ent M 
D. No. 122, aluminu: containi : 
approximately 10 per cent Qy r: 
per cent Fe, and 0.2 per cent Mg. 


These four alloys illustrate Quite 
well the effect of composition, Com. 
position A is a substantially pure 
metal solidifying at constant tem- 
perature. Composition B js nearly 
100 per cent eutectic which solidi. 
fies over a narrow range of tempera. 
ture but not entirely at constant 
temperature. Composition C js , 
solid solution type solidifying over , 
considerable range in temperature. 
but no eutectic is formed. Composi- 
tion D solidifies over a considerable 
range in temperature, but a large 
amount of eutectic with more inter. 
metallic compound is formed. 


Machined Surfaces 


On the basis of the examination 
of Figs. 2, 3, 4, and 5, the first two 
of which are photographs of ma- 
chined surfaces and the last two 
radiographs of the same specimen: 
1 in. thick, the following conclusions 
can be made: 

1. With a pure metal solidifying at 
constant temperature, the shrinkage 
is highly localized; namely, it forms 
a surface set with a clean cavity 
with little or no surrounding 
spongy metal, as shown by Fig. 2 
(composition A), and the radio- 
graph, Fig. 4 (composition A). 

2. When the alloy solidifies nearly 
but not entirely at constant tem- 
perature, such as composition B, the 
shrinkage again is highly localized in 
the form of a surface set and an in- 
ternal cavity, but surrounding this 
cavity is a zone of spongy metal 
Had composition B been 100 per 
cent eutectic, the unsoundness prob- 
ably would approach in appearance 
that illustrated by composition 4 
The spongy area around the shrink- 
age cavity in composition B is well 
illustrated by the radiograph (Fig 
4) of this same specimen. 

3. Composition D, which solidifies 
over a range in temperature with 4 
considerable amount of eutectic so 
lidifying at the end, shows a minor 
surface set; the shrinkage is not lo 
calized, but rather widely distributed, 
as indicated by the radiograph (Fig. 
5; composition D). This localized 
shrinkage is not much in evidence 
on the machined surface (Fig 5). 

4. Composition C solidifies over * 
range in temperature without 











Fig. 8—(A) Radiograph showing 
shrinkage cavities in an inadequate- 
ly fed 4-in. thick section of No. 220 
alloy containing 10 per cent Mg 
B) Radiograph showing shrinkag: 
cavities of a peculiar type in an in- 
adequately fed Y2-in. thick section 


f No. 355 alloy containing 1.2 per 
cent Cu, 5 per cent Si, and 0.5 pe 
cent Mg. » l. 





Fig. 9—(A) Radiograph showing 
localized, spongy-type shrinkage in 
the upper portion of a 3 in. thick 
section of an inadequately fed, de- 
gassed No. 195 alloy. (B) Radio- 


graph showing surface shrinkage of 


ge 





a filet in an inadequately fed No 
195 alloy casting (see Fig. 10). X1 











ity A 
ng 
ition of an eutectic, the surface base materials, similar effects could 
h t is relatively small. and there is be shown for magnesium-base com- 
highly localized shrinkage. On positions. However, most commer- 
er hand, the entire top of the cial magnesium-base materials are of 
edge is characterized by a consid- the same type as the aluminum-base 
amount of spongy unsound- compositions A and C 
[his porosity results largely . , 
poor feeding of this portion of Microporosity 
- th sting. It is obvious that a dif- Figure 16, which will be discussed 
ference of opinion can arise at this more fully in its proper place, shows 
e int. Some observers might call this photomicrographs at a magnification 
“shrinkage of a general of <8 and X50, at a location ad- 
ngy type,” the preferred descrip- jacent to and immediately below the 
tion; others might call it micro- lowest point of the surface set illus- 
hrinkage, microporosity, etc, espe- a trated on the wedge of composition 
ally if the same defect was in a Fig. 10—Photogiaph of the same C of Fig. 3. Reference to these pho- 
, bvious place in a commercial casting illustrated by radiograph tomicrographs will show that the | 
, This defect at the top of the (B) of Fig. 9. X1. spongy shrinkage areas grade off into | 
vedge of composition C is well illus- fine, angular porosity, a defect which | 
trated on the machined surfaces a high degree of contrast on the Will be termed microporosity. ) 
Fig and is also well indicated _— radiograph. The defects illustrated by Figs. 2, 
dark portion of the radio- The important point to observe so 3, 4, and 5 are all shrinkage caused 
graph (Fig. 5, composition C). Be- far is that by pouring a similar cast- by inadequate feeding of the top of 
ause the sections radiographed were ing from four different alloys a the wedge, but these defects may 
thick, the sensitivity is rather marked difference in the location, manifest themselves as a smooth, 
‘ow, with the result that the un- size, amount, and distribution of the rounded cavity, as shown by com- 
soundness in the top of the wedge shrinkage has been produced. While position A of Fig. 2, or a widely dis- 
of composition C does not appear in these illustrations are of aluminum- tributed, spongy shrinkage zone ac- 



































Fig. 11—Radiograph of a cast panel of commercially 
pure magnesium. The coarse grain is revealed by the 


mottling on the radiograph. While a number of very 


small blows formed by a reaction of the melt with por- 
tions of the mold are shown at the surface, there is no 
microporosity because this composition solidifies at 





on the susceptibility of magnesium alloys 
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substantially constant temperature. This 
should be compared with those shown by ! 
14, and 15, which illustrate the effect of 


tion of microporosity. 
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his casting is entirely similar to the one shown 
|, except that 3 per cent zinc has been added 


elt. This alloy solidifies over a range of about 
thout the formation of any eutectic. As a con- 
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Sé que nce, til 





is quate susce ptible to the formation of 


microporosity, and this defect is clearly illustrated on 


the radiograph. 


This figure should be compared with 
Figs. 11, 13, 14, and 15 
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companied or associ 
porosity, as illustrate: 
C, Figs. 3 and 5. 

All of these melt 
but, since perfect d 
possible, the role of 
mation of the micr 
trated by Fig. 16, 
known. To make c: 
erroneous impression 
of this defect is not 
better to call this def: 
ity rather than microsh: 
gradation of localized 
microporosity will br 
greater detail in its pri 

Effect of Gas Conte 
noted that when a n 
contraction in volume 
less properly fed this cor 
result in shrinkage. However 
gas is evolved simultar 
the contraction less loca 
age will occur. Instead 
soundness will occur mor 
distributed in the forn 
porosity in eutectic-containi: 
loys, and in the form of : 
ity in solid solution typ: 




















Gas Reduction 


The first of these is illust: 
Fig. 6, which shows 
wedges of a copper-silicor 
in green sand. Casting B was | 
before fluxing with chlorin 
casting A was poured after fluxing 
The chlorine flux has redu 
gas content of the melt, with the 
sult that the gas evolution did 1 
entirely compensate for the shrink 
age. The area of localized 
age near the top center of the wedg 
is therefore apparent. However 
casting B the large quantity of pin- 
hole porosity has prevented the for- 
mation of localized shrinkage. T! 
appearance of this localize 
age and of the pinhole poro 
further illustrated by the 
graph (Fig. 7) of the 
men. 

The important point 
foundrymen is that aluminu! 

| ings poured from degassed melts r 
quire better feeding to avoid shrink- 








re- 


Fig. 13—Radiograph of the same casting shown by Figs. 11 and 12, but the age than castings poured from gass' 
composition is magnesium with 6 per cent aluminum and 3 per cent zinc. melts. More generally stated 
This alloy solidifies over a range of approximately 510 F with the formation ings which are to be fre 

of a very slight amount of eutectic. As compared with the 3 per cent zinc porosity also require bet 

alloy, shown by Fig. 12, this alloy solidifies over a wider range but slightly than castings which nor 

more eutectic is formed. The net effect is that this alloy, corresponding to tain large amounts of 


AST M-AZ-63 is probably slightly more susceptible to the formation of micro- rosity, if shrinkage def: 
porosity than the allov shown by Fig. 12. to be avoided. 
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f Typical Shrinkage 
mmercial Castings. On 
the various types of 

h have already been 
. different types of al- 
be expected that the 
ns will occur in com- 
is of alloys. Figure 8 
liographs of shrinkage 
. different alloys. Fig- 
; shrinkage in No. 220 
s aluminum containing 
10 per cent magne- 
kage resulted from in- 
ding of a 4-in. section. 
y a generally distributed 
ype of shrinkage, and it 
expected that the shrink- 
be similar to that which 
the aluminum-4 per cent 
because both alloys are 
on type. Only the No. 
osition produces a small 
utectic. In fact, the un- 
revealed by Fig. 8A is 


lar to that in composition 


Shrinkage 
rent form of more concen- 
alized shrinkage is illus- 
Fig. 8B showing localized 
» in a Y%-in. section of No. 
This 


alloy contains a 


| 1.3 per cent copper, 5.0 per 
ilicon, and 0.5 per cent mag- 


omposition solidifies over a 
able range of temperature, 
irge amount of eutectic so- 
it the end. It is known defi- 
iat this is localized shrinkage 
t it results from poor feeding 


casting. The exact explana- 


the rather smooth-walled 
shape of the cavities is not 


precisely, 


9 illustrates two other types 
in aluminum 
Both of these are radio- 
und Fig. 9A is of a 3-in. 
an inadequately fed No. 
which is aluminum con- 
pproximately 4.5 per cent 
nd 0.6 to 0.8 per cent each 
nd silicon. 
No. 195 solidifies over a 
ble range in temperature, 
a small amount of eutec- 
end. It is to be expected, 
that the shrinkage defect 
less localized than in a 
tal or 100 per cent eutectic, 





Fig. 14—This radiograph is of the same casting as shown by the preceding 
three photographs, except that the alloy contains 9 per cent aluminum and 
2 per cent zinc, corresponding to AST M-AZ92 alloy. This composition solidi- 
fies over a range of approximately 380 F with the formation of several per 
cent of eutectic. As compared with the alloy shown by Fig. 13, the range in 
solidification of the alloy shown here is much less and more eutectic is formed 
As a result, this composition is much less susceptible to the formation of 
microporosity. As compared with the 3 per cent zinc alloy, shown by Fig. 12, 
the range in solidification is slightly more, but a great deal more eutectic ts 
formed. The latter factor greatly reduces the susceptibility of this composition 
, to the formation of microporosity. 
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Fig. 15—Radiograph is similar to the preceding four, except that the alloy 
contains 8 per cent aluminum. This composition solidifies over a range of 
230 F with the formation of slightly more eutectic than the 6 per cent alu- 
minum, 3 per cent zinc alloy shown by Fig. 13, but slightly less eutectic than 
the 9 per cent aluminum, 2 per cent zinc alloy shown by Fig. 14, all other 
factors the same. As a result, this composition is far less susceptible to the 
formation of microporosity than the 6 per cent aluminum, 3 per cent znc 
alloy shown by Fig. 13, but its susceptibility is comparable to that of the 9 
per cent aluminum, 2 per cent zinc alloy shown by Fig. 14. These particular 
radiographs indicate that the 9 per cent aluminum alloy forms less micro- 
porosity than the 9 per cent aluminum, 2 per cent zinc alloy shown by Fig. 
14. Other information indicates, however, that the two alloys are comparable 
and, if anything, the 9 per cent aluminum, 2 per cent zinc alloy is less sus- 
ceptible to microporosity than the 8 per cent aluminum alloy because the 
greater amount of eutectic more than offsets its longer solidification range. 
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but not so widely d 
solid solution type 
by composition C jx 
Figure 9B shows 
localized surface shy 
of a No. 195 alloy 
proximately the sam: 
that of Fig. 9A. The 
ance of this localize: 
the fillet is illustrate: 
It is probable that 
directional solidificat 
ing has tended to n 
quite precisely loca! 
eated by the radiogr 
be emphasized here 
factors being the san 
tiona! solidification wi 
duce a sharper more lo 
age cavity where feedi 
quate. 
Gradation of Shrin! 
croporosity. Microporo 
fect characterized by 
less interconnected vo 
now well known to most 
foundrymen. The eff 
composition, gas content 
and degree of feeding 
the amount, size, shap 
bution of microporosity 


} 


um alloys has been d 


separate papers * * *° 


Metal Affected 


It is sufficient to point 
then that either aluminur 
nesium-base alloys of the 
tion type, such as that repr 
by composition C of Fig 
most susceptible to this typ 
fect. On the other hand 
which solidifies at constant t 
ture, such as pure met 
never has even a slight t 
defect. Likewise, alloy 
lidify over a range in 
but which contain a larg 
eutectic, seldom contai! 
although it may occur 
extent. 

These principles ar 
trated by Figs. 11, 12 
15, with accompanyi 
These show the effect 
tion on the range in 
and alloy type which 
mine the susceptibility o! 
and its alloys to the 
microporosity. 

With either aluminu! 
sium alloys, the point 
that as the amount of 
fying at constant ten 
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the top grading into microporos- 
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creases from 100 per 


metals or in 100 per cent eutectics 


cent in pure 


to U0 per cent in, solid solution allovs. 


with an accompanying general in- 
crease in solidification range. the 
tendency to form microporosity in- 
creases. With this change there is 
also an increasing tendency to form 
the spongy, widely distributed shrink- 
illustrated by 


age 


composition ( 
Figs. 3 and 5. 

The gradation of localized shrink- 
age of the spongy type into micro- 
porosity has been noted and is illus- 
trated by 16. This is further 
illustrated in Figs. 17 and 20 


Fig 
Fig- 
ure 20, composition C, is the same 
as composition C of Figs. 5 and 5, 
but this wedge was poured from a 
gassed melt into a green sand mold 

Figure 174A at 
<8 shows the spongy shrinkage in 


a magnification of 


the top of the wedge of composition 
C, Fig. 20, grading off into micro- 
The 


photomicrograph shown in Fig. 17B 


porosity below the shrinkage 


is of the fine porosity in the lower 
17A at a 
reveal th: 


portion of Fig higher 
magnification, 50, to 


microporosity more clearly. 


Gassed Metal 
Comparing Fig. 16 with Fig. 17, 
it is obvious that the gassed melt 


has produced a greater volume of 


microporosity, and the accentuation 
of this defect the higher 
content is entirely evident 


by gas 
This 
principle, applicable to aluminum- 


fully 


established by data on magnesium- 


base alloys, has also been 


described in other 


3, 4, 6, 7 


base alloys as 
A.F.A. 


Gradation of shrinkage into mi- 


papers * 


croporosity in magnesium alloys is 
illustrated by Fig. 18, which shows 
a vertical longitudinal section of an 
inadequately fed 6x10x1¥2-in. plate 
of a magnesium alloy containing 9.4 
per cent 0.4 
zinc, and 0.25 per cent manganese, 
and degassed by chlorine fluxing. 


aluminum, per cent 


Figure 18A shows a radiograph of 
a vertical longitudinal section of the 
plate with macroscopic shrinkage at 
the top and a heavy, coarse micro- 
porosity below. This gradation is 
better illustrated by the photomi- 
crograph (Fig. 18B) at 12, show- 
ing the localized spongy shrinkage 
at the top, grading into microporos- 
ity below. 

‘While one might arbitrarily and, 
with some basis of logic, sharply de- 
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al, whereas the preceding one, 
trated by Fig. 16, was 
de gassed metal A 
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fine where localized shrinkage ends 
and microporosity begins in these 
particular illustrations, it is quite 
evident that it would be possible in 
commercial castings to have un- 
soundness which could be labeled 
either “shrinkage of a spongy type” 
or microporosity. Any satisfactory 
system of nomenclature must recog- 
nize the borderline defects. 

Gas porosity, it will be recalled, 


results from the evolution of gas 
which was in solution in the melt. 
It is not uncommon for foundrymen 
and metallurgists to imply that 
gases from the green sand or cores 
were trapped in the metal, resulting 
in pinhole porosity. This is tech- 
nically incorrect. 

While the gas which is precipi- 
tated may have been dissolved from 
the vapors evolved from the core or 
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green sand, the my di 
the hydrogen from . 
pecially from the m« 
reprecipitates it fron 
ing solidification, fo: th 
holes. Trapped mold 
common, but when ¢ do 
they form a quite di! 
defect. 

Furthermore, it is ommor 
to attribute generally . ibuted o 
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(pinhole) porosity to shrink 
merely because the pores ar 
lar. This also is incorrect for ; 
sons described elsewhere’. 

Effect of Composition. The te: 
ency for aluminum casting alloys 
form pinhole porosity depends 
considerable extent upon their « 
position, as will be illustrated 
Figs. 19, 20, 21, and 22. The cast- 
ings represented by these four fig- 
ures were poured from a gassy melt 
into green sand molds, employing 
the same wedge casting describ 
previously. 


Use Chlorine 


All of these castings were pre- 
pared in the same way, and th 
melts were first degassed with chlo- 
rine, then each melt was gassed by 
the same amount of slaked lim 
Figures 19 and 20 show photo- 
graphs of machined sections of com- 
positions A, B, C, and D, previous 


Fig. 18—(above) Radiograph 
vertical Ye-in. section cut from 
plate 1Y-in. thick cast horizontall) 
from a degassed melt of magnesiu! 
alloy containing 9.4 per cent Al, 04 
per cent Zn, and 0.25 per cent Mn 
Localized shrinkage of the spong) 
type is illustrated at the top, gradins 
into microporosity below. 1. Left 
Photograph of the same specime’ 
illustrated above, but ¢/ 
ness of the localized, sons) 
shrinkage, grading into roporo 
ity is illustratea. 2 
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hile Figs. 21 and 22 il- 
yraphs of 1-in. sections 
specimens. 

is amounts of pinhole 

istrated by these figures, 
result of difference in 
sition. The conclusions 


e drawn from these four 


d from comparison of 
ith the similar set rep- 
Figs. 2, 3, 4, and 5, are: 
lificult to entrap hydro- 
form of pinholes in com- 
pure aluminum. Most of 
n will escape from the 
of the solidifying cast- 
larly where the solidifi- 
uite directional from the 
pwards as it necessarily was 
dge 
mottling shown on the 
h of composition A, Fig 
d not be confused with un- 
This mottling is the di- 
of the grain structure of 
The columnar grains 
on the radiograph are 
ul for this composition. 
voids caused by hydrogen 
form of large, widely sepa- 
holes are illustrated by 
sition B, Fig. 19. It will be 
lled that composition B is near- 
but not quite, a 100 per cent 
lloy. In any event, this al- 
difies over a fairly narrow 
in temperature, resulting in 
trapment of hydrogen in the 
f pinholes 
nposition D, Fig. 20, repre- 
isting which solidifies over 
lerable range but with the 
tion of a large amount of 
This considerable range in 
tion temperature facilitates 
ipment of bubbles of hydro- 
ning a larger number of 
nholes, visible on the ma- 
urface, than was entrapped 
position B, Fig. 19. 
lhe number of pinholes repre- 
entrapped hydrogen bub- 
vn by composition B and 
est be estimated by the ap- 


right above) Machined 
imilar to Fig. 2, except that 


al was poured in green 
sand. X5/6. 


right) Machined sections 
» Fig. 3, exe ept that gassed 
poured in green sand. 


X5/6. 








pearance of the ma 
shown by Figs. 19 ar 
diographs of these al 
Figs. 21 and 22, ar 
in which a large nu 
are shown on the fil: 
case of composition / 
tains the least number 

6. Composition C, 
solution type, does n 
trap hydrogen bubbles 
holes. However, it shx 
that it is entirely possi 
loy of this type to cor 
siderable quantity of | 
it is much less likely t 
alloys such as those repr 
composition D. Instead 
solution type alloy rep: 
composition C’ contains 
ity which is greatly accent 
the high gas content 
This has been illustrated 
by Figs. 16 and 17, and 


more fully elsewhere ‘ 


7. Comparing Figs 
and 22 of castings pour 
gassy metal with those of |] 
4, and 5 of castings poured fron 
gassed melts, it is quite evident 
there is a marked tendency 
gassy melts to produce less lo 
shrinkage. 

8. The gas porosity tends 


1 


much lighter in the tip of the 


where solidification is rapid t 
the large end where soli 
much slower. This is a typi 
of solidification rate. The radi 
of composition D, Fig. 22 
typical, high concentratior 
near the top center. The 
surface of this specimen cont 
indication of localized shrinkage ! 
the top. It is not possibl: 
mine whether the high cor 
tion of voids shown by th 
graph, Fig. 22, compositi 
caused by a high concer 
large pinholes or whether 


; 





some localized shrinkage. It 1s | 
ably a combination of bot! 


Fig. 21—(left above Ra 
of specimens shown by F 
are similar to Fig. 4, 
eassed metal was poure 
sand. X5/6 


Fig. 22—(left) Rad 
specimens shown by Fi 
are similar to Fig. 5, 
gassed metal was pou! 
sand. 
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-Radiograph showing localized shrinkag 
mewhat spongy type with pinhole porosity 
iluminum-copper-stlicon alloy containing 3 
per cent Cu and 7 per cent Si. X1 
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I 25—Photomicrograph showing unsoundness 
it location 5, illustrated on Fig. 23. X40. 


The ste p casting. T hese 
ire each 4 in. long, 3 in. 
}, TY, and %-in. thick. 


Fig. 24—This photomicrograph 


shou 5 


the 





un- 


soundness present at location 4 illustrated on Fi: 
23. X40 


a ier 
pst P 
$ 





‘ig. 26—Photomicrograph showing unsoundess at 


x 40 


location 6, illustrated on Fig 


2 ;. 



































@ Figure 28 


Photograph of machined 
mid-sections cut from the 
step casting (Fig. 27) 
poured in dry sand mold, 
using degassed No. 122 
alloy containing 10 per 
cent Cu, 1.2 per cent Fe, 
and 0.2 per cent Mg; 3- 
in. section top, 1Y.-in. 
section center, 34-in. sec- 
tion bottom. X1. 


Figure 29 » 


Radiograph of approxi- 
mately 3/16-in. sections 
cut from the same cast- 
ing shown in Fig. 28. X1. 


@ Figure 30 


Similar to Fig. 28, except 

that the metal contains a 

medium amount of gas. 
Xl. 


Figure 31» 


Radiograph of sections 
shown by Fig. 30. Xl. 











4 Figure 32 


Same as Fig. 28, except 

that the castings 

poured from a melt con- 

taining a large amount 
of gas. X1. 


were 


Figure 33 * 


Radiograph of sections 
shown by Fig. 32. 1]. 





the concentration of.localized shrink- 
age and the concentration of pin- 
holes would be expected to be a 
maximum in this location. 

A typical occurrence of a severe 
localized shrinkage of a somewhat 
general spongy nature combined 
with pinhole porosity is shown by 
Figs. 23 to 26, inclusive. Figure 23 
is a radiograph of a sectiou of an 
ironing buck of an aluminum 3 per 
cent copper-7 per cent silicon alloy. 

Figures 24, 25, and 26 are photo- 
micrographs at X40 of unetched 
surfaces at locations 4, 5, and 6 
shown on the radiograph (Fig. 23). 
This alloy solidifies over a range in 
temperature, with a large amount of 
eutectic at the end. The spongy 
shrinkage zone is quite localized. At 
location 4, only rounded to angular 
pinholes are evident. At location 5, 
pinholes and shrinkage are present. 
At location 6, only shrinkage is 
formed 

Ther is no question that gas was 
Precipitated in the shrinkage zone, 
but the shrinkage voids were large 
fnoue’ to contain the evolved gas 
withou: the formation of the pin- 


holes. This defective casting result- 
ed from a considerable gas evolution 
and inadequate feeding. Had no gas 
been evolved, the voids in the gen- 
eral spongy shrinkage zone probably 
would have constituted a greater to- 
tal volume, but they would have 
been still more localized. 

The principle illustrated here, 
showing the effect of composition 
upon the susceptibility to the forma- 
tion of pinholes in aluminum, prob- 
ably also applies to the susceptibil- 
ity of magnesium alloys to the for- 
mation of gas holes. However, since 
gas holes do not normally occur, and 
commercial magnesium compositions 
are largely confined to types A and 
C, composition effects have no great 
practical significance to the mag- 
nesium founder. 

Effect of Solidification Rate and 
Gas Content. The effects of so- 
lidification rate or section thickness 
and gas content of the melt on the 
amount, size, shape, and distribu- 
tion of pinhole porosity in aluminum 
alloys have been described in detail 
elsewhere’. A few illustrations will 
be shown which will also indicate 


the correlation of the appearance of 
the machined surface and the ap- 
pearance of the unsoundness on an 
x-ray film. 

Figure 27 illustrates the test cast- 
ing employed. Figures 28 to 33, in- 
clusive, illustrate sections cut from 
the test casting having steps 4 in. 
long, 3 in. wide, and 3, 1%, and 
%4-in. thick. The alloy is No. 122 
containing 10 per cent copper, 1.2 
per cent iron, and 0.2 per cent mag- 
nesium. All of the molds were made 
of dry sand to prevent gas absorp- 
tion in the mold cavity. 

Longitudinal vertical sections were 
cut from the mid-portion of the 
casting, and Figs. 28, 30, and 32 
show machined surfaces of these 
sections cut from castings poured re- 
spectively from a melt of low gas 
content, medium gas content, and 
high gas content. 

The 3-in. section is shown at the 
top, the 11%-in. section in the cen- 
ter, and the '-in. section machined 
from the %-in. portion is shown at 
the bottom in each of the photo- 
graphs. Figures 29, 31, and 33 are 
radiographs of 3/16-in. thick sec- 
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Fig. 34—Photograph a: the left end 
radiograph at the right of polished 
and etched mid-sections of No. 195 
alloy cut from 2Y2-in. cubes poured 
in green sand. Metal wax gassed 
with ammonium chloride. The se. 
tions shown by the lower half of the 
figure were poured at 1450 P, afte, 
wh.ch grain refinement was obtained 
by adding 0.10 per cent Ti. The 
castings illustrated by the upper por- 
tion of the figure were then poured 
at 1450 F. This alloy contains ¢ 
nominal 4.5 per cent Cu with 06 
0.8 per cent each Fe and Si. x]. 























7 Figure 35 
Machined mid-section 
cut from the step casting 
(Fig. 27). The melt was 
poured in green sand 
molds having an A.F.A. 
permeability of 35 and 3 
per cent water. The met- 
al was substantially free 
from gas as the result of 
the chlorine fluxing op- 
eration applied. Top— 
3-in. section. Center— 
1%4-in. section. Bottom 
—34-in. section. The al- 
loy is No. 355 containing 
1.3 per cent Cu, 3 per 
cent Si, and 0.5 per cent 
Mg. Compare with Figs. 

36, 37 and 38. X1. 





Figure 36 » 
Same as Fig. 35, except 
that the sections ma- 
chined were near the cast 
surfaces of the steps. Top 
—3-in. section. Center— 
1'4-in. section. Bottom— 
34-in. section. X1. 











€ Figure 37 


Same as Fie. 35, except 
mid-sections are from a 
step casting which was 
poured in a green sand 
mold having an A.F.A. 
permeability of 7.5 and a 


moisture content of 735 
per cent . ] 


Figure 38 7 


Same as Fig. 37, except 
that the 
tions are adjacent to the 


machined sec- 


cast surface <1 





ns of the same castings illustrated 
photographs, Figs. 28, 30, and 
of the machined surfaces. 

On the basis of these six figures 

show typical effects of gas 
ontent and section thickness on the 
occurrence of pinhole porosity, the 
following conclusions may be drawn: 

1. As the section thickness in- 
creases, all other factors being the 
same, the total volume, size, and 
angularity of the pinholes increase. 

lotal volume of the pinholes, 
their size and number increase with 
increasing gas contents of the melt. 

3. The machined surface shows 
only the voids on a plane; whereas 
the radiograph presumably shows all 
or most of the voids in a section of 
substantial thickness, in this case 
about 5/16-in. Accordingly, the se- 
verity of the porosity revealed on the 
tadiograph is far greater than that 
revealed on the machined surface. 

4. There is some tendency for lo- 
calized shrinkage of a general, 
‘pongy nature to occur in the 3-in. 
‘ection, which in this case was not 
led particularly well. This spongy 


localized shrinkage is closely asso- 
ciated with, and not entirely dis- 
tinguishable from, the pinhole po- 
rosity. 

These principles probably also ap- 
ply to gas holes in magnesium, but 
for reasons indicated previously they 
would have little practical signifi- 
cance for the magnesium founder. 

Effect of Grain Size. In general, 
all other factors being the same, the 
pinhole porosity in aluminum-base 
alloys is rounder and smaller, the 
finer the grain. This is illustrated by 
Fig. 34 which shows a photograph 
at the left, and a radiograph at the 
right of polished sections of No. 195 
alloy cut from 24-in. cubes poured 
in green sand. These sections have 
been given a grain-size etch. This 
alloy contains a nominal 4.5 per cent 
copper with approximately 0.6 to 
0.8 per cent each iron and silicon. 

The melt was gassed with am- 
monium chloride and the castings 
were poured at 1450 F. The casting 
at the bottom shows the grain size 
and porosity obtained before grain 
refinement, and the two photographs 


Fig. 39 
pinhole porosity grading into micro- 
porosity. This aluminum alloy con- 
tains 6 per cent Mg, 1 per cent Mn, 
and 1.5 per cent Cu. X50 


Photomicrograph showing 




















Fig. 40 (left)—Photograph of a triangular panel of AS 

degassed with 0.02 lb of chlorine per lb of metal and p 

This radiograph shows the complete absence of micr 
panel 15S poured from a de sassed melt 


Fig. 41 (below These two radiographs show the same 
by Fig. 40, but poured immediately after gassing the mé 
for 15 min at 1550 F. The other panel shows the same 
melt was held at 1400 F for 15 min after the hydrogen gas t 
radiographs clearly show the rounded gas holes which, probal 
section is lighter and solidification more rapid, are substantia 
those shown by Fig. 1. Even so, these gas holes are much 
corresponding pinholes which occur in some aluminum 
radiograph at the right shows that, with decreasing Las 
cavities form near the edges of the panel 


HALLOY - BEFORE 


at the top show the castings after 
yrain refinement was obtained by 
adding 0.10 per cent titanium. Be- 
cause the melt was gassed, the pin- 


hole porosity is severe. It will be 
noted, however, that there are many 
more pinholes of finer, more equi- 
axed shape in the fine-grained cast- 
ing than in the other. 

Effect of A.F.A. Permeability and 
Moisture Content of the Molding 
Sand. Figures 35 to 38, inclusive, 
show an interesting effect of mold 
material upon the occurrence of pin- 
hole porosity in No. 355 alloy cast- 
ings. No. 355 alloy contains a 
nominal 1.3 per cent copper, 5 per 
cent silicon, and 0.5 per cent mag- 
nesium. This alloy was prepared, de- 
gassed by fluxing with chlorine, and 
then poured into the step castings 
described previously and illustrated 
by Fig. 27. 

Figures 35 and 36 show castings 
which were poured in a natural green 
sand having an A.F.A. permeability 





Radiograph of a panel similar to those illustrated by the 
radiographs. This radiograph shows that, after the melt 

r 2 hr at 1400 F, the gas content has decreased to such an 

f robably near or below the maximum gas solubility in the 
the solidus temperature. As a result, only a very slight 
roporosity is formed, but this panel is less sound than the one 
40 which was poured from a chlorinated degassed melt. 
three preceding radiographs clearly illustrate how, with a 
content of the melt, the rounded Las holes gsradually decrease 
m slit-like cavities, and then with a still further decrease in 


erely cause the formation of micro porosity. In this respect, 


im-base solid solution type alloys are entirely analogous to 


base solid solution type alloys such as that represented by 
composition C (Fig. 3). 


This radiograph is of the same triangular panel illus- 

41, but the panels were poured 30 min and I hr, respec- 

the hydrogen-gas treatment, the melt being held at 1400 F 

perature, some of the hydrogen gradually escapes from the 

the result that there is insufficient gas in the liquid melt to 

is holes, illustrated by Fig. 41. Instead, the gas in the melt 
ites the pe netration of the micro porosity shaded portion ) 





iL 
2 HRS. AFTER GASEING 


of 35 and 5.0 per cent moisture. Of 
these two figures, Fig. 35 represents 
the appearance of the machined sur- 
face of longitudinal vertical sections 
cut through the center of the cast- 
ings. The 3-in. section is at the top 
the 1'/4-in. section at the center, and 
the 34-in. section at the bottom. On 
the other hand, Fig. 36 shows the 
same machined section, but the ma- 
chined surfaces are adjacent to the 
cast surface. 

Figures 35 and 36 should be com- 
pared with Figs. 37 and 38 which 
are entirely similar, excepting that 





the natural green sand mold had an 
A.F.A. permeability of 7.5 and 7.5 
per cent moisture. Of these two 
photographs. Fig. 37 shows machined 
longitudinal vertical sections cut 
down the center of the casting. On 
the other hand, Fig. 38 shows similar 
machined sections adjacent to the 
surface of the casting. The explana- 
tion of the great concentration of 
pinholes near the surface is unques- 











| Fig. 44—Radiograph.c compar son of three panels, each top, 3 in. high, and 8 in. long. Bottom—San 
44x2x8 in., cast in ASTM-AZ63. Top—Riser %-in. size as employed on the casting illustrated at the tof 
| ; thick at the bottom, 1-in. thick at the top, 2 in. high, but the melt was degassed by chlorinat The 
t 8 in. long. Unchlorinated ASTM-AZ63 alloy super- three radiographs show how microporo 
H heated for 15 min at 1650 F, and poured at 1450 F in tuated by (1) inadequate feeding and t) 
green sand. Center—Same as above, except that the content of the melt. In general, the maximun 
| } riser was %-in. thick at the base, 2Yo-in. thick at the ness 1s obtained both by good feeding and melt qua 
tionably as described in the follow- tively limited time is involved, the tions are quite distinct; wh 
ing paragraphs. gas has only slightly penetrated to some other unsoundness 1s 
The melt poured into the mold the center section of the casting. The ated with the pinholes in the 
having high moisture and low per- amount of pinhole porosity increases heavier sections. Under thes 
: meability generated enough mold rapidly as the surface of the casting ditions some sand reaction 0 
gas pressure that the gas was able is approached. It would be erron- producing rather dit etal 
: to penetrate into the melt in the eous to assume that these pinholes jacent to the mold surface and 
mold before the metal solidified. are trapped mold gases. On the con- ing rather spongy meta! in * 
' These mold gases consist largely of trary, they are formed by hydrogen cations in the casting 
steam, the hydrogen from which is which was dissolved or absorbed In contrast to this, th 
| ; rapidly absorbed by the melt. from the moisture in the mold gases poured into the mold having 
When the latter solidifies, this gas | and then reprecipitated during so- moisture and high A.F.A. pet 
P is reprecipitated in the form of pin- lidification of the casting. ity did not develop su nt 
| pressure to cause the mold gs 
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holes but due to the fact that rela- 


The pinholes in the smaller sec- 
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Saye 
15—Radiographs of a Y2-in. thick section cut from 
thick, showing the relationship of shrink- 

we cat urface set, spongy shrinkage, and muicro- 
sorosit’ he gas content of the melt. Left—ASTM- 
AZ63 a iperheated at 1700 F for 15 min, cooled 


1500 F. and then degassed by chlorinating with 
rine per lb of melt. Right—Similar to 
was poured 


, 


left, except that the castin 





Radiographic comparison of two similar 

different thicknesses poured from AST M- 
1Z¢ unchlorinated, superheated 15 min at 1650 

ired at 1450 F. Top—%-in. panel. Bottom 


ng low 


= +? nel. These radiographs clearly indicate the 
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from the melt afte? passing one cu it of hydrogen 
through 250 lb of metal at 1500 F. The radiograph 
ejt shows the shrinkage cavity) surrounded by 


spor 4, shrinkage and a surface set at the fop When 
the melt ts nassed vith hydrogen, the amount of sur- 
face set decreases, the localized shrinkage remains but 
size, and there ts a large amount of micro- 


porosity enerally distributed throuchout the ection 





oriented microporosity in the thin section and the un- 
oriented microporosity in the heavier section. These 
differences probably arise from differences in solidi- 


fication rates and in degrees of direction solidification, 
and not in the microporosity formation mechanism. 
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Radiograph of a thin sec- 
tion of a No. 220 casting showing 


mottling caused by the _ coarse- 
grained structure. This mottling 
should not be confused with micro- 


porosity or pinhole porosity. XI]. 


Fig. 48 A) Photograph and (B) 
radiograph of a section of a No. 
355 alloy crankcase showing “cope 
dross” on the cope surface. This 
defect generally is observed after 
sand blasting and is not related to 
shrinkage or to gas evolution by 
the melt. The term “gas holes” 
should not be applied to this defect 


because it is misleading. X1. 


penetrate the melt. As a result, there 
was no gas absorption because the 
skin surrounding the melt is good 
protection against hydrogen absorp- 
tion unless it is broken. The lesson 
is obvious. The A.F.A. permeability 
must be relatively high, at least 15 
at the minimum, and the moisture 
content should be kept low, con- 
sistent with sand workability. 
Relation of Pinhole Porosity to 
Microporosity. The accentuation of 
microporosity by the gas content of 
the melt in magnesium alloys has 
been firmly established * * 
and it does not seem necessary to 
consider this phase of the problem 
further. As already illustrated by 
Fig. 1, magnesium alloys are not sub- 
ject to the formation of pinholes but 
rather to large gas holes which sel- 
dom occur under commercial condi- 


4, 5, 6, 7 


tions. When they do occur, however, 
it will be shown that they may grade 
into angular slit-like cavities and into 
microporosity. 


Solid Solution Type Alloys 

Aluminum alloys form pinholes as 
the result of the gas content of the 
melt produced under commercial op- 
eration. It will be shown also that 
this pinhole porosity may grade off 
into microporosity, especially in al- 
loys which are largely the solid solu- 
tion type, but which have a small 
amount of eutectic. This is well il- 
lustrated by Fig. 39, which repre- 
sents an aluminum alloy containing 
6 per cent magnesium, | per cent 
manganese, and 1.5 per cent copper. 

This alloy is essentially the solid 
solution type with a small amount of 
eutectic liquid forming at the end of 
solidification. This photograph, at 
X50, is of a polished cross section 
of an ordinary tensile test bar. The 
polished cross section showed the 
characteristic generally distributed 
type of pinhole porosity. Examina- 
tion under the microscope, however, 
showed that there was a great deal 
of porosity associated with these pin- 
holes which approached the appear- 
ance of microporosity. 

In fact, in this series of alloys, all 
gradations can be found between 
fairly rounded pinholes to rather 
large areas of generally distributed 
microporosity, which taken as a 
whole has the appearance, to the 
naked eye, of ordinary generally dis- 
tributed pinhole porosity. Figure 39 
shows a pinhole with associated mi- 
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croporosity, and it 
these areas in wl 
an aggregate of n 
distributed interc« 
microporosity, bety 
It has already 
solid solution type 
normally do not } 
rosity, though they 
times do have this 
they are characteri ‘| \ 
ence of microporosit 
hand, alloys which 
considerable rang: 
and have a large an 
solidifying at the end 
little or no micropor 
quite subject to pinh 
On the other hand 
that represented by Fig 
are intermediate, are character 
by pinhole porosity grading 
microporosity. Such defects 
shown by Fig. 39 can prope; 
called “pinholes with associated 

















croporosity.” This tern 
longer, is more accurate and 
descriptive than the commor 
which is applied, namely, “channe 
porosity.” This term is also decided. 
ly to be preferred rather than refer. 
ence to such defects by the erroneous 
term, “shrinkage.” 


Gas Hole Transition 

With decreasing gas content of 
the melt, the transition of gas holes 
in magnesium castings from round- 
ed shapes to angular slit-like cavities 
and then to microporosity has been 
described*. This is further illustrated 
by Figs. 40, 41, 42, and 43, with 
their captions. The accentuation of 
microporosity by the gas content oi 
the melt has also been illustrated ir 
a previous publication 

This is further illustrated by Fig 
44, which shows the reduction 
microporosity obtained by degassing 
the melt as well as the improvement 
obtained by using a larger riser, thus 
showing that microporosity can 
accentuated by either poor feeding 
or by gas evolution during solidih- 
cation. Figure 45, with caption 
an illustration of the relationship 
shrinkage, microporosity, and 
content in the melt. 
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Elaborate explanations have beet 
made® for the orient r “layer 
appearance of microporosity in mae 
nesium castings, but t! eem un- 
necessary. This orient 










is common in thin s 1S 











“channe! 
» dex ided- 


han refer. 


erroneous 


n 


ntent ¢ 


gas holes 
n round- 
€ Cavitie 
has been 
lustrated 
43, with 
ation of 
ntent of 


rated in 


by Fig 
tion of 
Pyassing 
yvement 
er, thus 
can be 
feeding 
solidif- 
tion 
ship 

id 








rapid and consider- 
the path of flow of 
mold cavity, giving 
ented 
sity. It is not common 


appearance ol 


ons where the direc- 
cation is less depend- 
path of flow of the 
mold cavity. This is 

Fig. 46. 
Mott a term applied to the 
of radiographs which 
iin structure. An 
is shown by Fig. 47, 
in section of a No. 220 


having a nominal com- 


cx- 


per cent magnesium in 
Mottling, 
ure, is not a defect, and 


showing the 


d not be confused with pin- 
ity or with microporosity 

erpreting radiographs. 
However, it must be admitted that 
thing occurs with either of 


lefects, proper interpreta- 
the film 


<amples of 


difficult. 
mottling were 


becomes 


if 
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Fig. 50 A) Photograph and (B 
radiograph of a l-in. thick section 
of an inadequately fed N. 55 
alloy impeller casting. This crack 
resulted from shrinkage and is 


properly called a “shrinkage crack.” 
not a “hot crack.” X] 


A ol Fig. 


In general, mot- 


illustrated by composition 
1, and by Fig. 11 
tling is more apparent the thinner 
the section radiographed, the coarser 
the grain, the better the contact of 
the film with the casting, and with 
other features which improve sensi- 
tivity of the radiographic process 


The exact cause of mottling has 
never been precisely proven, but it 
is clearly associated with the grain 
structure. It does not show a defect 
in the casting, except insofar as it 


reveals the existence of coarse grains. 
Melt Oxidat'on 


Cope Dross. One 
cope dross is included not because 


illustration of 


it is in any way associated with 
shrinkage or with the gas dissolved 
in the melt, but because cope dross 
is frequently called “gas holes.” This 
defect is, on the contrary, a result 
of turbulence during the pour, or 
pouring improperly skimmed melts. 
When an easily oxidizable melt, 
such as aluminum or magnesium, is 
poured in such a way that some 
turbulence occurs, some oxidation of 
the melt takes place. This oxide be- 
comes entrapped in the metal with 
a certain amount of air, forming a 
“froth” consisting of these three ma- 
oxide, air, and melt. 
Because of the air present, the 
over-all density of this froth is low 
and, as a result, tends to rise to the 


surface. For this reason, this defect 


terials 


invariably occurs on cope surfaces 
and may not be entirely visible un- 
til the casting has been sandblasted 
Figure 48 shows a photograph A 
and a radiograph B of a section of 
a crankcase of No. 355 alloy con- 


Fig. 49—-(A) Radiograph of a small 
No. 195 cored cylindrical 
housing showing a hot crack partly 
filled with eutectic. X1. (B) Photo- 
micrograph of the above-illustrated 
crack showing the eutectic filling in 
a portion of the defect. The 
filled portion might resemble micro- 
porosity but should not be confused 
with it. X100. 


alloy, 


un- 





taining this defect on the cope side 

This defect is frequently referred 
to as “gas holes.” However, it is be- 
that the 
holes” is used for other types of de- 
fects it 


‘ 


lieved because term “gas 


would be better to refer to 
this one as cope dross since (1) it 
occurs mainly on the cope side, and 
2) the defect is not caused by gas 
but by a mixture of metal, gas, air, 
and oxide, which constitute dross. 


Internal Stress 

It is frequently stated that in- 
ternal stresses produce microporos- 
ity. Internal stress applied to a hot 
casting hot 
typical example of which is illus- 
trated by Fig. 49. This figure shows 
a radiograph A of a small No. 195 
cored cylindrical 
showing a hot crack with a eutecti 
filling in part of the crack. This 
eutectic-filled portion of the crack 
appears as a fine white line because 
it has high density, whereas the un- 
filled portion of the crack appears 
as a dark line. 


will cause a crack, a 


housing 


alloy, 


The partially filled portion of the 
crack is shown by the photograph 

























































Radtographi 





ha l a rise? 4/4 - i) thick al the 


thick at the top, 2 in. high and 


from AST’M-AZ63 alloy, not chlorinated, superheated microporosity obtained by increasing th 
for 1d min at 1650 F, and poured at 1450 F. Top ture gradient. A high temperature gradier 


comparisons of panels 34x2x8 


in. long, poured 
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mal gradient, 58 F per in. Bottom—Cast a 
base and 1¥/ in. iron chill. Thermal gradient, 171 F pi 


three radiographs clearly illustrate th 


Cast in green molding sand. Thermal eradient, 15 F the thickness of the mushy zone, thereb) 


B) at 100 of a section from the 


casting in which the crack was filled 


with the copper-rich eutectic liquid. 
he cavities remaining in this hot 
crack may resemble those of micro- 
porosity. However, it is not desirable 
to call this microporosity because its 
origin is quite different. This alloy, 
No. 195, is quite hot short, and the 
hot crack shown by Fig. 49 is repre- 
sentative of a condition that can 
result from the use of an improper 
foundry technique. 

Cracks can also occur in alloys 
which are not particularly hot short. 
Chis is well illustrated by Fig. 50, 


which is a photograph (A) and a 


per in. Center—Cast against a graphite chill. Ther- 


radiograph (B) of a 1-in. section of 
an inadequately fed No. 355 alloy 
impeller casting. However, this de- 
fect is associated with obvious 
shrinkage and, therefore, this crack 
should not be called a “hot crack” 
but, on the contrary, it should be 
referred to as a “shrinkage crack.” 
The reason is obvious. If the in- 
spector or metallurgist calls such a 
defect a hot crack, the foundryman 
would normally proceed to ‘reduce 
the internal stress of the hot casting. 
perhaps by making a softer core. It 
is obvious that this terminology 
would be misleading to the foundry- 
man, whereas, if the metallurgist or 


amount of the microporosity as describ: 


inspector properly label 
as a shrinkage crack. 
man would correct it by 


quate feeding of this por 


All of the  illustratic 
Fig. 51, included in th 
of sand castings. Simila: 
occur in permanent n 
excepting, of course 
arising from gas absorpt! 
mold, as illustrated by 
general, permanent 
solidify more rapidly an 
er temperature gradient 
case with sand castings 

As a result (1) th 
tends to be finer, more ! 
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ous, (2) the localized 
beinka nds to be more local- 
a wile naller volume of spongy 





nore 















metal nt to the main shrink- 
we cay nd (3) as a corollary of 
Item 2 roporosity occurs to a 
esseT ¢ 

This rtly a result of increased 
temper: gradients and partly be- 
ause alurninum permanent mold al- 
ve invariably form a considerable 
mount of eutectic. The magnesium 
Bons selected for permanent mold 
ye are also of the type which are 





least subject to microporosity. 


The effects of solidification rate 








upon the occurrence of pinhole po- 
rosity in aluminum and gas holes in 
magnesium alloys have been men- 





tioned. Figure 51 is an illustration of 
the relationship of the degree of di- 
rectional solidification as affected by 
the steepness of the temperature 
gradients in the solidifying casting 
ind occurrence of microporosity. 











4 number of defects which may 





ecur in aluminum and/or mag- 





nesium castings have been _ illus- 
trated. In general, the terms applied 

these defects as nearly as possible 
onvey to the foundryman the exact 
use of the trouble. Accordingly, 
the terms applied to these defects 










have been of a nature which de- 






cribes their appearance and _indi- 
ites their cause. Where the cause 
not definitely known, a term is 
sed which is descriptive but which 
loess not give the foundryman an 


































7 rroneous impression as to the cause 
f the defect. 
cond In general, the type of defect pro- 
“i duced by shrinkage and/or the evo- 
ing th ition of gas in light-alloy melts de- 
le pends mainly upon (1) the alloy 
mposition, (2) the gas content of 
the melt, and (3) the manner of 
> def idification and the degree of di- 
yundry- rectional solidification as determined 
re ad by casting design, section thickness, 
nd gating method, etc. Depending 
exce mainly upon these factors, localized 
er ar shrinkage grades into microporosity, 
ts ind gas porosity may also grade into 
re, microporosity so that no hard and 
dele ‘ast lines of demarcation are formed. 
om U 
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DISCUSSION 


Chairman: W. E. Martin, National 
Smelting Co., Cleveland 

Co-Chairman: A. W. StTo.zensura, 
Aluminum Co. of America, Detroit 

M. C. Corson’ (written discussion): 
The writer hoped that Dr. Eastwood 
might introduce new and fundamental 
concepts in the understanding of the 
causes of unsoundness and the mechanics 
of its development. Unfortunately, his 
hopes did not materialize. Quite to the 
contrary. 

Dr. Eastwood has shown a number of 
pictures taken from extremely porous 
samples. Not having read his paper in 
preprint, the writer can not see how he 
obtained them. The writer can say, how- 
ever, that not in the poorest aluminum 
foundry could one encounter such de- 
grees of porosity, except perhaps in a 
fraction of one per cent of all castings 
made. 

To illustrate the point, while an 
ordinary aluminum alloy No. 12 if prop- 
erly treated would show 21,000 psi. ten- 
sile strength, as cast, it happens but 
rarely that a test bar from a very poor 
heat would run below 16,000 psi. If, 
however, the porosity of the test bar 
were such as corresponds to Dr. East- 
wood’s pictures it would hardly last be- 
yond 10,000 psi. In short, the writer 
thinks that studies on excessively porous 
laboratory samples can be of ho assist- 
ance to the practical foundryman; he 
just does not get such bad castings. 

The above, however, is a point of 
secondary importance as far as the writ- 
er’s discussion of Dr. Eastwood’s paper 
goes. Far more important is the fallacy 
of his statement that pure aluminum 
and some eutectic and near eutectic 
alloys of aluminum are less subject to 
porosity because they solidify at a point, 
while the other ones solidify through a 
range. 

Dr. Eastwood forgets evidently that a 
point in temperature is not a point in 
time, and that it actually takes a longer 
time for pure aluminum to solidify than 
it takes in the case of aluminum-copper 
alloys so that aluminum stands a better 
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chance to expel the absorbed gases than 
all of its alloys because it will remain 
liquid much longer 

In fact, aluminum does not solidify 
at a point of temperature (1220° F.) 
It is one of the metals most subject to 
undercooling and it can remain liquid 
even below 1100° F 

Che following examples shall be men- 
tioned to refute the fallacious concept 
of “the range of freezing’: 

1. Pure copper has no range of freez 
ing and is extremely sensitive to absorbed 
gases. It is very easy to obtain copper 
castings that look as if they were worm 
eaten. The same is true for pure nickel, 
iron, and silver 

2. An aluminum alloy with 13 per 
cent silicon treated with sodium is a 
eutectic and should solidify at a point, 
hence be fairly immune to porosity, but 
as a matter of fact it is one of the most 
likely to be porous. That's why the ten- 
sile strength of the modified alloy can 
run from 25,000 to 40,000 psi. and its 
elongation from 5 to 18 per cent. 

In short, we still do not possess a clear 
understanding how porosity develops and 
this pertains both to gas porosity and 
intergranular shrinkage. We know that 
the first exists and is usually due to the 
absorption of hydrogen either directly or 
from the water vapors present. It can 
be taken care of by a thorough degass- 
ing with a non-absorbable gas or vapor 
Chis can bring about a complete absence 
of pinholes. 

Intergranular shrinkage assumedly can 
be taken care of by proper gating and 
risers of a proper size, but the extent 
of its elimination is by no means large 
and depends on the size of the casting, 
particularly its cross-section. It is that 
non-eliminable shrinkage that makes al- 
most impossible to obtain a strength 
higher than 45,000 psi. in an alloy con- 
taining 4 per cent copper and 2 per cent 
silicon, while the same alloy as forged 
can reach a strength of 60,000 psi. 

In short, Dr. Eastwood’s paper throws 
no light on the nature of unsoundness 
and therefore does not indicate the ways 
to its elimination. On the other hand, 
it introduces the concept of the consti- 
tutional solidification range which has 
nothing to do with unsoundness. 

L. W. Eastwoop (answer to Mr. Cor- 
so.’s written discussion:) In reply to 
Mr. Corson’s first three paragraphs, it is 
merely necessary to point out that a few 
typical examples of unsoundness in com- 
mercial castings are shown, but most of 
the principles illustrated are based on ex- 
perimental castings. These principles are 
applicable to commercial castings. Ob- 
viously, commercial castings are unsuited 
to illustrate the principles involved, just 
as they would be unsuited for many 
other types of laboratory investigations. 

His fourth paragraph is adequately 
covered in the paper since the effect of 
solidification rate and steepness of the 
temperature gradients has been described 
briefly. It is questionable that pure 
aluminum solidifies so much more slowly 
than an aluminum-copper alloy. Indeed, 
because of the higher conductivity of 
the commercially pure aluminum, it 
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would be expected that, if anything, the 
reverse would be true. 

In any event, the differences in the 
time factor would be small. As indicated 
by the marked columnar grains in com- 
mercially pure aluminum, it solidifies in 
a very directional manner and the mushy 
zone is narrow because the melt solidifies 
at nearly constant temperature, giving 
ample opportunity for the gas to escape 
ahead of the solidifying casting. 

Regarding the two points intended to 
prove the “fallacious concept of the 
range of freezing,” the first is irrelevant 
because it pertains to copper-base alloys 
in which the most important gas precipi- 
tation is in the form of steam from the 
hydrogen-oxygen reaction. The subject 
ot our paper is light alloys in which gas 
unsoundness results from precipitation 
during solidification because of the de- 
creased solubility. 

Regarding his second point, the writer 
is sure no one would suggest that any 
aluminum cast alloy is “immune from 


pinhole porosity.” Those alloys solidify- 
ing at constant temperature, such as a 
modified 13 per cent silicon alloy for 
example, is less prone to form porosity 
than one which solidifies over a range 
in temperature such as the No. 122 alloy 
for example. The data in the paper 
clearly illustrate this. 

Mr. Corson attributes to the presence 
of porosity all the variations in proper- 
ties of the eutectic silicon alloy and the 
differences in properties obtained in a 
forging, as compared with a casting. 
Actually, porosity is only one of the fac- 
tors and this is probably less important 
than the structure, i.e., differences in the 
size, shape, and distribution of the con- 
stituent phases in the alloy. 

The last two paragraphs in Mr. Cor- 
won’s discussion have been adequately 
covered in many of the papers published 
in this country and in England in the 
last few years. Several of these are 
listed in the bibliography. While the 
last word probably has not been written 
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on this important subj: 
will clearly indicate to 

the fundamentals involv: 
tion of microporosity, in: 
to as “intergranular sh: 
Corson’s comment. 

MEMBER: Would any 
ing or anything you c: 
given you a good sound 
4-in. cube in the step r to; 
that 4-in. cube look simila the 1 
cube in soundness? (Co ; 
headed or gated it to ga 
there? 

Dr. Eastwoop: In th tep castir 
the heavy section could bx be Sips 
insofar as a localized shrinkage js 
cerned, by better feeding. Howeve; 
heavy section invariably exhibits 
unsoundness resulting from gas 
tion, than a light section. Heavier fees — 
ing would not eliminate the defects ari 
ing from gas evolution. Heavier feeding 
would eliminate the defects arising frop 
shrinkage. 

















C. Dohrmann 


“iB CENTRIFUGAL DUST COLLECTORS 


> The writer discusses trap type, common cyclone type, 
and the volute or spiral type of centrifugal dust collectors. 
Centrifugal type dust collectors utilize radial acceleration of 





Buell Engineering Co., Inc. a gas stream for seperating solid particles suspended therein. 
Casting New York, N. Y. The fundamental operation is separation of dust particles 
de 5 from the main air flow into a quiescent zone, settling out by 
ti gravity into a receiving hopper. 
ect ve 
Bea HI sic principle employed height of the particle above the bot- except on particles of large mass 


ntrifugal type dust col- 
rs is the utilization of 
leration of a gas stream 
ting solid particles sus- 
erein. Various designs are 
nging from the simple trap, 
h the particles aré thrown 
the gas stream by virtue of a 
ge in direction, to the 
ency cyclone wherein the 
n direction of the air stream 
nuous throughout its passage 
igh the cyclone. 
such collectors the funda- 
operation involved is the 
ration of the dust particles from 
air flow into a quiescent 
vhere they can be settled out 
in a receiving hopper. 


Dust Particle Separation 
[his requires that the particles 
cross the stream, but such 
tion is opposed by the aerody- 
resistance on the particle, the 
magnitude of which is a function of 
particle size, shape and surface 
The velocity of the par- 
relative to the air stream will 
lepend upon a separating force im- 
‘ed on the particle against this re- 


in an ordinary settling chamber 


Fig. |) the separating force is the 
gravitational force and in the ab- 


nee of turbulence the horizontal 
I { travel required to settle 
rticle is directly proportion- 
the air velocity and the 


Py at a Session sponsored by 
ne § ind Hygiene and the Plant 
d P “Equipment Committees at the 
teth nual Meeting of the Amer- 
n F ymen’s Association at Cleve- 
ind, May 6, 1946, 





tom and inversely proportional to 
the settling velocity of the particle 

It is apparent from a consider- 
ation of practical values of the fore- 
going factors that separation of dust 
by this means usually involves units 
of impractical size. In the centrif- 
ugal collector the force imposed on 
the particle is a function of the 
radius and velocity of rotation and 
may be of much greater magnitude 
than the gravity force, so that the 
distance of travel required for sep- 
aration of the particle to the collect- 
ing surface is reduced. 

The maintenance of a minimum 
radial width of the entering gas 
stream will also require a minimum 
length of gas path. In the high ef- 
ficiency cyclone type centrifugal col- 
lector of proper design the down- 
ward spiral flow pattern produces 
the maximum length of gas path in 
the minimum space. 

An analysis of these fundamental 
factors, will, in general, indicate the 
relative separating ability of the 
various types of centrifugal collec- 
tors. Actually the problem is more 
complicated due to velocity require- 
ments in the region of turbulent 
flow and the presence of secondary 
flow components. However, consid- 
eration of these factors is beyond 
scope of this paper but it can be 
stated that various designs have 
been developed to minimize the ef- 
fect of these conditions. 


Trap Type Collector 


Simplest of centrifugal collectors 
is the trap (Fig. 2). It should be 
noted that the length of the gas path 
is extremely short which is a partic- 
ular reason for its being ineffective 


Modifications of this design have 
been developed using multiple vanes 
in an attempt to improve the effh- 
ciency but the inherent disadvan 
tage of a single change in direction 
of flow would indicate a rather def- 
inite limitation to the gain that 
might be attained 


Common Cyclone Type Collector 
So-called common cyclone (Fig 
}) can be considered next in order, 
with reference to separating ability 
These units are of relatively large 
dimensions on the basis of gas vol 
ume handled as indicated by the 
large ratio of cyclone diameter to in- 
let diameter. While the inlet veloc- 
ity is generally of the order of 50 
ft. per sec., the true cyclonic action 
is not in evidence because of the 
large gas volume within the cyclone 
compared to through-put volume. 
The large dimensions provide a 
long holding time but the low rota- 
tional velocity in these units means 
a low separating force on the par- 
ticles. The application of these units 
is therefore usually limited to rather 


coarse dust. 


Volute or Spiral Type Collector 

Next design to be considered is 
what we might call the volute o1 
spiral collector (Fig. 4). This us- 
ually takes the form of a scroll sim- 
ilar to a fan casing except that the 
flow is in the opposite direction. 
Usually at about 270° F. from the 
inlet a slot or slots are provided for 
passing the dust thrown to the pe- 
riphery into a hopper or secondary 
collector. 


The gas follows a spiral path 
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Fig. / Sketch of settling chamber illustrating settling of dust particles. 











toward the center and leaves 


through a central opening. Vanes 
are sometimes provided to form a 
cylindrical baffle so that the gas is 
made to reverse its direction before 
leaving as a means of further im- 
proving the separation. 

This has in 
been used to form the inlet boxes on 


design some Cases 


fans thus incorporating a fan and 
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Fig. 2—Sketch of trap type cen- 
trifugal collector showing settling of 
dust particles. 


It is 
withdrawal 


collector as an integral unit. 
that a 
of the separated dust is attained to 
assure a through the 
slot into the collecting hopper or 
This 


rejoin 


essential proper 


definite flow 


Sec ondary collector. gas flow 
must the 
stream and the required pressure 


differential may be obtained by con- 


necessarily main 


nection to a point of low pressure or 
the use of a small fan capable of 
handling the shunt flow. 

Essentially, the length of path is 
limited to less than one revolution 
although some designs are propor- 
tioned to provide for recirculation 
(Fig. 5), in which case the distance 
is increased with a corresponding in- 
crease in efficiency. However, the 
comparatively large dimensions re- 
quired means a low separating force 
so that here again the application is 
limited to the coarser dust. 


High Efficiency Cyclone 

At the present stage of the art 
the high efficiency cyclone (Fig. 6) 
is the most effective centrifugal col- 
lector available. There many 
variations of this type but in general 
they have an inlet at or near the 
top with the greatest diameter at 
this point and taper down to a small 
diameter dust discharge opening at 
the bottom. 

The gas outlet consists of a con- 
centric tube extending down into 
the cyclone at various distances from 
the top. The flow pattern takes the 
form of a descending spiral at the 
periphery and an ascending spiral in 
the center. 

The gas rotation is achieved 
either by an inlet tangential to the 
cyclone body and the outlet tube. 
In the latter case directing vanes 
are disposed in the annular space to 


are 


CENTRIFUGAL PD; 





impart a rotationa 


tering stream. 


There have beer 


toward mathemati 


clone operation an 


of basic equations 
complexity of the ; 
volved has prevente 


gree of success alono 


best any equations ¢| 


evolved have been lin 


particular design pro) 
Most of the work d 


velopment of 


high 


clones has therefore b: 


pirical nature. In th: 


signs, with which the 


cerned, individual expe; 


run into the thousands 


In view of the effex t ol dr 


al proportions on the 


of cyclonic collectors, 


eriorr 


IS under 


standable that various investigate, 


have evolved different concept: 


the relative importance of th 


ous factors and have concentrated 


their efforts on designs in whict 


in particular is stressed 


However, a 


proper 


Various Factors Considered 


balan f 


these proportions is essential 


extreme values of one particular fac. 


tor, while tending to produce hig! 


efficiency may effect other factors t 


a greater extent in the directio 


lower efficiency. By way of illust: 
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sider some of the con- 
h promote good per- 

i cyclone. 
mental that at a given 
locity the separating 
irticle is greater at the 
However, this does 
it a small diameter unit 
it itly more efficient than 
diameter, although it 
that a smaller diameter 
rticular proportions is in- 
re efficient than a large 
init of the same propor- 


[he distinction lies in the fact 
init of diameter D taper- 
to a dust discharge of 


- D the separating force at the 


about eight times that 
whereas in a unit of dia- 
ter 2 ind dust discharge dia- 


meter 1/2 D. the s parating force at 
the discharge is about 64 times that 
at the inlet or about eight times that 
in a unit having a diameter only 1/2 
as large. This would indicate that a 
small ratio of dust outlet diamete1 
to cyclone diameter is essential 

However, it is also necessary to 
have a large ratio of overall height 
to cyclone diameter. It is readily 
apparent when we consider that if 
the cyclone tapers too sharply the 
vertical component of the reaction 
of the conical wall to the centrifugal 
force on the particle may prevent its 
downward motion to the collecting 
hopper. 

The radial width of the inlet is 
also an important factor since both 
theory and practice indicate that 
with a decrease in width an in- 


crease in efficiency can be expec ted 
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There is of course a limit to this 
decrease where other proportions r 
main the Same since if thus ap 
proaches the case or the ordinary 
cyclone having a lara ratio of cy 
clone volume to through-put vol 
Lurie 

The position and diameter of the 
gas outlet pipe will effect the efh 


The de pth 


to which these pipes should extend 


ciency of a given unit 


below the top for best performance 
cannot generally be stated since it is 
more commonly related to the over 
all desion but a decrease in its di 
ameter, will, in general, mean an in- 
crease in efficiency as well as in 
crease in pressure drop 

Che foregoing discussion has been 
confined to the design of single ele 
ments. In practice, it is generally 
found expedient to use multiple 
clements, having common inlets and 
outlets and discharging to a com 


mon hopper It is essential in such 


I 6—Diagsram of a high « fh 1ency 


cyclone type dust collector 
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cases that the individual elements 
equally share the load, since any in- 
equality will result in circulation be- 
tween elements by way of the hop- 
per, thus reducing efficiency. The 
design of the inlet and outlet should 
therefore insure proper distribution 
to the elements 

In the high efficiency type of col- 
lector the action of the vortex 
wherein high spin velocities obtain 
at the dust discharge, the static pres- 
sure in the hopper is usually lower 
than the stati pressure in the gas 
outlet. This means that even with 
the collector on the discharge side of 
the fan a negative pressure Can ex 


ist in the collecting hopper 


It is therefore essential that the 
hopper be properly sealed at all 
times against any inleakage since ad- 
mission of air to the hopper creates 
an upflow into the cyclones which 
has the effect of materially reducing 
the efficiency. 

With regard to applications in the 
foundry the centrifugal type collec- 
tor has a definite place on various 
operations. They have been success- 
fully used on knock-out and shake- 
out screens, on sand blast and shot 
blast machines, as well as grinding 
and polishing operations. 

It must be borne in mind how- 
ever that in view of its inability to 
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WELDING HEAVY GRAY IRON 


CASTINGS 





L. J. Larson 
Allis-Chalmers Mfg. Co. 
Milwaukee 


WELDING APPLICATIONS on 
cray iron differ from those on most 
ther metals. Welding on gray iron 
has been largely limited to repair 
and salvage operations. In some 
ases pads, bosses, and also other 
more complicated parts, such as 
brackets, have been added to iron 
astings by welding. However, the 
manufacture of gray iron structures 
by welding together two or more 
astings is not common practice and, 
as a result, production procedures 
have not been developed. 


Gray lron Sensitive 

Limited use of welding on gray 
iron is due, in part, to the difficulty 
ft achieving ideal conditions for 
making satisfactory welds. Because 
of its composition, gray iron is sen- 
‘itive to the effect of heat treat- 
ment. If it is heated above its criti- 
cal temperature and cooled at a 
rate exceeding about 600 F per 
minute it becomes hard and brittle, 
and is easily cracked by stresses 
caused either by loading or by tem- 
perature differentials. 


In all of the welding processes, 
the material adjacent to the de- 
posited metal is heated above the 
critical temperature for gray iron; 
hence. the only method of prevent- 
ing the hardening of this zone is to 


Presented at a Gray Iron Welding Ses- 
sion the Fiftieth Annual Meeting, 
Ame Foundrymen’s Association, at 
Cleveland, May 10, 1946. 


retard the cooling rate. The most 
effective way of doing this is to pre- 
heat the adjacent portion of the 
casting. 

Temperature to which the metal 
must be preheated and the size of 
the preheated area depend upon the 
welding process to be used and the 
size and shape of the casting. Al- 
though specific rules governing all 
cases cannot be given, the following 
general principles will serve as a 
guide when repairs of maximum 
strength are desired: 

1. Heat the surface on which met- 
al is to be deposited sufficiently to 
obtain a good bond between the 
weld and the parent metal. 

2. Heat the area adjacent to the 
repair sufficiently to prevent hard- 
ening in the weld zone. 

3. Heat other parts of the cast- 
ing in such a manner that excessive 
stresses will not be caused by the 
welding operation. 

A general preheat to a high tem- 
perature, about 1000 F, would meet 
all of the foregoing requirements, 
but such a preheat is seldom pos- 
sible on large castings. Furthermore, 
the welder would not be able to 
work on castings heated to this tem- 
perature. Therefore, a compromise 
is necessary, and either a lower gen- 





rT Many successful repairs 
have demonstrated the 
feasibility of welding heavy 
gray iron castings, the es- 
sential factor being the 
proper selection of a weld- 
ing process and a method 
of procedure for the par- 
ticular application. 











eral preheat or a local high tem- 
perature preheat is used. 

For repairing gray iron castings, 
a number of methods have been suc- 
cessful. Among these are: 

a. Metallic arc welding. 

b. Oxyacetylene welding. 


*. Carbon arc welding. 


“ 


d. Bronze welding. 


e. Thermit welding. 


Burning. 

Each method has certain advan- 
tages and certain disadvantages, and 
the particular process to be used de- 
pends upon circumstances. Some- 
times two or more processes may be 
used on the same casting. 

Metallic Arc Welding. For metal- 
lic arc welding, either ferrous elec- 
trodes (low carbon steel or cast 
iron), or non-ferrous’ electrodes 
(generally monel metal or an equiv- 
alent composition) may be used. 


Repairing 

Preparation for making a repair 
consists of chipping away any un- 
sound metal and, if the defect is a 
crack, of chipping a V-groove from 
one or both sides of the casting. 
For castings up to about 1%-in. 
thickness a single V-groove may be 
used, but on heavier sections a dou- 
ble V-groove is desirable if both 
sides of the casting are accessible. 

The groove should be sufficiently 
wide at the bottom to permit of 
proper manipulation of the elec- 
trode and should have an included 
angle of from 60 to 90 degrees. For 
best results, back chipping to sound 
metal and welding the second side 
are essential for both single and dou- 
ble V-grooves. A shear V-groove, 
which is a V-groove with a wide 
top, is sometimes used to increase 
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the bonding area between the weld 
metal and the parent metal. 

In most applications of arc weld- 
ing it is desirable to use threaded 
studs in the groove. These studs 
vary in size from %-in. for the thin- 
ner sections to Y2-in. for heavy sec- 
tions. The studs should be well dis- 
tributed over the surface of the 
groove or weld area, spaced at about 
Y-in. for the smaller studs and up 
to 2 in. for the larger studs. 

If the studs are to be fully effec- 
tive care must be taken to obtain 
good fusion around and onto the 
studs, thus attaching the weld metal 
securely to the studs which, in turn, 
are anchored into. the cast iron be- 
low the heat-affected zone. Without 
the use of studs, arc welds may pull 
away from the parent metal, as 
shown in Fig. 1. Cracks such as 
those shown in this specimen gen- 
erally occur in the heat-affected 
area and are not due to lack of 
fusion between the weld metal and 
the cast iron. 

With the metallic arc process, pre- 





Fig. 1—Metallic arc weld with coat- 
ed steel electrodes and no pre- 
heat. X1. 


heating of the base metal in order 
to obtain fusion between it and the 
deposited metal is not required, but 
hard spots in the weld area will oc- 
cur if preheat is not used. Figure 2 
shows the results of hardness sur- 
veys on single-bead welds made with 
two ferrous and two non-ferrous 
electrodes, with no preheat, and 
with 500 and 1000 F preheats. The 
curves at the left show the hard- 
ness in the heat-affected zones, and 


Fig. 2—Curve showing hardness val- 
ues of single-bead metallic arc welds. 
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those at the right th: 
the weld deposits. 

As might be expect: 
electrodes produce hig! 
the heat-affected zones 
heat is used. The valu 


eC Sor 


what higher for the ferrous thay § 
the non-ferrous types of clectrods: 
but the difference is not vreat. Ay 

preheat of 500 F the hardness val. 
ues, with one exception, are betwee, 


245 and 275 Brinell for all ej, 


trodes, and at the 1000 } preheat 


all hardness values are below 1¢ 


Brinell. 


Hardness values of the weld dp. 
posit show a marked difference be. 
tween the ferrous and non-ferroy 
types of electrodes. With stee! elec. 
trodes the hardness is above 4() 
Brinell for preheats of 500 F or Jes 
and between 190 and 225 Brinell fo; 
a 1000 F preheat. The monel tyy 


electrodes show values below ? 


Brinell for all preheats except on 
electrode at 500 F, which has , 


maximum hardness of 320 Brine! 
With multipass welds, both th 
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ned materially by the 

sent layers, but this 

inate the danger of 

e hardened areas be- 
© sor iver is deposited. Even 
han fo, +h a Dt t of 500 F, multipass 
trod rv vith either ferrous or 
ma lectrodes may develop 
NeSS Va ; shown in the photo- 
betwee rog! Figs. 3 and 4). 





Jeld Strengths 
mine their strengths, 
of ral types were made in 
eld d sandard y iron castings such as 
nce by t sh n Fig. 5. This shape of 
ferroy ting chosen because it of- 
el ek -< some restraint to the shrinkage 
ve 4f) ‘he weld. The strength values for 
or less ‘he welds were obtained from ten- 
ecimens located as shown in 
part of Fig. 6. The nu- 
" rical values shown in the lower 


Y f Fig. 6 apply only to a par- 

has iar bronze weld. 

rin Metallic arc welds were made 

h th h ferrous and with non-ferrous 
trodes with no preheat and with 

— reheat of 500 F. Since it was 


red to determine the strength of 
unction of the weld to the cast 
n, no studs were used. 
With no preheat the welds pulled 
iy from the cast iron, as shown 
Fig. |, and no tension tests were 
ide. With a preheat of 500 F the 
eld made with the ferrous elec- 
trodés had a tensile strength of 11,- 
() psi across the junction and 
‘9.000 psi for the deposited metal. 
[he corresponding values for the 
veld made with the non-ferrous 
ectrodes were 12,200 and 70,000 


respectively. 


Structure Distortion 

Metallic arc welds were not made 
vith a preheat of 1000 F since oth- 

welding processes are generally 
relerred if this amount of preheat 
permissible. 

The fact that fusion onto the 
base metal can be obtained with- 
it preheat with the metallic arc 
proces ads to its use on struc- 


tures in which distortion must be 
rt minimum, and for which 
maxin strength of the repair is 
wot required. Cast iron cylinders of 
OW pressure steam turbines are 
struct of this type. 
Alter years of service the ma- 


tween the blade grooves 





Fig. 3—Crack in heat-affected area 

and weld deposit (right) of metalli: 

arc weld with steel electrodes and 
500 F preheat. 100. 


often corrodes sufficiently to impair 
the support for the blades. The cor- 
roded areas are built up by welding 
without preheat since distortion of 
the cylinder would render it useless 
for further service. 

The areas to be 
studded with '%-in. 
lightly coated monel electrodes are 
used. By depositing only short beads 
and skipping around to different 
parts of the cylinder it is kept suf- 
ficiently cool to touch with the hand. 
Cylinders have repaired by 
this method for more than 20 years 
and rewelding has never been nec- 
essary. The improved life after weld- 
ing is due to the superior corrosion 
resistance of the monel metal de- 
posit. 

When the 
from a moderate preheat is not se- 
rious but a high preheat is objec- 
tionable, metallic arc welding may 
be used with a preheat of about 500 
F. This results in a repair with suf- 
ficient strength for many structures, 
especially if studs are used. Such 
welds, made with non-ferrous elec- 
trodes, are machineable. 


Gas Welding 

Oxyacetylene Welding. Oxyacety- 
lene welding or gas welding, as it is 
frequently called, is done with the 
oxyacetylene torch adjusted to a 
neutral or slightly carburizing flame. 
Cast iron filler rods having about 
3.5 per cent carbon and 3.0 per 
cent silicon are suitable, and a cast 
iron welding flux is used. 


repaired are 
screws, and 


been 


distortion resulting 


For repairing cracks in castings, a 
V-groove similar to that used for 
arc welding is prepared. The groove 
need only be wide enough to per- 
mit proper manipulation of the 
welding torch, and studs are unnec- 
essary. 

Parent metal around the weld 
area is generally heated to 1000 F 
or more to speed up the welding op- 
eration. This may be done with a 
charcoal fire or with large gas or 
oil burners. Hardening is not a prob- 


Fig. 4—Crack in heat-affected area 
of metallic arc weld with monel elec- 
trodes and 500 F preheat. X 100. 

















lem in the case of gas welding since 


the heat required to obtain prope 
fusion will raise the temperature of 
the adjacent metal sufficiently to 
prevent the weld area from cooling 
faster than the critical rate. 

Size and shape of the preheated 
area are determined by the shape of 
the structure being repaired, the 
object being to heat it in such a 
manner that the structure will not 
be subjected to excessive thermal 
stresses during heating or cooling. 

Flux is sprinkled in the groove 
which the 
welding is to be started is heated 
to the melting 
filler wire, dipped in flux, is heated 
to a red heat and rubbed onto the 
fused area. With continued heating 
a pool of molten metal is formed, 
and the tip of the filler wire should 
be kept submerged in this pool. 

If the filler wire is melted and 
allowed to drop into the pool, slag 
inclusions and porosity are likely to 
result. Working the filler wire in the 
molten pool helps to float out the 
slag. Care must be taken to melt 
the parent metal ahead of the mol- 
ten pool in order to obtain good 
fusion. Flux is added as the welding 
progresses. 

After the welding is completed 
the structure should be covered so 


and the local area at 


temperature. The 
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as to cool slowly. Stress-relieving at 
temperatures of 1100 to 1200 F is 
beneficial, especially if the structure 
is rigid. 

An oxyacetylene weld, properly 
made, will have a structure similar 
to that of the parent metal except 
that the grain size will be smaller. 
Figure 7 shows the junction be- 
tween an oxyacetylene weld and 


(iy eae "eat 
ya se ve) 


1 s 


Fig. 5—Cast iron plate used for 
welding and brazing tests. This type 
of casting was selected because it of- 
fers some restraint to shrinkage of 


the weld. 


gray iron. The strength of the de- 
posited metal corresponds to that of 
cast iron of a similar analysis and, 
if the welding procedure has been 
carried out so as to obtain proper 
fusion, the joint will have a strength 
approximately equal to that of the 
parent metal. 

Oxyacetylene welds with cast iron 
filler rod have the same color as the 
parent metal, which is sometimes 
important, especially when the re- 
pair is to be machined. 

Carbon Arc Welding. Although 
this is an arc welding process it re- 
sembles oxyacetylene welding since 
the same types of filler wire and flux 
are used. However, an arc between 
carbon or graphite electrodes and 
the work is used to furnish the heat 
necessary for making the weld. 

Inasmuch as the heat of the arc 
is sufficiently intense to melt the 


Fig. 6—Layout showing location of 

tension specimens cut from test 

plates, and physical properties of 
brazed joint. 


parent metal without difficulty, pre- 
heating is not required in order to 
obtain fusion. However, preheating 
is necessary to prevent the heat-af- 
fected area from hardening and 
cracking, just as in the case of 
metallic arc welding. The weld area 
should be heated to about 1000 PF, 
and the surrounding area heated 
sufficiently to prevent excessive tem- 
perature stresses. After the weld is 
completed the casting should be 
covered so as to cool slowly. 
Welds made by this process will 
be easily machineable and the color 
of the weld metal will be the same 
as that of the casting. If the weld- 
ing is properly done the strength of 
such welds will be satisfactory, but 
it is more difficult to control this 
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welding procedure 
the gas welding met 
Bronze Welding 
process or brazing j 
welding except tha: 
wire of approximat: 


copper and 40 per zit 
position is used in p 
iron filler wire. T} cvacetules 


flame adjusted to be 
ing is used as a sour 


is recommended that two type: .: I! 
flux be used, a “tinning” fyy 5, 
coating the surface of the cast jp speed 


and a welding flux for the remaj 
brazing operation. These fluxes 
commercially availab|: 

For repairing cracks in casting 
V-shaped welding groove, similar » 
that used for arc and gas weld 
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oove should be chipped 
ground because grind- 
coat the cast iron with 
ich interferes with the 
cess. Cleaning with a 
is helpful, and excess 
iy also be burned off 
acetylene torch adjusted 
zing flame. 





eheat Developed 
d area is preheated by 
\ient means in order to 
sp the welding operation. As 
e! n the of oxyacetylene welding, 
welding operation de- 
icient preheat in the ma- 
ria icent to the welding groove 
prevent hardening of the heat- 


irea. 


S of the tinning flux is sprin- 
a d into the groove and a small 
t the point where the weld is 

— | 


tarted is heated to a tem- 

rature slightly above the melting 

remperature of the brass filler rod, 
ch is about 1650 F. 

Behavior of the brass on the cast 

ndicates when the proper tem- 

rature has been reached. If the 

st iron is too cold, the brass does 

spread out or “tin” the sur- 

and if the temperature of the 

n is too high the brass collects 

little balls on the surface of the 

t iron. The fact that bronze weld- 

ing is done at a temperature of sev- 

hundred degrees below the 

elting point of cast iron is an ad- 

ntage in favor of this method of 


ing 


he welding groyve must be 

nned with brass ahead of the weld 

sure that the deposited metal 

will not be cast in the groove with- 

fusion. When tinning is proper- 

the brass penetrates be- 

ween the grains of the iron, as 

shown in Fig. 8 at X25, and in 
Fig. 9 at 100. 


Improper "Tinning™ 
he result of improper tinning is 
sh in Fig. 10 at X25. In this 
as ‘| be noted not only a lack 
tergranular penetration of the 
orazing material but the presence 
xide film between the two 
Obviously, under this con- 
i satisfactory joint is not ob- 
. After the groove is tinned 
the d is built up in layers until 
ompecte, and the casting is then 
and allowed to cool slowly. 
































A bronze weld, properly made, re- 
sults in a repair which is as strong 
as the casting. As may be seen from 
values given in Fig. 6, the bronze 
deposit had a tensile strength con- 
siderably greater than that of the 
gray iron, and the transverse speci- 
men had a strength equal to that of 
the parent metal. Figure 11 shows 
the transverse specimen, with the 
weld at the right and the fracture 
at the left about 2 in. from the 
edge of the weld. 

From the standpoint of strength, 
bronze welding is one of the best 
methods of repairing gray iron, and 
the chief objection to this method of 
repair is that the color of the weld 





Reading from top to bottom: 


Fig. 7—Oxyacetylene weld 
(right) with cast iron filler 
wire in gray iron test plate. 


xX 100. 


Fig. 8—Junction of bronze 
weld in gray iron. Good braz- 
ing procedure. X25. 


Fig. 9—Junction of bronze 
weld in gray iron. Good braz- 
ing procedure. X 100. 


Fig. 10—Junction of bronze 
weld (right) in gray iron. Im- 
proper tinning procedure. Note 


oxide film at junction. X100. 











does not match that of the parent 
metal. 

Thermit Welding. The thermit 
welding process for gray iron is 
similar to that for steel except that 
a cast iron thermit mixture is used 
for gray iron. The process is used 
for making repairs on many types of 
structures, but is not suitable for 
welding long cracks in thin sections 
or for welding cracks which extend 
only partially through a section. 

However, in the latter case, it may 
be feasible to cut the remaining por- 
tion of the section and make a com- 
plete weld. According to the man- 
ufacturer’s recommendations, the 
process should not be attempted if 
the length of the crack exceeds 
about eight times the thickness of 
the material because tht shrinkage 
of thermit iron is about twice that 
of gray iron. 

Transverse cracks are likely to de- 
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Fig. 11—Fractured transverse ten- 
sion specimen from bronze weld. 


velop when the length of the section 
is too great in proportion to its 
thickness. If the section is compact 
there is practically no limit to the 
size of sections which can be success- 
fully welded. 

Preparation for thermit welding is 
simple. The ends of the broken 
member are machined or otherwise 
cut so as to form a parallel-sided 
gap at the section which is to be 
welded. The width of the gap in- 
creases with the size of the section, 
and tables are available showing the 
proper gap for various cross sec- 
tions. After the preparation is com- 
pleted, the broken pieces are set up 
in alignment with proper allowance 
for shrinkage and a wax pattern is 
made to conform to the desired 
shape of the casting after completion 
of the weld. 

A mold box of suitable size is then 
set in place around the broken mem- 
ber, and this is filled with thermit 
molding material with the various 
gate and riser patterns in their 
proper positions. After the molding 
material has been rammed _ into 
place the patterns are removed. Fig- 
ure 12 shows a typical setup for 
making a thermit weld. 


Preheating Weld Area 

When the mold has been com- 
pleted the ends of the casting next 
to the gap are preheated to a red 
heat with a_ kerosene-air burner 
through the gates provided for that 
purpose. The preheating melts out 
the wax pattern. In the meantime 
the pouring crucible is set in posi- 
tion above the mold and the correct 
amount of thermit mixture is placed 
in the crucible. 

When the preheating is complet- 
ed, the preheating gates are plugged 
and the thermit mixture is ignited 
with a special powder. The time of 
the thermit reaction is independent 
of the amount of thermit metal in 
the crucible, and is about 30 sec. 


As soon as the reaction is com- 
pleted, the crucible is tapped and 
the molten metal flows into the 
space formed by the wax pattern, 
while the slag from the reaction fills 
the slag basin in the mold. The su- 
perheat in the thermit metal is suf- 
ficient to melt some of the iron 
adjacent to the gap, thus insuring 
a bond between the added metal 
and the parent metal of the original 
casting. 

Weld Metal Properties 

The thermit metal is slightly 
harder and tougher than the original 
gray iron, but the joint can be ma- 
chined. Welds made by this process 
have low lock-up stresses and stress- 
relieving is not necessary unless the 
repaired member is a part of a 
frame or rigid structure. 

Thermit welds made on gray iron 
sections suitable for the process have 
shown satisfactory service. records. 
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Figure 13 shows a 
weld in a press fram: — mp 
Burning. Although _ and 
not generally classified o d ss rack 
process, it is one of eee 
methods of repairing ¢ ron con. repall 
ings, and also of add os 
finished castings. Basica t is cui ynuet 
similar to thermit we am ng 
that the molten meta! makir throu 
the burn is obtained f; L cups Pour! 
= short 

Casting Preparation w t 

The casting is prepared by ch; ng, § 
ping or other means and placed time 
position so that the crack or area ; waitil 
be repaired is in a horizontal play to be 
A dam of loam sand is built uU melt 
around the area so as to form , bond 
well with an opening at one end ind | 
provide flow-off for the excess met. takes 
al. If the repair extends through th rt 
full thickness of the casting, refrae. he a 
tory material is built up below th 
opening to act as a retainer for th 
molten metal. 

The area of the casting around 
the repair area is preheated to 
temperature of 400 to 500 F by 
charcoal fire or other convenient 


Fig. 12—Setup for making thermit 
weld. 
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en cast iron of a suitable 
is taken from a cupola 
onto the weld area or 
h a manner as to heat 
in the entire area to be 


done slowly and con- 

1e to two minutes, allow- 
ess metal to run out 
flow-off in the dam. 
then interrupted for a 
perhaps a minute, to al- 
1t to soak into the cast- 
hen resumed for a short 
alternate pouring and 
continued until the area 
sired is heated above the 
temperature and proper 
between the added metal 
etal of the original casting 


tal used for pouring should 
temperature of about 2800 
the pouring should not be 


Cast iron punch press 
haired by thermit welding. 


i. 


oo 


done after the temperature drops 
below 2500 F. Otherwise. too much 
molten metal is required to heat the 
casting to the fusion temperature 
After the pouring is completed, the 
casting is covered to permit slow 
cooling. 


Added Metal Properties 


Physical tests of metal produced 
by burning show that the properties 
of the added metal are practically 
the same as those of cast material 
of the same analysis. The micro- 
structure of the added metal is simi- 
lar to that of gray iron except that 
the added metal has a finer grain 
structure. 

Figure 14 shows junction of burn 
metal at right and parent metal at 
left. If the process is properly car- 
ried out there will be no hard spots 
in the added metal or in the cast- 
ing adjacent to the repair. 

The burning process results in a 
repair which is similar in composi- 
tion to the original casting. There- 
fore, the repair matches the casting 


» 
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in color after machining. Since the 
burning process requires molten met 
al from a cupola, its use is generally 
limited to repairs made in_ the 
foundry 

After completing the repairs with 
any of the foregoing processes, the 
question often arises, “Is stress-re 
lieving necessary?” The answer de- 
pends upon several factors. Struc- 
tures which are welded with the 
“cold” arc welding process to pre- 
vent distortion, such as the turbine 
cylinder discussed, cannot be stress- 
relieved because to do so would 
cause distortion. Rigid 
which are welded with a high local 


structures 


Fig. 14—Junction of “burn” metal 
(right) and gray iron. X100 


preheat and which require high 
strength should be stress-relieved if 
possible. 

If a structure is not rigid and the 
entire heated area can expand and 
contract freely, then stress-relieving 
is not necessary. Many structures re- 
paired in the field cannot be stress- 
relieved; therefore, the metallic aré 
process and a moderate preheat are 
used even though the resulting welds 
do not have a strength equal to that 
of the casting. 

An example of a large cast iron 
structure which was successfully re- 
paired by welding is the four-section, 
252-in. water box shown in Fig. 15. 
While machining the flanges on 
these castings, four cracks were 
found at the outer corners of the 
castings comprising the water box. 


Three 


of the cracks extended 
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through the thickness of the flange, 
and one of these also extended about 
14 in. into the side wall along the 
inlet opening. In the faces of the 


flanges were a number of shrink 
cavities, some being as great as 2 in. 
in depth. 


Method Selected 


It was decided to use bronze weld- 
ing for the cracks in the flanges, 
since this would insure repairs of 
high strength and color match was 
not important. Inasmuch as_ the 
cracks were at the corners of the 
sections the expansion due to high 
preheat could take place without 
causing high stresses in the casting. 
Figure 16 shows the crack which ex- 
tended into the side wall after chip- 
ping for welding. Figure 17 shows 
the outside and Fig. 18 the inside 
of the completed bronze weld. 

The shrink cavities in the flanges 
were welded with the metallic arc, 


using monel electrodes and a low 
preheat. Threaded studs of '%-in. 
diameter for the smaller cavities and 
4-in. diameter for the larger cav- 
ities were used. 

This method was chosen because 
these repairs are not subjected to 
high stresses and, therefore, metallic 
arc welds have sufficient strength. 
Also, the preheat required for the 
other welding processes would have 
produced high stresses in the side 
wall. Figure 19 shows one of the 
cavities after chipping and studding. 


Stress Relief After Repairs 

The sections were stress-relieved 
after all the repairs had been com- 
pleted. No difficulty was encountered 
in machining these sections and no 
trouble has developed in service. 

Use of welding to repair these 
castings was of prime importance in 
several respects. Without welding it 
would have been necessary to re- 
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Fig. 16—Crack ir 
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Fig. 17- Bronze r ha 
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Fig. 18—Bronze weld s/ 

Fig. 17 viewed from ; 

water box. Inlet opening 
pears at right of repair 


Fig. 19—Cavity in water box 
flange chipped and studded {or 


metallic ari welding 
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place three of the sections at con- 
siderable expense. More significant 
however, is the fact that the replace - 
ment would have tied up foundry 
facilities needed for war production 
and delayed the installation of 
equipment which was urgently 
needed 
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DISCUSSION 


Chairman: E. C. Jeter, Ford Motor 
Co., Dearborn, Mich 

Co-Chairman: Joun Crowe, Air Re- 
duction Sales Co., New York 

Co-CHAIRMAN Crowe: How do you 
clean out the castings for welding? In 
general, what preparations are made for 
welding? 

L. J. Larson’: In preparation of 
castings for welding we generally remove 
the metal by chipping. It is possible to 
remove most of the metal by “burning 
out” with a metallic arc. In some cases 
the groove may be burned out with a 
metallic arc and then chipped to finish 
the preparation. In view of the value 
of the casting we generally consider the 
extra time required for chipping is well 
worth while in order to obtain the best 
preparation for welding. 

Co-CHaIRMAN Crowe: Do you know 
whether anyone is removing the defects 
with the oxygen jet? If not, why not? 
Is that not a practical means of remov- 
ing defects? 

Mr. Larson: It is my understanding 
that oxygen cutting and gouging do not 
work successfully on cast iron because 
cast iron is not readily oxidized. 

CHAIRMAN JeTER: Discussing welding 
of castings in a general way, there has 
been much misunderstanding between 
the foundries and the consumers about 
welding. As a result, some of the foun- 
dries perhaps tried to hide whatever re- 
pairs they might make to castings. It 
would have been better to bring it out 
in the open and show what was being 
done. 

The A.F.A. is trying now to publish 
the facts about welding of castings so 
that foundries and consumers know what 
is being done and understand each other. 
The S. A. E. War Engineering Board, to- 
gether with the Ordnance Department, 
have accomplished a great deal in this 
direction, but it is up to the A.F.A. to 
carry on and make available to every 
foundry and consumer information as to 
correct procedure for welding and repair- 
ing of castings. 


‘Allis-Chalmers Manufacturing Co., West Allis, 
5. 
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BEHAVIOR OF MOLDING MATERIAS 
IN "OWN ATMOSPHERE" 
AT ELEVATED TEMPERATURES 
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Respectively 
Harry W. Dietert Co. 
Detroit 


A PRACTICAL CLASSIFICATION 
of gas activity may be made by 
recognizing that gas may be oxidiz- 
ing, neutral, and reducing. 

Each type of gas may materially 
influence the functioning of a mold 
or core surface during the pouring, 
solidifying, and cooling stages of a 
casting, since the gas may influence 
the hot strength, retained strength, 
refractoriness and rate of collapsi- 
bility of the mold surface. 

In the beginning of the investiga- 
tion, elevated temperature properties 
of sand and core specimens were 
studied with the three mentioned 
types of gases. However, it was soon 
realized that such atmosphere tests 
could be far removed from the exact 
gas in which the sand or core was 
performing its work in a mold. A 
mold contains a great variety of dif- 
ferent gases in varying concentra- 
tions; it is thus an endless task to 
endeavor to subject the test speci- 
men to the proper mixture of gases 
by adding the gases to the test 
furnace. 

Assuming that the quantity of 
gases given off by the metal in the 
mold is small, the authors concerned 
themselves with gases given off by 
the molding materials. Under these 
conditions, the gas present then 
comes mainly from the various in- 
eredients of the mold surface; and 
thus the sand surrounds itself with 


Presented at a Sand Research Session 
of the Fiftieth Annual Meeting of the 
American Foundrymen’s Association at 
Cleveland, May 8, 1946. 


its own gases, which the authors have 
termed “own atmosphere.” 

In a mold the gases generated by 
the ingredients of the mold surface 
layer are held within the mold cav- 
ity, along the metal-mold interface 
and also in backing sand. A goodly 
portion of the gases escape but, as 
more gases are generated continu- 
ously, the gas composition changes. 
During the pouring operation, the 
gases are diluted with air that is 
within the mold cavity and sand 
pores. As the oxygen of the air is 
quickly consumed, the gases formed 
by the mold material become the 
major constituents of the mold 
atmosphere. 

In order to reproduce the mold- 
like conditions in a dilatometer fur- 
nace as nearly as possible, the test 





. Developments in foundry art 
have revealed that molding 
materials at the surfaces of a 
mold or core will behave differ- 
ently in different sections of a 
mold or in different molds where 
identically prepared sand and 
molding methods are used. This 
different behavior of mold or 
core surface cannot always be 
ascribed to difference in compo- 
sition or physical properties of 
the material nor in their me- 
chanical placement, but in a 
possible mold surface failure 
due to a peculiar gas atmos- 
phere. The gases that surround 
the mold face, while it acts as a 
container for molten metal and 
while the metal is solidifying 
and cooling, will determine to a 
large extent whether or not the 
cast surface is of the desired 


quality. 





specimen of sand or core js | 
within a metal or ceramic | 
Three types of hoods used are met; 
quartz and ceramic post hood. T) 
are illustrated in Fig. | 

A metal hood made of carbo, 
free nickel works well for temper. 
tures below 2000° F.. 
hot strength, retained strengt! 
collapsibility tests. For temperature 
above 2000° F., a platinum hood js 
required. Since the life of a plat 
num hood may not exceed 50 test 
under a reducing atmosphere as ¢ 
erated by many sands, this is 
pensive. The actual cost of a plat 
num hood is $100. 

For retained strength tests wher 
no load is placed on the test sp 
men at elevated temperatur 
quartz hood suspended in the dila- 
tometer furnace proved satisfactor 


and als 


A ceramic hood formed by a spe- 
cial top post of the dilatometer \ 
undoubtedly be perfected, so that it 
will be economical and easy to us 

When a sand or core specimen i 
placed within a hood, some air sur 
rounds the sand as it does in a mold 
The confinement of the hood trap: 
the gases from the test specimens 
Excess gases may escape from bot- 
tom of hood. Thus, each sand mis 
ture tested is allowed to create it 
own atmosphere as it does in a mold 

All core and molding sands wer 
prepared in accordance with A.F.A 
specifications. For elevated temper 
ture testing, a test specimen of |) 
in. diameter and 2-in. length wa 
used. This specimen we rammed 
with three drops of a 7-!b. raramer 
weight falling 254 in. in a floating 


specimen tube producing suble-end 

ramming. 
A high temperature ting fur- 
le diam- 


nace employing a 2-in. | 
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N TOP TOP POST qui kly at high temperatures should 
i” . HOOD it derive a substantial portion of its 
Sail a = strength from combustible binders 
ME QUARTZ |!) 9] eK: A l nder identical conditions, however, 
n HOOD | --. a far ie with a hood over the core specimen, 
ie : a tpt sed the core will show a much slower 
SPEC Boe 4) SPECIMEN Hota rate of collapsibility 
— Ree ‘3 ioe As an example, Table 1 shows 
laced — that core collapsed in 43.7 sec. in 
| r an oxidizing atmosphere, and in 121 
ee 3 Scere ane 
Post, ort _ a! | —Fost Che test data of core collapsibility 
| i! under own atmosphere correlates 
~ r pe well with foundry experience 
pet <7 Own atmosphere of most cores 
d. Ty = > y forin a protective shield at elevated 
temperatures and avoids a too early 
— collapse of the surface of the core. 
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xf un atmosphere around 
gu specimen under test; 
I ¥ 750 
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element furnace was 600 
ll high temperature testing. 
whi Collapsibility. A core which $50} 
substantial portion of its 
ngth from a binder that will oxi- 500 
, t elevated temperatures in the 3 
of oxygen will lose its é 450 
as sth so rapidly in an oxidizing S 
er sphere that one would conclude S 400 
that etal could be cast against - 
0 f a 
ne old, as soon as heat from ’ 
Ir metal strikes the core, volatile z 
mi will be freed from the core, 3 
tra 1 these will consume the available » 
mer ygen. After the initial oxygen is 5 
be d, the core surrounds itself - 
n ith wn atmosphere which re- 2 
te the rapid oxidation, allowing 
mold he core to slowly disintegrate. 
wer When a core specimen is placed 
F.A 
per Table 1 
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in a dilatometer furnace without a 
hood the atmosphere is oxidizing, 


and the core specimen will collapse 





































































12-min. soaking. 
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Table 2 


Errect oF ATMOSPHERE ON Core Hor STRENGTH 


612 
(2500° F. 
Core —— Hot Strength, psi. —— 
Mixture Own Oxidizing 
No. Atmosphere Atmosphere 
1 3 0 
2 5 4 
3 7.8 9 
4 250 9 
5 55 3 


Core Hot Strength. A reasonably 
relation exists between core 
collapsibility and hot strength. In 
the core collapsibility test, the speci- 
men is preloaded with a predeter- 
mined load. For example, an 85- 
psi. load is applied and the time in 
minutes that the specimen is able to 
support chosen elevated 
temperature is recorded; for exam- 
ple, 1500° F. 

In the hot strength test, the speci- 
men is first allowed to remain (soak ) 
in an elevated temperature zone; for 
example, 12 min. at 2500° F., and 
then crushed. The load in psi. is 
recorded as the hot strength. 

Many of the oil, resin or cereal 
bonded cores will disintegrate before 
termination of the 12-min. soaking 
period when the atmosphere is oxi- 
dizing. The hot strength under such 
conditions would be recorded as 
zero. 


close 


at some 


All cores possess a hot strength 
when they are heated in their own 
atmosphere; for example, when a 
hood is employed to reproduce mold 
conditions. 

Test data which the authors se- 
cured on core mixtures, as used by 
the A.F.A. Subcommittee on Physi- 
cal Properties of Iron Molding Ma- 
terials at Elevated Temperatures, are 
good examples to show the effect of 
oxidizing atmosphere as compared 
to own atmosphere on hot strength 
of cores. Test data are tabulated in 
Table 2. It may be noted that the 
hot strength at 2500° F. in own at- 
mosphere is much greater than that 
in oxidizing atmosphere in all cases 
except one. For example, core mix- 
ture No. 4 possesses 250 psi. hot 


12 min.) 
Binders ——— 
Type Per Cent 
Core Oil 1.0 
Oil 1.2 
Cereal 0.5 
Oil 1.5 
Bentonite 0.5 
Cereal 1.0 
Resin 3.0 
Cereal 0.5 
Pitch 2.0 
nee Cand Mixture— 
Component 


No. 17 Ottawa, W. 


Western Bentonite 
Moisture...... 


No. 17 Ottawa, W. & 


Western Bentonite 
Cereal 
Moisture....... 


No. 17 Ottawa, W. &. 


Western Bentonite 
"ee 
Moisture...... 


No. 17 Ottawa, W. & 
Western Bentonite. 


Silica Flour 
Moisture............ 


No. 17 Ottawa, W. 


Western Bentonite. 


Silica Flour............ 
Moisture................ 


No. 17 Ottawa, W. & 
Western Bentonite. 


EEE Pele ss aN 
Silica Flour............ 
Moisture............ 


No. 17 Ottawa, W. & 


Western Bentonite 
0 EE ee 
Silica Flour............ 


Moisture.............. ; 


No. 17 Ottawa, W. & 
Western Bentonite................ 


ED 
Moisture................ 


No. 17 Ottawa, W. & 


Western Bentonite. 


No. 0 Albany Sand 
| eee 


Type 


Lake Sand 
Lake Sand 
Bank Sand 
Lake Sand 
Silica Flour 


Lake Sand 
Heap Sand 


New Sand 
Heap Sand 


Hor StrenctH oF Mo .pinc SAnps 
— 2000°F. 12 Min. —— 
Oxidizing 
Per Cent Atmosphere Atmosphere Atmosphere Atm 


&. D. 
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Table : 


SAND FINENES 





Mesh 
Sand No. 
Per Cent 6 
99.0 a” 
9 
70.0 ~ 
28.3 pen 
° 40. 
87.0 50 
10.0 70....... 
100.. 
140 
5. 
a : 200 ; 
270.... 
49.0 Pan 
49.0 Fineness No. 
Table 4 


96.0 
4.0 
2.0 


95.25 
4.0 
0.75 
2.6 


84.0 
4.0 
2.0 
2.6 


86.0 
4.0 

10.0 
3.75 


76.0 
4.0 
20.0 
5.0 


84.0 
4.0 
2.0 

10.0 
4.6 


74.0 
4.0 
2.0 

20.0 
5.5 


91.0 
4.0 
5.0 
2.5 


94.5 
4.0 


164 


94 


101 


488 


255 


382 


191 


211 


Own 


175 


72 


696 


45 


118 


69 


38 


243 


(No. 17 Ottawa, was! 


—— 2500°F. 12 Min. — 
Oxidizing 


7.0 


4.6 


10.5 


66 
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Effect of oxidixung and own atmosphere on hot strengths at 2500° F., 


12-min. soaking. 


it 2500° F. in own atmos- 
compared with 9 psi. in 
atmosphere. The bond of 
+ core mixture is 3.0 per 
in and 0.5 per cent cereal 
corn). 
portant fact to note is that 
ase of core mixture No. 3 
strength in reducing atmos- 
/.8 psi., and in an oxidizing 
re, 9.0 psi. This higher hot 
it 2500° F. in oxidizing 
re could be caused by the 
{ silica flour, which pos- 
iter strength in oxidizing 
ength of Molding Sands. 
rity of the hot strength 
olding sands for this in- 
were made on bentonite 
nd, using 4 per cent of 
entonite and a No. 17 
ished and dried sand of 
s shown in Table 3. This 


synthetic sand was prepared with 
0.75 per cent and 2.0 per cent cereal 
binder. Other contained 
10 per cent and 20 per cent silica 
flour with and without cereal bind- 
er. This sand was also prepared with 
5 per cent sea coal and | per cent 
pitch. 

Only one natural sand (No. 0 
Albany) was used in this study. The 
test results are tabulated in, Table 4 
for 2000 and 2500° F. using a 12- 
min. soaking period. A platinum 
hood was used to obtain own atmos- 


mixtures 


phere. 

A graphical presentation of this 
data is shown in Fig. 2. A compari- 
son of hot strength at 2000 and 
2500° F. shows that the effect of 
atmosphere is of greater magnitude 
at 2000 than at 2500° F. 

Referring to Fig. 2 and Table 4, 
note that the hot strength at 2000” 
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ippre iably 


F. in own atmosphere i 


/ 


lower than in oxidizing atmospher 


when cereal binder, silica flour, or 
pitch is present, while it is greater 
when sea coal is present At a test 
temperature of 2000° F., the ow: 
atmosphere within the test specimet 
undoubtedly is reducing and the in- 
terior remains unsintered 

Silica sand bonded with wester 
natural bonded 


high r hot 


bentonite and the 
Albany 
strength in own atmosphere than in 
both 2000 


These Sa ids bonded 


sand showed a 
oxidizing atmosphere at 
and 2500° F 
substance prefer their own 
When s« 
such as cereal, silica flour, and pitch 


by ( lay 


atmosphere ondary bonds 


are present in appreciable percent 
ages, they do not preter their own 
atmosphere at 2000° F. 

Sand containing pitch is quite soft 
in own atmosphere at 2000” F., while 


sand containing sea coal is firm, 


showing a greater hot strength in 
own atmosphere. When the test tem- 
F., the dif- 


found between hot strength 


perature is raised to 2500 
ference 
reducing atmos- 


Table 4 and 


in oxidizing and 
phere is interesting 
Fig. 3 

When the molding sand is bonded 
principally with western bentonite, 
pitch, sea coal, nominal percentages 
of cereal or silica flour, then the hot 
strength at 2500° F. in own atmos- 
phere is greater than in oxidizing 
atmosphere ; but, as the additions are 
increased abnormally, e.g.. cereal to 
2.0 per cent or silica flour to 20 per 
cent, then the hot strength at 2500 
F. reduces in its own atmosphere. 

This reduction in own atmosphere 
in the case of high silica flour addi- 
tion does not appreciably reduce the 
over-all great increase in hot strength 
In th 
case of cereal binder, an abnormally 
might detri- 


due to silica flour addition. 


high addition prove 
mental. 

Value of the sea coal addition a 
a means of improving the toughne: 
of a mold face is well demonstrated 
by the large increase in hot strength 
in own atmosphere. 

Referring to Table 4, it may be 
noted that the addition of 2 per cent 
cereal binder to a sand containing 
either 10 or 20 per cent silica flour 
increases the hot strength at 2500 
F. for oxidizing or own atmosphere. 
At 2000° F. the hot strength is de- 
creased when cereal is added 


More research work must be donc 
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before one can draw a complete set 
of conclusions on the effect of at- 
mosphere on the behavior of mold- 
ing materials at elevated tempera- 
tures. 

From the test data at hand, the 
following effects have been indicated. 
Conclusions are grouped separately 
for molding sand and cores. 

Molding Sand. For western ben- 
tonite bonded sands, and also natu- 
ral Albany sand, the hot strengths 
were found to be higher in own 
atmosphere than in oxidizing atmos- 
phere. The same holds true for 
sands where 0.75 per cent cereal 
binder was added. 

The addition of cereal binder in 
high percentage, e.g., 2.0 per cent 
to a molding sand causes the hot 
strength at 2000 and 2500° F. to be 
lower in own atmosphere than in 
oxidizing atmosphere. 

An addition of 20 per cent silica 
flour caused the hot strength at 2000 
and 2500° F. to be lower in own 
atmosphere than in oxidizing atmos- 
phere. A 10 per cent addition 
showed an increase in hot strength 
at 2500° F. in own atmosphere. 

An addition consisting of a com- 
bination of silica flour and cereal 
binder causes the hot strength of the 
sand to be higher in its own atmos- 
phere than in oxidizing atmosphere 
at 2500° F. 

Sea coal in molding sand causes 
the hot strength to be materially 
higher in own atmosphere than in 
oxidizing atmosphere, which corre- 
lates well with foundry experience. 

Pitch in molding sand will show a 
higher hot strength at 2500° F. in 
own atmosphere than in oxidizing 
atmosphere, and a lower hot strength 
at 2000° F. acting as a cushioning 
agent for the mold face. 

Molding sands, with or without 
normal secondary binder addition in 
conservative amounts, generally pre- 
fer their own atmosphere for ele- 
vated temperatures such as 2500° F. 


Core Sand. The hot strength of 
cores bonded with combustible bind- 
ers, such as oil, is increased by own 
atmosphere and reduced by oxidiz- 
ing atmosphere. 

Addition of silica flour to a core 
mixture seems to cause the hot 
strength to be lower in own atmos- 
phere than in oxidizing atmosphere. 
The difference is of no great prac- 
tical value, since silica flour addi- 


tions step up the hot strength so 
greatly. 

Addition of pitch to a core mix- 
ture causes the hot strength at 2500 
F. to be much higher in own at- 
mosphere than in oxidizing atmos- 
phere. 

Own atmosphere is recommended 
when making the retained strength 
test to evaluate core binders for ease 
of knockout. 

Further research on the subject 
of gas activity control will undoubt- 
edly help to a better understanding 
of the behavior of molding material 
at elevated temperatures in molds 
and to uncover some practical appli- 
cations of mold atmosphere control. 


DISCUSSION 

Chairman: B. H. Bootu, Carpenter 
Bros., Inc., Milwaukee, Wis. 

Co-Chairman: R. E, Morey, Naval 
Research Laboratory, Washington, D. C. 

Dr. H. Ries: How many tests do those 
figures represent on the average? 

Mr. Dietert: The data shown on our 
tables was the average of at least 25 
readings. We tested at least five different 
mixtures, taking five test readings per 
mixture. On some of the test data shown 
we have more than five mixtures tested 
at different times over a longer period of 
time. 

Dr. Ries: Did you get much varia- 
tion? 

Mr. Dietert: Yes, we did obtain 
variations. Some of these variations were 
due to different operators. We found that 
the mixing of the sand was quite critical. 
It had to be done precisely, and the 
moisture content in the sand had to be 
held very closely before you could dupli- 
cate results. We were very conscious of 
the fact that the green sand properties 
had to be duplicated and the prepara- 
tion of the sand had to be done carefully 
and accurately. We could do a nice job 
of reproducing our results, provided the 
platinum hood did not have a leak in it. 
Just a little pinhole would throw us off. 

Dr. Ries: I noticed some of the test 
figures for hot strength were close to- 
gether, and I wondered if the different 
tests might overlap. One of the difficul- 
ties with the dilatometer is reproducibility 
of results, and until this matter is satis- 
factorily settled, we must be careful what 
interpretations we make. 

Mr. Dietert: There might have been 
some overlapping over the earlier tests 
that we made. On recent tests we found 
that taking the average results secured 
by several different operators’ work, the 
same trend was exhibited. 

Dr. Ries: You will not get that much 
difference in specimens. 

Mr. Dietert: Yes, I believe you can 
if you would consider the many variables 
that may creep in due to mixing of the 
sand and in ramming the specimen. 


Mr. BrewstTerR’®: Would you care to 
elaborate on some of the more glaring 
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mistakes that can be 
sand? 

Mr. DietTerTt: Yes. 
One of the greatest 
in test work is that w we di 
sufficient amount of sa: Hien, we 
investigation. We may ; 
of sand in two sacks. \ ' 
the sand in the two sa s the « 
because both have the trades gh 1: 
and come from the san + oe , 
do not mix the two sa; Nai 
the first sack of sand an n tea 
second one. The sand t ‘aa rs, L. é 
same fineness number, | that nd 
very little. Just a slight differenc; ; 
sieve size or a difference in the grain - 
tribution will account for difference 
test results. 

After using up those two sack 
order more. The new sand a pe It wa: 
different. We then have test data wh Mr 
we are unable to use because we can, 
duplicate the sand used for previous teys 
Therefore the fineness of sand is of fru gu 
importance. Make certain that you | 
a sufficient quantity of identical s 
complete the entire testing project 

The same thing is true of the type of 
bond used. We may decide on bentoni: 
We may keep it in a 2-qt. jar or in q 
gallon container. The container is |ef when 
open. The clay absorbs moisture. W; " 
the same weight of bentonite but do nw 
get the same amount of bentonite in th: 
sand mixture due to variation in moistuy 
content. Soon the 2 qt. of bentonite 
used up and we have to get more fron 
another source. The new bentonite w 
probably have different bonding chara 
teristics. 

The amount of sand and bond used ir 
each batch must be exactly the sam ae 
We use dummy batches to get the mixing 
unit conditioned. The adjustments of t! , 
mulling wheels and the rapidity wit! Mi 
which one dumps the mixture are it ip 
portant. If one just dumps the mix and tarde 
lets the mixer run on a little layer of D 
sand in the bottom of the pan this | 
of sand will have more mixing and w 
be different from the original batch 

Following all A.F.A. test proc edures of 
mixing and timing the batch is impor 
tant. It makes a difference if the n 
is not kept closed. Wait 2 min 
stopping muller with a dry mix befor 
removing the muller cover 


Mr 


A bentonite mix or even a fir 
mix must be weighed accurately in th 
preparation of small batches. Condition 
of prepared sand storage, such as ten 
perature, makes a difference. We have 
experienced water migration in the san¢, 
also condensation of the water 0 
surfaces of the container. [hese caus 
errors in test results. 

The water will migrate differently " 
sand that is packed tightly as compare 
to a sand that is packed loosely. Wheth 
the sand was riddled before placing " 
container and whether it was riddled 
fore we used it again makes a differen 
Frequently before sand is removed from 
the container, it has been handled 2 
and is jolted down. The sand on the bot- 
tom is packed together. Although 1t ™ 
weigh 200 grams on the ne 


lance, @ 
lumps when put into the imen cot 
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a non-uniform specimen 
of preparing the ram 
big one, but no greater 
lem of ramming in the 
foundry the sand is 
into the flask from one 
d is permitted to pile up, 
of the flask. The sand 
d first or which is piled 
harder and uniform mold 
obtained. The same thing 
ning the A.F.A. 2-in. and 
ecimen 
1 A | “ANn*: When testing Albany 
own atmosphere, do you 
iracteristic spalling action 
vhen these sands are tested 
yxidizing atmosphere ? 
[ et: I did not notice that 
yuld not see the specimen 
ith the hood 
Me. BaremAN: Our own observations 
g re made in an open atmos- 
H ver, we did use the follow- 
f testing specimens in their 
re. A porous alumina ex- 
was cut off to a length of 
cup was used to cover the 
iring the dilatometric test 
‘In an open atmosphere, Albany sands 
during the 2-min. test period 
\ ip is placed over the speci- 
wing the specimen to form its 
tmosphere, spalling is completely 
ied. We are at a loss to interpret 
with plant practice. 
rd to spalling, we might add 
having recently finished testing 19 
liferent natural molding sands, we have 
it all Albany sands, in fact all 


New York and Ohio sands, exhibit a 


stic spalling during the 2-min 


RMAN BootH: Do you mean in 


oxidizing atmosphere ? 
Mr. Bateman: Yes, with the porous 
the specimen, spalling is re- 
1 to practically nothing. 
D. C. Witttams*: I would like to ask 


Mr. Bateman where is the controlling 
thermocouple on the 2-min. test? 

Mr. Bateman: It is outside the cup 
I might add that we do extend the time 
of that test to 5 min. rather than 2? min 
In other words, we use the color of the 
sand as a guide to temperature. We ran 
sO many tests on Albany sands that we 
feel we can determine temperature visu- 
ally by the color of the specimen 

Mr. WiLiiamMs: What is the material 
the cup is made of? 

Mr. BateMAN: Aluminum oxide. Ws 
tried to measure the permeability and it 
can be measured on the machine. It runs 
from 40 to 50 for various cups, which 
is somewhat the permeability of our 
Albany sand 

H. E. Henperson®: Have you found 
that any particular clay or combinations 
of clays in your test seem to aggravate 
the spalling condition? 

Mr. Dietert: I do not believe that 
I can name one. Sands which contain 
very low percentages of clay substance 
by volume, generally have a tendency to 
spall more than sands containing a larger 
volume of clay, because clay acts as a 
cushion medium, retards flowability, al- 
lows more void spaces between the sand 
grains and clay, and also has a tendency 
to decrease in volume when heated, while 
silica sand grains grow in size upon heat- 
ing, thus the clay would somewhat mini- 
mize the over-all growth of the sand 
specimen. 

I think that clay volume probably has 
more effect on spalling than the specific 
type of clay. You do have certain clays 
that may have more flowability than 
others, and if that is the case the sand 
with the higher flowability would spall 
more than the one with the lower flow- 
ability. Clays with high organic substance 
content may show less spalling due to 
combustion of the organic materials 

Mr. HeENpeRSON: That corroborates 
my experience. 
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W. A. Sprnpier*: Would the density 
be lower on a specimen with higher clay 


content? 

Mr. Dretrert: I do not know exactly. 
I cannot recall figures to answer that 

A. E. Murton’: Our experience is 
that the more of certain clays you add, 
the less the density is. The flowability 
decreases 

Referring to that cup, would there be 
a severe shock applied to the specimen? 
If you could not put the cup over it 
and raise it into the furnace rapidly 
enough, it is not going to have the severe 
shock and to make it spall 

Mr. Bateman: We preheat our cup 
in the furnace 15 min. before test. While 
the dilatometer furnace is brought down 
one operator places the test specimen on 
the post while the other raises and 
quickly drops the cup over the specimen 
We have noticed no cracking 

Mer. Drerert (authors’ closure): In 
the research tests discussed in this paper 
we placed the furnace temperature con- 
trolling thermocouple inside the hood 
which surrounded the sand specimen 
Thus the temperatures shown are actual 
temperatures at the outer surface of the 
sand specimen 

It is a known fact that temperature 
rises more slowly within a specimen when 
a reducing atmosphere is present than 
when an oxidizing atmosphere is present 
When a hood surrounds a sand specimen 
and reducing gas is generated by the 
sand it is true that the sand specimen 
receives less shock under like tempera- 
ture, therefore less spalling may be ex- 
pected. In a mold the sand may be com- 
pounded to generate a reducing gas 
which would reduce or eliminate spall- 


ing 
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CRUCIBLE FURNACE MELTING 
COMBUSTION FACTORS 





Arthur C. Schmid 
Joseph Dixon Crucible Co. 
Jersey City, N. J. 


ALL METALS AND ALLOYS in 
the molten state have an affinity for 
certain gases, some metals more so 
than others. Absorption of gas may 
take place during melting, particu- 
larly if the metal comes into direct 
contact with the products of com- 
bustion in the melting furnace. It 
may also occur at any point where 
moisture comes into direct contact 
with the molten metal, such as mois- 
ture entrapped in the ingots or 
charging metal, in the air on a par- 
ticularly humid day, or in a green 
sand mold. 

When moisture comes into con- 
tact with molten metal a disassocia- 
tion, or breakdown, of the moisture 
(H.O) occurs, and the metal dis- 
solving the hydrogen (H,)_ thus 
liberated. The amount of pickup de- 
pends to a large extent on the type 
of metal and the temperatures in- 
volved. The affinity for gas increases 
as the temperature of the metal in- 
creases. 

Another important source of gas 
is that originating from improperly 
vented cores. Organic core binders 
break down and liberate combustible 
gases, as evidenced by the fact that 
these gases ignite and burn at the 
core vents when the molten metal 
comes into contact with the cores. 
Quite frequently a casting made 

Presented at a Brass and Bronze Ses- 
sion of the Fiftieth Annual Mecting, 


American Foundrymen’s Association, at 
Cleveland, May 8, 1946. 


in a mold containing numerous cores 
will show pinhole porosity, whereas 
one made from the same melt in a 
mold without cores shows no po- 
rosity. 

Improper combustion during the 
melting, particularly as it relates to 
the melting of non-ferrous metals in 
gas- or oil-fired crucible furnaces of 
the stationary or tilting type, is un- 
questionably one of the most serious 
contributors to the “gassing” of met- 
al. Therefore, too much emphasis 
cannot be placed on the importance 
of properly proportioning fuel (gas 
and oil) and air in order to obtain 
not only maximum furnace efficiency 
but quality castings as well. 


Air:Fuel Ratio 

In the typical crucible furnace for 
the melting of brass and bronze, the 
crucible sets on a pedestal, the flame 
from a tangential burner swirls 
around the crucible, and the prod- 
ucts of combustion vent through the 
furnace cover hole. The metal and 
crucible are entirely surrounded by 
the flame and the gases, making it 
apparent that a proper air: fuel ra- 
tio setting of the burner is impor- 
tant in order that omplete combus- 
tion take place in the furnace. If 
combustion is complete no reducing 





* Maintaining a proper 
fuel to air ratio and 
combustion rate in crucible 
melting is an important 
factor in eliminating condi- 
tions which may contribute 
to the "gassing" of metal 
and consequent scrap losses 
due to pinhole porosity. 











gases will be present, particularly }] 
(hydrogen) and CO (carbon mop. 
oxide), to be dissolved by the met, 
From the standpoint of crucible |i 
and metal quality, the best bure; 
ratio setting is one producing a ney. 
tral atmosphere inside the furnac; 

Combustion processes are classified 
into three categories, the first , 
which is a condition where an insuf. 
ficient quantity of air is used to bur 
the fuel, resulting in products of 
combustion containing no O, (oyy- 
gen), but containing the reducing 
gases H, and CO. This is referred to 
as incomplete combustion (reducing 
atmosphere), and is mainly respon- 
sible for the “gassing” of metals du 
particularly, to H, pickup 

The second condition is wher 
just enough air is used to burn tly 
fuel completely, without excess, re- 
sulting in products of combustion 
containing practically no O, or H 
This represents perfect combustio! 
or a neutral atmosphere. The third 
condition is where an excess of aif 
is used to burn the fuel, producing 
flue products that are oxidizing 
containing O, with an absence of 
CO and H;. This is referred to a 
an oxidizing atmosphere, a condi- 
tion not conducive to long crucibl 
life due to oxidation of the crucible 


Manufactured gas (city gas) * 
quite widely used as a cru‘ ible fur- 
nace fuel, but varies considerabl in 
analysis depending on location an¢ 
method of manufacture. However. 
for any given locality the analysis 's 
fairly constant. Curve “A” Fig. ! 
is typical of a manufactured gas and 
illustrates the variation flue gas 
constituents as the qua: of aif 
used for combustion is ch ged. For 
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Curve A) Ratio of constit- 
‘ue gas of manufactured 
ed crucible furnace. 


xample, if 20 per cent less air is 
sed than is required to complete 
ombustion, an analysis of the prod- 
cts of combustion would show ap- 
proximately 5 per cent CO, 6 per 
ent H, and 9 per cent CO, with no 
0,, and is definitely reducing. This 
is not considered good melting prac- 
tice from the standpoint of combus- 
tion efficiency or gas pickup by the 
metal. On the other hand, if 20 per 
ent excess air is used to burn the 
gas the products of combustion will 
show approximately 34 per cent O, 
and 10 per cent CO,, with no CO 


ind H,, definitely oxidizing. 


Neutral Flame 

This, likewise, is not considered 
good melting practice, resulting in 
excessive oxidation of the metal, fuel 
waste and oxidation of the crucible. 
rherefore, a neutral flame, the closest 
practical approach to perfect com- 
bustion, is the only alternative re- 
maining in an effort to keep the Oz, 
CO and H, in the flue gas to a mini- 
mum. This is the midway point be- 
tween a reducing flame and an 
xidizing flame. 


Curve “B” (Fig. 2) illustrates the 
ratio of the constituents in the flue 
gas of an oil-fired crucible furnace 
and is based on a No. 2 furnace oil 
with a C to Hy, ratio of 85 to 15. 
This follows exactly the same pat- 
tern as the manufactured gas curve 
but, inasmuch as two widely dif- 
‘erent fuel analyses are involved, the 
relationship between air supplied for 
combustion and flue products will be 
different in each case. What is com- 
mon to both, however, is that a de- 
ficiency of air for combustion will 
result in incomplete combustion, pro- 
ducing a reducing atmosphere, 
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whereas an excess of air for combus- 
tion will result in complete com- 
bustion, or an oxidizing atmosphere. 

Maintaining a correct fuel to air 
ratio in the combustion of oil or gas 
is important, but this should be cou- 
pled with a proper combustion rate. 
Rate of combustion is the amount of 
fuel burned in a given period of 
time. In starting a cold crucible melt- 
ing furnace, the rate of combustion 
may be the same from the time the 
furnace is started until the crucible 
is pulled, although the efficiency of 
combustion may vary somewhat un- 
til the furnace reaches temperature. 

Curves “A” and “B” (Figs. 1 and 2) 
are based on a furnace operation at 
near maximum temperature. Com- 
bustion rate is largely a matter of 
furnace size and design commensu- 
rate with what is established as a 
normal melting time for the size of 
crucible the furnace has been de- 
signed to accommodate. Burner size 
and capacity are also important fac- 
tors in determining the combustion 
rate of a furnace of any particular 
size. These factors usually are deter- 
mined and established by the furnace 
manufacturer. 

At the present time combustion 
control normally is left in the hands 
of the crucible furnace melter, who 
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attempts to judge the proper fuel 
and air setting by visual analysis of 
the color of the flame exhausting 
through the cover hole of the fur- 
nace. At best this is a haphazard 
method, although melters, 
with sufficient experience, become 
fairly proficient in their interpreta- 
tion of flame color in terms of com- 


some 


bustion efficiency. The author, hav- 
ing chemically analyzed the prod- 
ucts of combustion from many cru- 
cible furnaces in order to check 
combustion, has found more often 
than not that flame color yields an 
erroneous answer. 

The oxidation, or non-oxidation, 
of a piece of bright copper or zinc 
inserted through the cover hole of 
the crucible furnace may give a 
rough idea as to whether the furnace 
atmosphere is reducing or oxidizing, 
but it is doubtful if this method can 
be used to set the fuel and air ratio 
so as to obtain a critically neutral 
atmosphere. 


Gas Analyzers 

For the analysis of vent gases to 
determine the efficiency of combus- 
tion various types of gas analyzers are 
available, from the relatively sim- 
ple type of portable instrument for 
obtaining periodic readings, to the 
permanently installed continuous au- 
tomatic indicating and recording 
type of analyzer. The principle of 
operation may be electrical, mechan- 
ical, or chemical. For general found- 
ry checking, probably the compara- 
tively inexpensive, easy to operate, 
portable type of analyzer is most 
practical. A fast operating portable 
electrical analyzer has been devel- 


Fig. 2—(Curve B) Ratio of constit- 
uents in flue gas of oil-fired crucible 
furnace. 
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oped which will quickly indicate 
whether the furnace atmosphere is 
reducing or oxidizing, but the read- 
ings from this type of instrument 
must be properly interpreted. It is 
questionable whether the continuous 
automatic recorder or indicator is a 
practical investment for the average 
non-ferrous foundry. 


Exhaust Gas Analysis 
High initial cost and difficulty 


of maintenance, particularly the gas 
sampling tube in the furnace, make 
the use of this equipment impracti- 
cal. However, for laboratory and 
development work to determine com- 
bustion characteristics of a furnace 
this continuous automatic analysis 
equipment undoubtedly is of value. 

Probably the most accurate meth- 
od of analysis of the exhaust gases, 
and the most practical, is the deter- 
mination of CO,, CO, and O,, by 
volume, by the chemical Orsat meth- 
od. This involves the chemical ab- 
sorption of each gas, samples being 
obtained through the furnace cover 
hole with a quartz or silica sampling 
tube. When making an analysis, it is 
important that an O, reading sup- 
plement the CO, reading, as a CO, 
reading alone may be misleading. 


CrucipLE FurNACE MELTING Compt 


For example, referring to curve “B” 
(Fig. 2), a CO, reading of 12 per 
cent could be interpreted as 20 per 
cent excess air (oxidizing) or 10 
per cent air deficiency (reducing) , 
whereas if this is followed by an O, 
determination and the O, reading is 
4 per cent, it definitely proves that 
the air is in excess. This indicates 
that either more fuel, or less air, is 
required in order to approach a neu- 
tral atmosphere, or a state of perfect 
combustion. 


Burner Adjustment 

While it is a simple matter to 
make a flue gas analysis and a burn- 
er adjustment, the stability of this 
adjustment is short-lived in the aver- 
age foundry, particularly where both 
air and fuel are variable. A correct 
setting can be made during any par- 
ticular melt, but when the metal is 
melted and ready for pouring the air 
and fuel usually are turned off 

When they are turned on again the 
new setting may be incorrect. Check- 
ing the furnace for correct combus- 
tion during each melt, or after each 
disturbance of the fuel and air 
valves, is impractical. A practical 
solution would be the development 
of a burner, by the burner or furnace 





manufacturer, simple 
in design, that would - 
melter to turn off bot 
without disturbing th: 


In addition, it should 


fuel and air ratio throuch the on, 


combustion range, fr w f 


to high flame. In fact, conside,,) 


work has already been done 


sorption during the melting cycl 
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CasTING is one of the most im- 
processes in the manufacture 
chines. By weight castings 
to 90 per cent of machine 

5 per cent of tractors, 
ent of escalators, 25 per cent 
bodies, trucks, etc. 

More than 20 to 25 per cent of 

cost price of a machine 
the manufacture of castings. 

[he development of more durable 
ast iron has led to the more 

ive use of iron castings. In a 


f new designs cast iron has 
cessfully used in place of 


the manufacture of crank- 
indles, gear-wheels, etc. 
With the more extensive applica- 
isting, greater importance 
ittached to the design of 
onents from the viewpoint 
technological processes in- 
their fabrication. Better 
ake it easier for a factory 
ter the production of a new 
reduce cost prices and 
possible to run the foundry 
workers less highly skilled. 
technological principles of 
sign make themselves most 


The 


rongly felt in plants engaged in re- 


nd mass production of ma- 
here molding is done me- 
and expensive pattern 
ul] t is employed. 
he ign of the whole casting 
er was scheduled for pre- 
a Steel Session at the Fif- 
ersary Meeting of the Amer- 
rymen’s Association, May 10, 


eveland. 


as well as its elements and member 
junctions must take into considera- 
tion the phenomena which occur 
during the solidification and cooling 
of the metal. 


Unless this principle is followed 
it is impossible to obtain castings 
that are free from cracks, flaws and 
internal stresses without employing 
special methods, complicating the 
whole technological process. 


The size and intricacy of the cast- 
ings should not only be in accord- 
ance with the general technological 
principles of casting processes but 
also in accordance with the specific 
conditions obtaining in the particu- 
they are 


lar foundry where cast. 


General Design of Castings. Sim- 
plicity in production demands sim- 
plicity in form. Every casting should 
be based on the simplest possible 
geometrical figure. The whole de- 
sign should be based on the idea of 
obtaining this figure in the casting 
and all the appendages such as ribs, 
flanges, bosses, etc., should be sub- 
ordinate to it. 

In designing castings every effort 
must be made to obtain the simplest 
possible patterns and core boxes. 
The shape of the various surfaces of 
the casting should be made as close 
as possible to plane or cylindrical 


surfaces in order to simplify the mak- 
ing of the pattern. (Fig. 1). 

The design of the casting should 
provide for the easy withdrawal of 
the pattern from the mold without 
the use of loose pieces and irregular 
parting line, etc. The 
plicated the design of the casting, 
number of cores, 


more com- 
the greater the 
bosses, etc., the more difficult it ts 
to achieve accuracy of dimensions 
It is particularly desirable that 
there should be no loose pieces on 
jobs molded mechanically and in- 
tended for machining in fixtures 
To make it easier to remove the 
pattern from the mold it is desirable 
that the casting should be designed 
If this is 


with the necessary draft. 


© 




















Fig. 1—Drawing of door casting 
showing poor design (left) and im- 


proved design (right). 





volved in their fabrication. 


casting designer. 





Greater importance must be focused on design of cast- 
ings from the viewpoint of technological ——_ in- 
Technological princ P 

ing design makes themselves more strongly felt in mass pro- 
duction foundries, where molding is done mechanically and 
expensive pattern equipment is employed. The writer pre- 
sents herein fundamental principles which should interest the 


les of cast- 
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Table 1 
PATTERN Drarr ANGLES 

——————— 

i Value B Remarks 
L 11°30’ where h is less 
5 ; than | in. 

| ; 

io 5°30’ intermediate h 
ms 3° intermediate h 
» | hy where h is more 
50 than 15 in. 
*See Fig. 2 

eniiienelil 


Fig. 2—Sketch showing recommend- 
ed tapering practice (Table 1). 


not done the pattern-maker will have 
to taper the walls of his pattern thus 
deviating from dimensions of the job. 

U. S. S. R. Government Standard 
No. 2670-44 planned by the Stalin 
Machine-Tool Institute recommends 
the draft a/h=1/5=1/20=1/50 
(Fig. 2) which corresponds to the 
angles 8. See Table 1.* 

If the slope is obtained from the 

a 
cast dimension a the quantity — may 

h 
deviate from the figures given in 
Table 1 in order to avoid fractions. 
The tapered surfaces of the main 
part of the casting or its separate 
components (bosses, ribs, brackets, 
bores, etc.) must coincide with the 
parting line of the mold. 

Intricate and cumbersome cast- 
ings are best designed in parts and 
after casting may be fastened to- 
gether by welding, bolting or some 
other method of jointing. This ap- 
plies in particular to parts of a cast- 
ing which form large projections 
and give rise to internal stresses later 





*All dimensional and tensile values in 
this paper were originally in the metric 
system, and were converted to the deci- 
mal system. 
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on. The cost of making molds in- 
creases very rapidly and not in pro- 
portion with their dimensions. 

In addition to this, the division of 
the casting into a number of parts 
makes the molds simpler to build up, 
obviates the use of heavy cranes, and 
permits the employment of less 
skilled workers. 

The design of the casting must be 
such as will allow the liquid metal 
to flow freely into the mold. 

Large horizontal surfaces parallel 
to the top of the mold should be 
avoided on account of the fact that 
the gases which form in the mold 
and are given off from the metal 
may be retained on these surfaces. 
It is desirable to design that element 
of the casting which is uppermost in 
the mold in such a way that it will 
assist free flow of the gas and pro- 
duce a casting without gas cavities. 


Solidification of Casting 

The design of castings should 
foresee a regular progression in the 
process of solidification. This means 
that the solidification should begin 
at a definite, known point in the 
casting, usually the point farthest 
from the gate where the liquid metal 
is poured and should spread from 
this point in direct sequence ending 
with the head or riser. 

In the majority of cases the solidi- 
fication process begins in that part 
of the casting which is at the bottom 
of the mold and ends with the part 
nearest the top, the whole process 
progressing gradually. This rule must 
always be borne in mind when han- 
dling those metals whose volume de- 
creases considerably as they cool, 
such as steel, white iron, etc. 

Every cross-section of the casting, 
especially at points where there are 






masses of metal, mu 
regular supply of lik 
the solidifying proc: 
if cavities and por 


avoided. The isola 


cross-sections or their disposjsi. 
parts of the mold wher» they » 
constantly supplied \ atl 

is particularly dangerous to th, 


ity of the casting. 

The design of the casting , 
allow for shrinkage and the che: 
ing of shrinkage caused by mechan. 
cal and thermal factors. In order, 
prevent the so-called “mechan; 
stresses castings should allow for >. 
contraction. 


Thermal Stresses 

To prevent “thermal” stresses 1} 
design should provide for al! 
sections to cool as evenly as pos 
The approximate criterion of | 
rate of cooling of a cast member 
the relative thickness of th 
section, that is, the area of thy 
section divided by its perimeter 

The designer must remember that 
internal stresses which arise ar 
rectly proportional to the e! 
modulus of the metal. 

If the elasticity modulus 
averages 31,460,000 psi., whit 
24,310,000 psi., and gray iro 
300,000 psi., then, all other factor 
being equal, the ratio of stresses ir 
steel, white and gray iron will | 
2.2: 1.7: 10. 

In designing the beds of lathes and 
similar machines it must be remem- 
bered that the great differenc: 
relative thickness between the wa) 
and the walls of the bed will result 
in internal thermal stresses whic! 
may lead to warpage of the casting 

The following ratios must & 
maintained for cast iron fly-wheel 

















Table 2 
PERMISSIBLE DEVIATION IN DIMENSIONS OF GRAY [RON CASTIN 
——_—__________—-Degree of Accuracy : 
I Il “je te 
Permissable Deviation in in. 
Dimensions of 
Castings, in. (+) (—) (+) —) 
Up to 3.94 0.04 0.04 0.059 0.04 0 
3.94— 7.88 0.04 0.04 0.079 0.04 0.0/9 VY ab 
7.88— 11.8 0.04 0.04 0.079 0.059 0 0.07 
11.8 — 19.7 0.059 0.04 0.12 0.079 0 v.06 
19.7 — 35.5 0.079 0.04 0.16 0.079 0 0 °° 
35.5 — 47.3 0.12 0.059 0.2 0.12 _ 
47.3 — 71.0 0.16 0.079 0.24 0.16 { : +4 
71.0 —102.4 0.2 0.12 0.32 0.2 a 
102.4 —149.7 0.24 0.16 0.4 0.24 U U.Je 
149.7 —212.5 0.32 0.24 0.47 0.32 “se 
Over 212.5 0.4 0.32 0.59 0.4 { V.9 
ee 
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devi: 
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he diameter of the wheel 
ngth of the spokes 

ameter of the hub 

nts equalling inverse ra- 
cross-section to the per- 
of rim, spokes and hub. 
ving empirically obtained 
en the structural ele- 
illey wheels are also rec- 


1 
) a 
i—100A 


d 


Fs, Fr, Fh=the area of the 
; 1 in mm’ and Ps, Pr, Ph 
perimeter of the cross-section of 
spokes, rim and hub, 
diameter of the hub 
\—a coefficient depending on the 
diameter of the pulley D mm: 
D. mm.* gt “ae 
0.39 
100 0.52 
5) 0 55 
600 0.73 
00 0.51 
800 1.0 
900 1.18 
1000 1.3 


Fi Fh -04 
P *Ph Pr 


he inevitable deformation of 
den patterns, the imperfect na- 

e of sand molds' and variations in 
shrinkage of the metal may 
iuse certain deviations from the re- 
red dimensions and weight of the 
sting. The extent of permissible 
leviations for cast iron and cast 
| are laid down in U. S. S. R. 
Government Standards 1855-42 and 
09-43 and are given in Table 2-5. 
lhese figures are the highest per- 

s paper does not deal with specific 
of die casting, centrifugal 


ne ‘ 


25.4 mm. 


missable and do not prevent severer 
standards from being set, often for 
whole branches of industry where 
the foundries have achieved a higher 
all-round standard. 

Up to date there are no U.S. S. R. 
Government Standards of permis- 
sible deviation in dimensions and 
weight for other metals. 

Tables 6-9 show the recommended 
permissible deviations in dimensions 
and weight for castings for malle- 
able iron and copper alloys worked 
out by the Central Research Insti- 
tute of the Heavy Machine Building 
Industry. 

When there are rough castings in 
a machine moving one against an- 
other the minimum clearance recom- 
mended is given in the following 
Table 10°. 

The drawings should show the lo- 
cating surfaces to be used in ma- 
chining so that they may serve as a 
starting point in making the pattern 
and in checking the patterns and the 
castings. 

In designing the 
must be taken to ensure the pos- 
sibility of removing heads and risers, 
knocking out the cores and core 


casting, care 


irons. 

The design of the casting should 
also take into consideration the ex- 
tent to which later use of the part 
will depend on the method of cast- 
ing. If, for example, the casting 1s 
intended to work under pressure its 
design should be such that the cores 
can be held in the mold by core 
prints without any recourse to 
chaplets. 

By distribution of loads in the 

‘E. Geiger, “Designing for Foundry 
Production,” Transactions, AMERICAN 


FoOUNDRYMEN’sS AssociATION, vol. 50, 


p. 149 (1942). 
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I 
nsions of 

gs, in (+) (—) 
p to 3.94 0.04 0.079 

7.88 0.04 0.04 

s— 11.8 0.04 0.04 

19.7 0.059 0.04 

31.5 0.079 0.04 
47.3 0.12 0.079 
71.0 0.16 0.079 

102.4 0.2 0.12 

149.7 0.24 0.16 

212.5 0.32 0.24 

, Sas 0.4 0.32 


Table 3 
ERMISSIBLE DEVIATION IN DimMENSIONS OF Cast STEEL CASTINGS 


—Degree of Accuracy 


il 
Permissable Deviation in in. 

(+) (—} (+) (—) 
0.079 0.04 0.12 0.079 
0.079 0.04 0.16 0.079 
0.12 0.079 0.16 0.12 
0.12 0.079 0.2 0.12 
0.16 0.079 0.24 0.16 
0.2 0.12 0.28 0.2 
0.24 0.16 0.35 0.24 
0.32 0.2 0.47 0.32 
0.4 0.24 0.55 0.4 
0.47 0.32 0.63 0.47 
0.59 0.4 0.79 0.63 





Table 4 
PERMISSIBLE DEVIATION IN 
WEIGHT IN Gray IRON 
CASTINGS 


Pern.issible Deviation 


Weight of ~in Weight, Per Cent 


Casting Degree of Accuracy 

in Ib I Il I 
220 4.5 6.0 10.0 
220-2200 5.0 8.0 10.0 
2200 3.0 5.0 8.0 








Table 5 
PERMISSIBLE DEVIATION IN 
WEIGHT IN STEEL 
CASTINGS 


Permissible Deviation 


Weight of in Weight, Per Cent 


Casting ~Degree of Accuracy 
in Ib Il 
Up to 220 6.0 8.0 10.0 
220-2200 5.0 7.0 10.0 
Over 2200 4.0 6.0 8.0 




















construction, the design should con- 
sider the properties of the metals 
used. For instance, a gray iron works 
better under compression than at a 
tension (Fig. 3 and 4) while steel, 
on the contrary, works equally well 
under both stresses. 


Thickness of Casting Walls 

Selection of minimum permissible 
thickness of casting walls is based 
on the dimensions, weight, mold- 
ing conditions, the use of the walls 
in the machine, etc. 

Sections thinner than the follow- 
ing are not recommended: 


for cast iron 0.12—0.16 in 
for steel... 0.20—0.24 in. 
for bronze..... 0.12—0.16 in. 


for aluminum.... 0.16-—0.20 in. 

Efforts to reduce the weight of a 
casting should not lead to excessive- 
ly thin sections which may cause 
scrap, require great fluidity to cast 
and consequently excessively high 
temperatures. 

The thickness and cross-section of 
walls should concur with the general 
laws for obtaining a good casting: 
harden progressively and cool regu- 
larly. 

In tall castings the thickness of 
the walls should as a rule increase 
from top to bottom as they stand in 
the mold. 


The difference in the relative 


thickness of the walls of castings, 
especially those to be joined should 
be a minimum and should not ex- 
ceed the ratio 1: 2.0. 

In cases where a great difference 
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Fig. 3 (above )—Sketch of bracket 
showing poor des gn (right) and im- 


proved design (left). 
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Fig. 4—Sketch of piston showing 


poor design (below) and improved 
(above). Arrows indicate 


stresses. 


design 
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Fig. 5—Sketch of a plate showing 

poor design (below) and improved 

design (above). Inside walls should 

be made thinner than the outside 
walls. 





in cross-section is unavoidable it is 
recommended that the heavy section 
be designed with detachable parts, 
for instance, ways of machine tool 
beds can be bolted. 

The thickness of the inner walls, 
in view of worse cooling conditions, 
should be approximately 0.8 of the 
outer walls (Fig. 5). 

The permissible deviation in thick- 
ness of casting walls is the following: 


TECHNOLOGICAL PRINCIPLES OF ( 


Per Cent 

Condition es 

For jobs with a size up to 1 ft....6 2 
For jobs with a size up to 6 ft........8 3 
For jobs with a size over 6 ft........10 3 


In places where chaplets are in- 
serted thin walls should have local 
thickening so that the mass of the 
metal is sufficient to melt the chaplet 
down. If this is not done there is a 
danger of local defects being caused. 

In designing it must be remem- 
bered that one and the same cast 
iron melted at the same temperature 
acquires different structures when 
cooled at different rates so that dif- 
ferent parts of same casting may have 
different mechanical properties. 

Test bars cut from different parts 
of a cast gas cylinder showed the 
following differences in strength: 





Tensile Strength 





Sections in in. in psi. 
0.31 52,500 
0.47 48,250 
0.71 45,400 
0.87 41,100 


The working drawings of the 
casting should show the minimum 
permissible strength at the most im- 
portant sections so that they are 
known to the foundrymen. 

Angles, Tapering Sections, Junc- 
tions. The chief condition for ob- 
taining castings without defects or 
stresses is the gradual tapering of 
sections and the avoidance of sharp 
angles. Sharp changes in the sec- 
tions of walls from one thickness to 
another are not permissible. 

The correctness of the proportions 
of adjacent cross-sections may be 
checked by the method of inscribed 
circles. 

When the change in thickness is 
less than 1:2 it may take the form 
of a fillet; where the difference is 
greater the form used is that of a 
wedge. 

Wedge-shaped changes in wall 
thickness are to be designed with a 
tapering not exceeding 1:4 (Fig 6). 

Recommended tapering is given 
in Table 11. 

The radii of fillets should be from 
1.6 to 1.3 of the cross-sections which 
it connects. Larger radii in the fillet 
(equal to the thickness of the walls 
or greater) are not to be recom- 
mended as this leads to local thick- 
ening. 

U. S. S. R. Government Standard 
No. 2716-44 recommends the fol- 
lowing series of raddi for cast fillets, 
depending on general dimensions. 


This standard was produced by the 











Table 
PERMISSIBLE [D+ 
DIMENSIONS oF \\ EABI 

IRON Casi 
ar | 





Dimensions 
of Castings Permi , 

in in. ; : | 
Upto 3.94 
3.94- 9.85 
9.85-15.75 04 
15.75-25.6 0 
25.6 -39.4 ( 4 
39.4 -63.0 059 x 











Table 7 

PERMISSIBLE Deviation }y_ | 

DIMENSIONS OF Copper | 
ALLOY Cc ASTINGS 


| 

| 

De i Accure 

Dimensions . Ih | 
of Castings Permissible Deviation 

_ mm, - F in in ¢ | 

Upto 5.9 0.02 0.04 | 
5.9 - 9.85 0.02 0.05 
9.85-23.6 csvone ne 0.059 





_ 








Table 8 
PERMISSIBLE DEVIATION IN 
WEIGHT Per CENT or 
MALLEABLE [RON CastTiNcs 
eee Degree of Accuracy 


Weight of | 
Casting Permissible Deviation in in 
in lb. (+) (- 

Up to 1.1 0.24 0.2 0.433 ( 
0.22- 1.1.....0.24 0.2 0.35 
4c Bsc «662 0.32 ) 
5.5 - 27.5.....0.2 0.16 0.28 0.28 

27.5 -115.5.....0.16 0.16 0.24 0.4 

Over 115.5.....0.16 0.12 0.2 02 














Table 9 
PERMISSIBLE DEVIATION IN 
WEIGHT Per CENT oF 
Copper AtLoy CAasTINGs 
Degree of Accuracy 
I il 
































Weight of 
asting m im 
in Ib. (t) (— +) (—) 
+ awake 0.24 0.2 0.43 0.43 
0.22-0.44...... 0.2 0.2 0.39 0.39 
0.66-0.88...... 0.2 0.16 0.35 0.5 
0.88-3.96...... 0.16 0.16 0.32 0.32 
0. 0.12 0.28 02 
0 0.12 0.24 0.24 
Over 7.05.....0.12 0.079 2 0. 
Table 10 | 
MinimuM CLEARANCE IN IN 
Dimensions of Castings 
Upto Upto Ove 
I'y Ft. 6 Fi 6 Ft 
One surface as cast, 985 
other machined. . .0.39 ( 0 
Both surfaces 
as cast...........0.39 1.18 
we 
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Table 11 
NDED TAPERING OF 









































RE 
Wal 1IGKNESSES IN IN. 
b a Sa 
0.59 0.12 0.2 
0.79 0.167> 0.2 
a. 0.985 0.2 0.2 
12 118 0.24 0.31 
Q 1.3 0.28 0.31 
. 1.57 0.31 0.31 
- 1.77 0.35 0.39 
: 1.96 0.39 0.39 
¢ 2.16 0.43 0.47 
9.36 0.47 0.47 
P 2.56 0.51 0.59 
f 2.75 0.55 0.59 
, 2.95 0.59 0.59 
ii ~ 
a ct - — . 
eee 
. | 
ER 
», © 
» | 
: ym r 
~ /, a 
| LLL 1 
—— ———— 
ae Table 12 
ALLOWANCES FOR MACHINING 
= in Case OF SINGLE Bore 
test Maximum AMlowanees in in. 
Diameter by Degrees of Accuracy 
_ I i um 
’ 94 0.12 0.16 0.2 
. | 3.94- 7.88......0.12 0.2 0.24 
; 7.88-11.8 0.2 0.24 0.32 
| 11.8 -19.7 0.24 0.32 0.39 
} 
Table 13 
— | ALLOWANCES FOR MACHINING 
IN Case OF SEVERAL BoreEs 
Greatest Maninum ABowons es 
Dimension for Machining in in. 
| f Casting by Degrees of , abl 
N in i I i Wl 
| I Dpto / 9 0.16 0.2 0.24 
9. 11.8......0.2 0.24 0.28 
8- 19.7 0.24 0.28 0.32 
7- 31.5 0.24 0.32 0.39 
- 47.2 0.32 0.39 0.47 
; 2. 71 0.39 0.47 0.55 
M4 102.3 0.39 0.55 0.63 
35 149.5 0.55 0.63 
2 | 1-213 0.71 0.79 
2 213 0.79 0.87 
t U7 MLM" 
| —=- . & 4(M-h) —_-| , 
| F Wedge-shaped changes in 
as shown above in wall 
tL ‘S Should be designed with 
r not exceeding ratio 1:4. 
oil 











Moscow Machine Tool Institute.’ 

Radius (in.) 0.039; 0.079: 0.118: 

0.197; 0.315: 0.394: 
0.473: 0.59: 0.79: 
0.98; 1.18; 1.57. 

The number of radii in fillets 
used in one pattern should be the 
minimum possible and where pos- 
sible should not exceed one. 

In order to avoid local accumula- 
tion of metals and secure even sur- 
faces at rounded angle junctions be- 
tween two different sections, the ex- 
ternal radius of the junction should 
equal the thicker member, and the 
inner should follow the U. S. S. R. 
Government Standard No. 2716-44. 

Cross coupled walls (ribs) should 
preferably be designed as double T- 
forms (Fig. 7). 

Sharp inner 
avoided as they form a focal point 
for the accumulation of local stresses. 
Acute angles are particularly dan- 
gerous in designs that may suffer 


angles should be 


fatigue. 

In order to lessen the mass of 
metal in those angles where a per- 
pendicular strengthening rib meets 
two walls the design should allow 
for an opening in the rib which does 
not weaken the construction but 
makes for a good casting. 

In designing changes in cross- 
sections the engineer must remember 
that some of the walls will have a 
bigger thickness due to machining 


allowances. 


"The author, with a view to discover- 
ing the diameter of fillets actually used 
in practical work in various types of ma- 
chine, measured 150 iron castings in 14 
machines: six presses, four machine tools 
and four tractor engines. 

A total of 742 fillets were measured 
and the following frequency obtained. 


Frequency of 


Radius of Fillet, Occurrence 
in. Per Cent 
0.12 1.7 
0.16 0.7 
0.2 ° 24.5 
0.24 1.5 
0.28 0.1 
0.32 4.7 
0.35 0.1 
0.39 48.8 
0.47 0.1 
0.59 1.9 
0.63 0.4 
0.79 6.9 
0.91 0.4 
0.95 0.4 
0.99 1.5 
1.1 0.3 
1.18 1.3 
1.38 0.8 
1.42 0.1 
1.58 0.5 
1.97 1.1 
2.05 0.5 
2.95 0.1 
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Fig. 7 


she wing poor desieon ( be low ) and 


Sketch of wall junctions 
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improved design (above). 
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Fig. 8—Sketch of pulley show.ng 


poor design (below) and improved 


design (above). In correct design 


no cores are required. 


Hollow Castings and Bores. In de- 
signing castings all shapes which 
make the use of cores necessary 
should be avoided to the greatest 
possible extent as they complicate 
molding and increase its cost. Where- 
ever possible dry cores should be 
abandoned in favor of green mold 
(Fig. 8). 

The question of whether or not a 
bore should be made by casting must 
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Fig. 9—Sketch of flanges showing 
poor design (below) and improved 
design (above). 





be decided individually for each case 
and depends on the nature of the 
job and technology of fabrication. 

Allowances for machining bores, 
whose size is the factor determining 
whether the bore shall be made or 
not, are to be calculated in accord- 
ance with existing practices. Tables 
12 and 13 show the recommended 
allowances. 

When a large number of cores is 
required for a casting, such as the 
cylinders of air-cooled engines, for 
example, the question of unification 
must be considered. Design should 
favor mechanical core molding. 

The design of the interior of a hol- 
low casting should be such that the 
core print and the shape of the core 
enable it to be accurately fixed in 
position. The core print should how- 
ever possible be a continuation of 
the body of the core. The use of 
chaplets is extremely undesirable. 

When the length of a core is more 
than double its diameter, the de- 
signer should allow for it to be fixed 
at both ends. 

The thickness of the core should 
be sufficient to allow it to be 
strengthened by cast or wire core 
irons; it should not be easily broken 
during transportation or under the 
pressure of the liquid metal when 
the mold is filled. 

The design of the casting should 
allow for the escape of gases from 
the core preferably from the top of 
the casting. 

It is recommended that walls be 
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strengthened by means of flanges 
wherever there is an opening in the 
casting. 

The design of the casting should 
allow for the easy removal of the 
core and core iron from the casting 
and for the cleaning of the interior 
surfaces. If the job is one that re- 
quires entirely enclosed internal cores 
the design must provide openings 
for the removal of the core, and for 
their closing after removal. 

Ribs and Brackets. As far as pos- 
sible ribs should be flat in shape. If 
the ribs are narrow and high stresses 
may occur at the outer edges which 
may lead to cracks. 

The junction between the ribs and 
the main casting should prevent any 
local accumulation of metal. 

For the same reason criss-cross 
ribs should be arranged checker- 
board fashion. 

When the thickness of flanges dif- 
fers greatly from that of the body of 
the casting the change in thickness 
should be gradual and tapered 1:4.5 
(Fig. 9). 

Grooves should be made by cast- 
ing if the unmachined dimensions 
are not to be less than 0.2 to 0.24 in. 
depth and 0.79 to 0.98 in. width. 

Bosses and Lugs. Boss, lugs, brack- 
ets and all other protruding elements 
of castings should be so designed that 
they can be removed from the mold 


together with the main pattern. 


To obtain good, strong metal in 
bosses and lugs their thickness should 
not differ greatly from that of the 
main casting. 

When there are several lugs and 
bosses on one surface they should be 
joined. 

Bosses should not be included in 
the casting design when the surface 
to support bolts, etc., may be ob- 
tained by milling or countersinking. 

Lugs should be thick enough to 
ensure that they can be machined 
without the main casting being 
touched. 

Minimum recommended heights 
for bosses on a casting are: 

Condition In. 


For jobs up to 1 ft. in ~~ : 
For jobs up to 6 ft. in length........ i 
For jobs over 6 ft. in length.......... 1 0 


To avoid frequent change of posi- 
tion in planing or milling the various 
lugs, all those on one side of the 
casting should, if possible, be in one 
plane. 














The width of lugs 
should consider son 
tion in casting. 

Some Examples of 1 
cal Analysis of Castir 
chine Tool Bed. TT} 
machine tool bed cast 


box with two sleeve mn 


continuation of the w: 
In two walls perpendi 
other there are openings th 
be closed with covers. Thy 


sions of the bed are 5! 


The original thickness of the y 


was 0.47 in. In view of the «x 


what intricate shape of the be 
Chats 


however, and especially th: 
in direction of the members 


“~~ 
hinder. 


ing the flow of the liquid me 


when poured and also to ensure eye: 


cooling in all cross-sections of 4] 
casting, thickness of the outer y 


is preferably increased to 0. 
The irregular shape of tl 


forms a labyrinth through whi: 


metal must flow. This ma 
warp due to the sand being 
away from the sides of th: 
Without changing the out 
faces of the walls the inner 
should be made flat. (Fig. 1( 

The tubular section of th 
bers as at first designed did 
low for the fixing of the co 


. > 


i@ W 


y 


washed 


eT 
Wr? 
Suria 


e met 


¢ 
not ai- 


res 


T 1 


fix the cores securely and to make 


easier to insert the cores in the mold 
it would be better to make the tubu- 
lar members in the shape of an in- 


verted V. 



































Fig. 10—Sketch of a machine bed 
ys Poor 


hile im 


showing cross-section of 
design is shown above 
proved design is show? 
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h of be d plate for mo- 
nal flanges to simplify 
r design is shown above 
ed design is shown 


beliow. 


m of the lower part of 
ht unnecessarily complicated 
be replaced by ordinary 
Fig. 10) thus avoiding the 
use of cores and giving 
the mold. 


Engine Base 
of internal flanges greatly 
ites molding. A number of 
res must be used which, although 
of simple shape, are big, 
involve great expenditure 
In consequence of this, 
in 1n- re boxes and drying plates are nec- 
Changes in the design of the 
Fig. 11) enable the foundry- 
use green mold. 


Af 


strengthening ribs should be 


; | 
y somewhat lower and at the 
\ e thicker to allow for the 
Ni ven cooling of the casting (Fig. 12). 
NY Reducing the number of ribs, de- 
yy their height and increasing 
» r thickness simplifies molding, 
lly if the whole job is given 
iincient taper. 


Zi 


ugs for bolting the bed to 
foundation are weakly joined 


“~<a 


Nt nd be broken off. By using an 
N\ itside flange half the length of the 
iY igs merges into the bed which con- 
NY ler strengthens them. 
be Spindle Housing 


Basic casting of a spindle housing 
ngular box with an inside 
rc} mensions—4 X 36 X 36 in. 
ng is open at one side. 





The original design required a 
wall thickness of 0.8 in. but on ac- 
count of a number of lugs, ribs. etc 
it was found that the walls were not 
strong enough and the box cracked 
on account of the mechanical hin- 
dering of shrinkage; the thickness of 
the walls was therefore increased to 
1.0 in. At the same time an arch 
and a strengthening rib were intro- 
duced into the design which made it 
possible to cast the job without 
cracks. 

The edges of the internal surfaces 
should be straight and strengthened 
by a flange. The core and conse- 
quently the pattern and the core 
box, then form one straight line. 
This simplifies the cores, makes it 
easier to manufacture and dry them, 
and, what is more important, en- 
sures greater accuracy in assembling 
the mold and checking the dimen- 
sions. The producing of the pattern 
and the core boxes is made simpler 
and cheaper. 

The height of the box should be 
increased by 0.8 to 1.5 in. in order 
to strengthen the flange. 

The brackets of the box have a 
width and thickness which are not 
proportional to the thickness of the 
box walls. The necessary allowances 
for machining increase the mass of 
metal still further giving a ratio of 
thickness 2:1 in. 

The supporting arch with the 
opening by which the housing is 
fastened to the bed is subject to big 
internal stresses due to the difference 
in the mass of metal in the parts of 
the casting adjoining it. The cores 
necessary to make this part are too 
complicated. 

The supports in the bottom of the 
box have the following two tech- 
nological defects. 

1. The mass of metal is dispropor- 
tionately great as compared with the 
thickness of the bottom. 

2. The strengthening rib connect- 
ing the supports with the vertical 
walls of box hinders free shrinkage. 

It is more rational to design a-sys- 
tem of supports joined only with the 
bottom of the box, with a corre- 
sponding simplification of the whole 
design. 

The original shape given to the 
strengthening ribs does not justify 
their existence and they can be 
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Fig. 1: 

tor. External flanges make a stronger 
joint with the foundation. Poor de- 
sign 1s Shown at left while improved 


; Sketch of bed plate for mo- 


design is shown at right. 


avoided altogether by the change of 
design previously described. 

The beading on cored holes are 
of excessively massive design espe- 
cially when we take into considera- 
tion the additional thickness that 
must be given to allow for machining. 

The element carrying electrical 
instruments should be designed sepa- 
rate in the form of a box or a brack- 
et to be bolted on to the walls of the 
main construction. 

The inclusion in one casting of 
elements of primary importance that 
are subjected to a heavy mechanical 
load and those of secondary impor- 
tance only serves to complicate the 
design and is incorrect in principle. 

The design of this casting is al- 
ready complicated and requires 20 
cores. 

The chief economic effect in re- 
designing castings from the stand- 
point of the processes involved in the 
pouring, solidifying and hardening 
of the metal will be shown by a re- 
duction of scrap. 

At the same time simplifying the 
processes means a reduction, in the 
amount of labor required to make 
the pattern equipment and molding, 
also cleaning the castings. 

For example, the previously men- 
tioned changes in the design of spin- 
die housing reduces the time re- 
quired to make patterns and core 
boxes from 462.2 hr. to 416 hr., that 
is by 10 per cent. 

The time required to make the 
cores is reduced by 35 min., the as- 
sembling of them by 7 per cent and 
the actual molding by 6 per cent. 
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FOUNDRY DUST CONTROL 


EQUIPMENT 





Kenneth M. Smith 


Foundry Engineer 
Caterpillar Tractor Co. 
Peoria, Illinois 


O EQUIPMENT is better 

than the care it receives. 

The writer says “care” of 
equipment because maintenance of 
equipment as commonly understood 
is too frequently undertaken only 
when the equipment has failed. 
Routine preventive maintenance or 
“care” is necessary if undesirable in- 
terruptions of service are to be 
avoided. 

Routine lubrication, cleaning, re- 
placement of worn parts, and gen- 
eral visual checks of all dust control 
equipment will forestall the major 
part of equipment breakdowns dur- 
ing production operations. Preven- 
tive maintenance pays by eliminat- 
ing a large part of the losses in- 
curred when workers and equipment 
cannot be utilized while essential 
equipment is being repaired. 

Exhaust Hood and Duct Mainte- 
nance. Foundry dust control starts 
with the dust hood and ducts. Once 
a hood and duct system has been 
set up properly, every effort should 
be made to keep it in first class con- 
dition. Hood inlet adjustments must 
be maintained, and dirt accumula- 
tions must be removed regularly to 
provide proper ventilation volume. 

Figure 1 shows a typical dirt ac- 
cumulation in a hood entrance. Dirt 
accumulations should also be re- 
moved to promote the good house- 
keeping essential to the modern 
foundry. 

Not only do dirt accumulations in 
hood entrances and ducts cut down 


the volume of ventilation available, 
but they frequently constitute a dan- 
gerous fire hazard especially where 
core oil fumes condense and soak 
into the dust accumulations. Where 
such fire hazards exist, steam jets 
should be installed in the duct sys- 
tem ahead of the fan for use in 
smothering a fire. 

Opposed steam jets are necessary 
to prevent the jet acting as a duct 
inspirator as well as to fill all sec- 
tions of duct with steam as quickly 
as possible. The stop button for the 
fan should be installed by the steam 
jet valve. The steam jets should be 
turned on for a few seconds at regu- 
lar intervals to insure their proper 
functioning in emergencies. 

Liquids which condense in ducts 
should be continuously drained out 
into containers which should be 
emptied frequently. Figure 2 shows 
a duct drain and collecting con- 
tainer for core oil residues and water 
from a mold cooling tunnel exhaust 





* Routine preventive mainte- 
mance or care of foundry 
dust control equipment is neces- 
sary if undesirable interruptions 
of service are to be avoided. 
The writer goes into some de- 
tail discussing maintenance of 
fans, cloth type dust collectors, 
rotary centrifugal collectors, 
wet collectors, and air filter 
type collectors. Proper dust 
control equipment maintenance 
consists of good routine care 
and inspection plus replacement 
of worn parts before equipment 
failure occurs. 





duct. Figure 3 shows the fan sec: 
of a similar duct which is bad) 
need of cleaning. Also the duct 
trance door needs a drip deflect 

its bottom inside edg 

Frequently dust contro! hood 
severely abused and rendered 
less especially at shakeout:. H, 
face parts must be rugged. W} 
experience shows that hoods 
abused, construct them of | 
materials. 

When long horizontal ducts 
used to convey dirty air to a dust 
collector, they should be mad 
flanged sections bolted together 
permit turning the duct to a n 
position several times in th 
the duct. Otherwise, the abrasiv 
wear on the bottom of the duct wi 
cause premature duct failure. Bolted 
flanged elbows in abrasive dust s\s- 
tems are useful for expediting quick 
replacement of worn out elbows 

All hoods on grinders should bx 
kept clean and in first-class repair 
for safety and dust control. 

Fan Maintenance. Since th 
maintenance necessary on a fan § 
very frequently determined by its 
design, the proper fan for the dust 
and fumes to be handled must bx 
chosen with care. For exhaust sy> 
tems on mold pouring and cooling 
stations, core ovens, or any system 
handling condensible fumes, radial 
blade centrifugal fans will give th 
most satisfactory results since they 
are relatively self cleaning by ct 
trifugal force. Figure + shows am 
example of a straight radial blade 
centrifugal fan impellor in contras 
to the multiblade type of fan im- 
pellor shown in Fig. 5. 

If a multiblade type © fan gv 

















f cal dirt 


accumulation 


luct drain and collecting 


duct handling conden- 





Wile fumes. 














pouring 





at €X hau st hood inlets above 


Station. 


Fig. 3—Duct 
densible fume 


station showin 


mold 


and fan handling con- 
s from a mold pouring 
necessit } fe ” pe 7 tod 


cleanin: 











Straight radial blade fan 


im pe llor 





Fig. 5—Multiblad. 


im pellor. 


type fan 





Repaired impellor for cen- 


trifugal fan. 









































628 


ne , . , 
ee ie fen. WO sy He 





MAINTENANCE OF FouNprRY Dust Con 








Fig. 9—Fan drive wit} 





missing 
Fig. 6—Multiblade type fan impellor on mold break apart zone exhaust bearings should be kept wi 
hood showing necessity for regular cleaning. cated especially in ducts fr 


continual trouble from dirt build up 
and consequent vibration, it should 
be replaced with a fan of the radial 
blade type. Figure 6 shows a multi- 
blade type fan impellor on a large 
mold break apart exhaust system 
where regular cleaning of the fan 
impellor is necessary. Cleaning and 
checking of such fans can be done 
more easily if a section of the fan 
scroll sheet is made removable. Suit- 
able sealing strips must be provided 
on edges of the removable section. 


When vibration is detected in a 
centrifugal fan, it should be checked 
for worn or missing impellor blades 
and for material accumulations on 
the impellor. Material accumula- 
tions should be removed and neces- 
sary repairs made. Figure 7 shows 
a repaired fan impellor. Rebuilt fan 
impellors should be carefully bal- 
anced. Vibration build up in a cen- 
trifugal fan can be easily detected 
when the bearings are given their 
routine lubrication. Centrifugal fans 
should not be operated at high 
speed; unless they are given very 
good care. Vibration from dirty im- 
pellors running at high speed can 
cause serious damage. 

On dust and fume control systems 
where the dust is not collected, pro- 
pellor type fans are frequently used. 
When they are used to handle con- 
densible fumes, they should be of the 


narrow streamline blade type to cut 


pouring exhaust hoods whict 
carry hot gases. Figure 8 als 


down the blade area which can col- an easily adjusted belt tighter 

lect dirt. Even so, they should be duct fan drives. The drives { 

cleaned regularly. Convenient access trifugal fans which use multiple \- 

doors should be provided in the belts are often abused. Frequent 

ducts (Fig. 8) to permit easy clean- the individual loose or broken V-| 

ing and changing of fan blades. is not replaced until the Q 
The belts on external drive duct on the remaining belts has damag 


8) 


fans must be kept tight, and the them too. See Fig 


Fig. 8—Propellor type fan with ample duct entrance door and 
belt tightening arrangement. 














( olle c tor 
ind well worn bag with 
wccumulation. 


bags show- 


brasive dusts may be en- 


the propellor blades 
checked and _ changed 
to insure efficient fan 


Figure 10 shows typ- 
propellor blades which 
nging to 


ventilation. Note the main- 


in order insure 


man’s quick method of ob- 


adequate door for fan Fig. 12 
iacement. 
ly pe Collector Mainte- 
Several types of dust collec- tors are 
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rotary centrifugal dust collector as crated for 


manufacturer jo? 


ac h 




























reblading 


having separate maintenance prob- 
Where there 


fumes, 


lems are no condensi- 


ble 


gummy materials present, the cloth 


high temperatures, of 


type collector is commonly used 
3oth the tube and the envelop 
type bag will eventually increase in 
resistance from the accumulation of 
the cloth This 


grinders’ 


lint in pores lint 


often comes trom gloves 
and from paper used to clean safety 
When cloth 


increases sharply, the bags should be 


the resistanct 


g] iSSES 


replaced. Otherwise, ventilation vol 
ume drops and rapping devices wear 
holes in bags which in turn lets the 
abrasive dust wear out the fan 
Even if lint does not get into the 
cloth pores, the mechanical cleaning 
the bags in approx! 
ol 


Figure 11 shows 


will wear out 


mately two years twenty-four 
hours daily service 
a worn bag in contrast to a new bag 
Continued rapping has worn the old 
bag thin enough to permit dust to 


pass through in a few areas 


Rapping devices should be kept in 
vood order to keep the collector bags 
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Fig. 13—Multistage wet centrifugal 


dust collector showing points where 
deposits may build up. 


in full use. Cloth collectors should 
be shaken down at regular intervals 
such as lunch hours and at shift 
changes with fan turned off. The 
collected material hoppers should be 
emptied regularly to prevent unnec- 
essary dust recirculation against the 
cloth sacks. The dirty air inlet must 
be kept baffled to prevent the air 
impinging directly 
upon the collector sacks. 

Rotary Centrifugal Collector 
The rotary centrifu- 


stream from 


Maintenance. 
gal type of collector combines col- 
lector and fan functions. For light 
dust loads they will operate for long 
periods with only routine lubrication 
and general inspection. For heavy 
abrasive dust loads the rotary cen- 
trifugal fan collector should be pro- 
vided with liners. 

These liners should be checked 
periodically to prevent excessive 
damage to the main collector hous- 
ing in case the liners wear through. 
By the time a set of liners has worn 
through, the fan impellor probably 
will need reblading. Prompt reblad- 
ing service is provided bv the manu- 
facturer of this equipment. 
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Figure 12 shows a worn impellor 
crated for return to the manufac- 
turer for reblading. For heavy dirt 
concentrations, a precleaner arrange- 
ment reduces the wear on the fan 
impellor and housing. The dust 
hopper for the rotary centrifugal 
collector should prevent any recircu- 
lation of the dust. Empty the hop- 
per at frequent intervals. 

Wet Collector Maintenance 
There are several wet type dust col- 
lector arrangements available for 
foundry use. Their basic principle 
of operation is to mix the dirty air 
with a water fog or spray in order 
to wash the air. Some form of mois- 
ture elimination is then employed 
to separate the water and dirt mix 
ture from the air stream. If rotary 
impellors are used, the impellors 
must be kept clean to prevent vibra 
tion. If baffles only are used, they 
should be checked periodically. 

The eliminators must be kept in 
good order to prevent extra carry- 
over to the fan which may get out 
of balance from solids built up on 
the impellor. Where a mechanical 
sludge conveyor is used, the con- 
veyor will need routine checking and 
occasional repair and replacement. 

Do not put core oil fumes through 
a wet type rotary centrifugal collec- 
tor. The fumes condense on the fan 
impellor, where they collect dirt, and 
throw the impellor out of balance. 


Where a series of vertical centrifu- 


Fig. 14 





FouNnpry Dusit 






Con? 


gal collector sectior 
wet collector. adeq 
must be passed thr 
to keep it flushed cli 
must be recirculate: 
tling tanks or basi: 
vided. Dirty water 
in the colle¢ tor sec 
in Fig. 13. It also 
lines and the drain 
the circulating pul I) 
tends to collect at th 
as shown in Fig. 13 
be removed at regula 
both the collector sect — 
Provide adequate cl 
this cleaning proble: 
duced to the occasior 
the collector inlet. 

Air Filter Type C Vl 
nance. Figure 14 show 
bench equipped with 
type air filters. These filt 
moved every second da 
oleum, sprayed with SAI 
crating oil, and reinsta 
maintenance is done or 
shift when the grinding bencl 
not in use, but a spare set 
with the portable dipping and 
ing equipment would make 
ble to do this work at any 


Summary 
Proper dust control e 
maintenance consists of good 1 
care and inspection plus replace ' 


of worn parts before equi 
failure occurs. 


Down draft grinding bench showing filter cleaning equ 
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ALMOST ALL SAND used in 
; shop for making cores is ob- 
ned from local deposits of bank 
d having an A.F.A. fineness num- 
rof about 70. Figure 1 shows the 
b-angular grain of this sand as 
mpared with the round grained 
1 silica sand. 
Deposits, or pits, of bank sand 
ir in a relatively thin layer rang- 
¢ from 5 to 15 ft. in thickness, 
nd are covered with an overburden 
In order to extract uni- 
bank sand from a pit, it is 
tial that topsoil be thoroughly 
tripped away and that the proper 
th and area are not exceeded in 
removing the bank sand. Excessive- 
oarse sand comes from the edges 
ind bottom of the pit. 

Selection of New Pits. When a pit 
ecomes depleted, a suitable new pit 
must be selected. Due to the very 
drastic effects which a change in 
sand grain size and distribution can 
have in coreroom practice, the se- 
lection of a new sand pit is a task 
requiring care and judgment. In 
such a case it is the custom for the 
sand supplier to submit a series of 
sand samples from prospective pits. 

Grain distribution curves for these 


f topsoil 


samples are determined by the lab- 
oratory and the most suitable one 
select It is the usual practice then 

Presented at a Malleable Foundry 
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Meet American Foundrymen’s Asso- 
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for the sand supervisor and core- 


room supervisor to visit the prospec- 
tive pit, taking a new set of samples 
at various locations and depths. 

Sieve analyses of each sample and 
also a composite sample are made 
by the sand laboratory. These are 
reviewed carefully. If they are suit- 
able, and the sand is satisfactory 
from other standpoints, the pit is 
approved for use. 

Control of Incoming Sand. Sand 
is hauled to the plant by truck in 
loads of from 10 to 35 tons. Figure 
2 shows a plan view of the sand 
storage building. Trucks are able to 
dump the raw bank sand through an 
opening in the sidewall of the build- 
ing into a pit which is called the 
truck dump. 

From this dump the sand may be 
picked up by the 5-ton traveling 
crane bucket and placed in either 
the wet sand storage bin or, more 
often, directly into the 30 ton wet 





% In a foundry producing 
large volumes of cast- 
ings, the econmical produc- 
tion of suitable cores con- 
stitutes a major problem. 
In the plant with which the 
author is associated, this 
fact has been recognized 
and a department with 
ample floor space, equip- 
ment, and staff has been 
developed to do the job. 
Likewise, it has been recog- 
nized that exacting control 
is necessary to permit the 
making of a large volume 
of cores having the proper 
physical properties. 











sand hoppers feeding the sand driers. 
Each of these wet sand hoppers is 
equipped with a heavy 4-in. mesh 
screen which prevents excessively 
large roots and other foreign matter 
from getting into the feeders. 

Control of the incoming sand is 
exercised in two ways. First, a visual 
check is made of truckloads for 
excessively coarse sand, unusual 
amounts of lime, and presence of 
topsoil. Second, a grain distribution 
curve is plotted from a daily com- 
posite sample of sand taken at the 
sand drier feeders. 

By means of these checks, any 
changes in the sand with respect to 
grain size, distribution, and purity 
may be ascertained at an early stage. 
Figure 3 shows a typical grain dis- 
tribution curve for the bank sand. 
For a closer analysis of the distribu- 
tion, it is the practice to use the ad- 
ditional sieves shown. 

Sand Drying. Incoming sand from 
the pits varies in moisture content 
from 3 to 9 per cent. Accurate mois- 
ture control of core mixtures can be 
exercised only if the sand is dry, and 
cool. Raw bank sand is therefore 
dried and cooled before using. 

Sand drying equipment consists of 
two parallel counterflow type driers 
which reduce the moisture of the 
sand to approximately 0.2 per cent. 
Each drier will dry and cool 8 tons 
of sand (7 per cent moisture) per 
hour. Increased tonnages can be run 
through the driers if moisture con- 
tent of raw sand is lower than 7 per 
cent, and vice-versa. 

Figure 4 shows a diagrammatic 
sketch of a drier and controls. Air 
for combustion is furnished by a 
small blower. The volume of air-gas 
mixture supplied to the firebox is 
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regulated by a dual proportioning 
type valve which responds to the fire- 
box temperature controller. 

Surrounding the firebox is a space 
through which a large volume of air 
may be blown by the secondary 
blower. This space is baffled in such 
a manner that the secondary air must 
travel spirally around the box. A 
portion of the secondary air is al- 
lowed to enter the box through ad- 
justable louvres at the forward end. 

At the far end of the firebox the 
combustion products mix with the 
preheated secondary air and pass 
into the mandrel; they then double 
back between the mandrel and the 
outer drum where they are in con- 
tact with the sand. 

Sand is fed into the outer drum of 
the drier by means of an electrical 
vibrating feeder. As the drum ro- 
tates, the sand is picked up by blades 
which lift it to the top of the drum, 
from which point it drops in a cur- 
tain to the bottom of the drum. 
Thus the sand, as it proceeds toward 
the mid-point of the drum, is ex- 
posed to the heated gases. 

The sand and hot gases move in 
opposite directions (counterflow) in 
the heating section. As the gases 
proceed toward the feeding end, 
where they encounter wetter and 
colder sand, the moisture content of 
the gases increases and their tem- 
perature falls until they are satur- 
ated. The gases discharge from the 
stack at a temperature of less than 
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212° F. Such conditions make for 
high efficiency of the drier. 

When the sand reaches the mid- 
section of the drier, it is picked up 
and dropped into special chutes 
through the baffle plate into the 
cooling section. At this point the 
moisture content of the sand is about 
1% per cent. This amount of mois- 
ture is needed in order to take ad- 
vantage of the cooling action arising 
from the evaporation of the moisture 
from the sand. 

Cold air is blown through the 
mandrel in the cooling section by 
means of a separate blower which 
has been set to run at a desired con- 
stant volume. The air stream moves 
between mandrel and outer shell 
parallel to the sand flow. 


Fines Removal 

By adjusting the velocity of the 
air, fines may be carried out of the 
sand in varying amounts as desired. 
Fines, so removed, are carried by 
duct into a wet collector unit. Sand 
is discharged from the cooler at tem- 
peratures between 95° and 110° F., 
directly into an elevator which car- 
ries it to second floor for screening. 

Operating control of the drier may 
be briefly described as follows: As 
the sand passes through the chutes 
from the heating to the cooling sec- 
tion of the drier, it drops onto a 
thermocouple. As shown in _ the 
sketch (Fig. 4), this thermocouple 
is connected to a control instrument 








which operates a bu il c 
the secondary air bk a a 
Control instrument = 
specific temperature, 
values of 140 and F i 
temperature, as m« 
thermocouple, falls, t 
the secondary air blo 
and thus increases voles ul 
cold air blown arour © firehes [ 
In turn, the firebox . 
ment increases the supply my mi Laws 
bustion gas and air due to the Jower. 
ing of the firebox temperatur 
normally is held at 1400°F. 7 
increase in volume of heated ;i, — 
supplied to the heating  sectic, aw 
brings conditions at the mid ss 
of the drier back to normal. If the : 
sand temperature at the mid 
rises, the reverse of the above .p. — 
tions take place. 
To assist in contro! adjustmen: —— 
temperatures of sand samples taker 
at the discharge end of the drier a 
recorded hourly. It is important 
keep the sand discharge temperature 
between 95 and 110° F. 
Sand at temperatures over 110° | 
will be too hot for use, even aft 
storage. Hot sand not only caus 
sticking of core mixtures in core 
boxes, but defeats the very purpos 
of drying sand by causing | 
moisture control of the mixture 1 
through increased evaporation at t! ’ 
higher temperatures. Sand coming , 
from the drier at temperatures les . 
than 95° F. will not be thorough); * 
dried. - 
Screening. As the sand is dis- 
charged from the drier, it is taker 
by elevator to the second floor of 
the storage building where it is dis 
charged on 20-mesh vibrating screens 
set at an angle of 33°. A mechanical / 
spreader device distributes the sand 


Large sand grains, roots and other a 
undesirable materials pass over the 
screens into the tailing chute. A 
periodic check of grain distributiot “ 
of the tailing sand indicates the el- i 
ficiency of the screens. Figure 2» 2 
a representative grain distribution 
curve of the tailings, showing Me 
presence of few sand grains finer | 
than 40. . " 

The usable portion of the 
falls through the screens 


Fig. 1 (left)—Ottawa a 5a 
(washed and dried). (11 
sand. 10X 
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nveyor which discharges it into 
1000-ton dry bank sand bin. From 
his bin it is picked up by the clam 
bucket and transferred to a 3000-ton 
iry sand storage bin. 
The purpose of the transferal is 
blend the sand with the existing 
e, thus smoothing out possible 
variations in grain distribution as 
sand comes from the drier, and 
roducing a more uniform sand for 
se. Sand from the large bin is 
lly transferred, as needed, to the 
| hoppers above the mixers. 














Selection, Storage, and Control of 
Other Raw Materials 

Cereal Binder. Corn flour is used 

n the core sand mixtures to produce 
necessary green compressive 

In selecting a brand of 
‘our, particular attention is paid to 
two characteristics of the flour. 
First, it is desirable to have a flour 
which develops the best green com- 
ressive strength, by test, for the 









strenot!} 
rength 










east Second, the characteristics 
‘ the flour must be such that core 
ixtures made with it have excellent 
dlowability” in a blow machine. 

lhe latter characteristic is of spe- 
= rtance because so many of 
Ne production cores are made on 
DIOW 


ichines. It might also be 
. ut at this time that when 
a ‘actors affecting blowability 
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Typical grain distribution curve for bank sand. 
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are closely controlled, more and 
mere hand-rammed jobs, and jobs 
of an intricate nature, can be con- 
verted to a blowing operation which, 
in a majority of cases, will increase 
production and lower costs. 

It has been the experience that 
when the lighter flours (10 to 13 Ib. 
per cu. ft.) are used, the core mix- 
ture will blow much better than 
when the heavier flours (14 to 20 Ib. 
per cu. ft.) are used. On this basis 
a maximum of 13 lb. per cu. ft. 
has been set up as an arbitrary fig- 
ure for the acceptable density of 
flour. 

Incoming cars of flour are checked 
for density, and for green compres- 
sive strength developed in an em- 
perical mixture with standard sand. 

Variations in flour from shipment 
to shipment can cause no end of 
trouble in the core room if precau- 
tions are not taken in segregating 


Fig. 
sket 
cou 


4 (above) — Diagrammatic 
ch of combination parallel and 
nterflow sand drier and cooler. 
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tribution curve of tailing sand. 
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Fig. 6-—Views of core sand weighing and mixing equipment. 


the shipments. Moreover, if flour 
stands for long periods of time, or 
becomes damp, the green compres- 
sive strength developed by it is 
lower. 

A system has, therefore, been 
established wherein the oldest flour 
is used first; incoming batches are 
piled in rotation. Flour adjustments 
in the core mixtures may then be 
made as needed, and consistent re- 
sults obtained. 

Core Oil. Liquid core binder, pur- 
chased in tank car lots, is used in all 
of the core sand mixtures. It is 
stored in an outside tank, from 
which it is pumped to the core sand 
mixing room in the sand storage 
building. The tank is equipped with 
steam coils to keep the viscosity of 
the oil at a normal level in the win- 
ter months. 

In the selection of a core oil, a 
number of characteristics of the oil 
are considered: 

1. Economy—Oil should be eco- 
nomical on a price-green compres- 
sive strength basis. 

2. Uniformity—Shipment to ship- 
ment. 

3. Baking — Oil should develop 
and maintain its maximum proper- 
ties on the cycles and temperatures 
used in the production ovens. 

4. Viscosity — Low viscosity oils 
are preferred due to their more 
thorough dispersion through the sand 
in a minimum mixing time. 

5. Stickiness—Oil should produce 
a core sand mixture which permits 
drawing of core boxes without stick- 
ing. 

6. Gas evolution—Oil should be 
one which develops a minimum of 
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SUMING TIME IN AINUTES 


Fig. 7—Curve showing relationship 
of green compressive strength to mix- 
ing time (sigma blade type mixer). 


gas when metal is poured around 
the core in the mold. 

7. Odor—Oils with offensive 
odors should be avoided. 

8. Effect on skin—Oil with a 
strong tendency to cause dermatitis 
should not be used. 

Routine tests are made by the 
laboratory on samples of each car 





of oil. The sand laly 
two sets of tests. O; 
sists of baked tensil; 7 
specimens taken fro: a 
mix using standard ; ots rh 
in the laboratory oy fhe oa 
is identical, except that the } 
is done in producti 
latter test is a che 
characteristics of the . 
duction cycles being used 
Bentonite. This material js jee 1 
in a few core mixtur where sh 
green compressive strength js need. 
ed, and where the added hot strengs Ar 
is not detrimental. It replace . 
relatively large quantity of fl u : 
such mixes, but requires addit; ss 
oil to produce a given baked tens 
strength. The principal precay tr 
in storing bentonite is to keep j ¢y 
to prevent lumping. 
Tron Oxide. Iron oxide js used 
several core mixtures to pre 
“veining” in cored holes and, | ( 
general, produce cleaner cored 
faces in castings. ret 


Core Sand Mixing Equipment 
Mixtures and Mixture Control 

Equipment. The core sand mix. 
ing equipment is located in the sand 
storage building directly below t 
series of steel hoppers containing t! a ‘ 
dried sand. These hoppers hold fro: 0 
20 to 30 tons of sand each, and a 
refilled from the 3000-ton dry sand 


storage bin by means of the clar nt 
bucket. 
Each of the hoppers is equipped nF 


with a _ vibrating electric feeder ol 
which is used to feed sand from th be 
hopper into either of two weigh Me 
lorries (Fig. 6). Each weigh lory \ 
is equipped with a scale and an elec- ' 
tric eye device which will auto- 
matically stop the electric feeder or 
the sand hopper when the desired 
weight of sand is in the lorry. The 
lorry may then be moved along an 
overhead track to a position above 





Table 1 


TypicaAL Core SAND MIXTURES 


Mix- Benton- Iron 


ture Sand, Type Flour, Oi, Water, 
lb. and lb. qt qt. 
1800 Bank 19 11 19 
1800 Bank 16 12% 14 
1800 Bank 14 34 14 
1800 Bank 12 12 12 
1800 Bank 7 31 10 
1800 Bank 23 13 21 
1800 Bank 20 9 21 
1800 Bank 14% 22 14% 
1050 Bank 7 7% #7 


Caernaustwne = 





Green Baked 
Moisture Compression Tensile 
ite, Ovxide, Standard, Standard Standard 
Ib. per cent pst ps 
bars — 1.7 -1.9 1.4 -1.55 140-10 
_-_ — 1.25-1.4 1.3 -1.45 150-145 
— 1.25-1.4 1.3 -1.45 2924 
a gee 1.15-1.3 1.1 -1 100-125 
Je = 1.0 -1.5 0.95-1 292+ 
Si 2.0 -2.15 2.0 -2.2 120-14 
3 (18 2.0 -2.15 2.0 -2 85-100 
ee 1.3 -1.45 1.3 -1 250-275 , 
i 12-14 13-1 110-150 










































four core sand mix- 
be discharged from 
ish a butterfly valve 


xers are of the knead- 
ng two sigma-shaped 
mixer will mix 1800 
batch. After a batch 
been mixed, it is dis- 
1 conveyor belt below 
taken up an elevator 
ried by belt conveyor 
of storage hoppers in 
ically operated chute 
ister ol hoppers is used 
articular type of mix- 
The 


remotely 


the proper bin. 
the chute is 
push buttons in the 
Core sand mixtures 
rted from the storage 
ore machines by means 
on electric trucks. 
1 Mixine. Once the raw 
ive been properly pre- 
duplication of a given 
mixture, batch after batch, 
lependent upon the accu- 
shing and measuring the 
and upon the mixing 
In practice, all dry mate- 
weighed and all wet 
ire measured by volume. 
ties of the ingredients to 
for each of the 
mixtures are 


various 
core sand 
the mixing room on a large 
rd. Consequently, no excuse 
nisunderstandings between 


coreroom foremen, or 


boratory supervisor with re- 
the ingredients of a mixture. 


: prodecure is set up to: 


d sand from the weigh lorry 



























into the mixer, adding the weighed 


amount of flour to the stream. 


2. Add any other dry ingredients 
such as iron oxide, or bentonite 

3. Mix dry for one min. 

t. Add measured amounts of wa- 
ter and oil in that order. 

5. Mix additional 7 total 
using timeclock for obtain- 


min. 
8 min 
ing exact time. 
6. Discharge the batch. 
Adequate mixing time is of prime 
importance. The 
shows the relationship between mix- 


curve (Fig. 7) 


ing time and green compressive 
strength developed in a core mix- 
ture when using a mixer equipped 
with sigma blades. A number of tests 
were made in developing this curve, 


to arrive at a mixing time which 


















Fig. 9—Making a differential case 
core ona special machine equipped 
with Air-SQueeze ¢ ylinder 


would be acceptable from three 
standpoints: 

1. Uniformity of the batch 

2. Control of properties. 

}. Economy in raw materials, par- 
ticularly flour. 

From the curve (Fig. 7) it can be 
seen that only a slight increase in 
green compressive strength may be 
had beyond the 8-min. interval, but 


that in a shorter time much less 
strength is developed. Also, mixtures 
made with a shorter time interval 
have less uniformity of green com 
pressive strength. 

Obviously, by increasing the flour, 
high strengths could be developed 
quickly. However, such a practice 
has the following drawbacks: 

1. Non-uniformity of the batch 

2. Increased cost of flour. 

3. Increased flour will demand 
more moisture and will: 

a) Decrease blowability. 

b) Increase baking time 

(c) Evolve more gas in the core 
when metal is poured about it. 

Through the design of the equip- 
ment, selection and control of raw 
materials, core sand mixture control 
has intentionally been taken as much 
as possible out of the operator’s 
hands. It has long been the feeling 
that control should never be based 


on the judgment, personal whims, or 
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sense of “feel” of an operator, but 
should, on the contrary, be based on 
scientific procedures. 

A number of standard core sand 
mixtures have been developed to take 
care of the major core production 
requirements. For these mixtures, 
standards have been set up for mois- 
ture, green compressive strength and 
baked tensile strength. Representa- 
tive mixtures and the standards to 
which they are made are shown in 
Table 1. 

On each shift samples of sand 
from each type of batch made are 
tested for moisture, green compres- 
sive strength and baked tensile 
strength. The baked tensile tests are 
made on briquettes baked in the 
standard laboratory oven at 420° F. 
for 14% hours. 

Briquettes are also put through 
the production ovens at frequent in- 
tervals as a check on production bak- 
ing. On the basis of laboratory tests, 
adjustments are made by the sand 
supervisor in the various amounts of 
ingredients in the core mixture to 
maintain standards established. 

An alteration in a standard for a 
mixture is seldom made, and then 
only after a thorough investigation 
conducted by the sand supervisor 
and coreroom supervisor has indi- 
cated the need for the change. 


Coremaking Equipment 
Efforts to control core sand mix- 
tures as a means of speeding produc- 
tion of cores are nullified if core 
room equipment and methods are 
antiquated. About ten years ago our 
core room equipment and methods 
underwent a severe revamping. Fur- 
ther improvements are being made. 
Coremaking Machines. Produc- 
tion coremaking machines used in 
the coreroom may be placed in two 
general classes: 
1. Core blowing machines. 
2. Special core machines designed 





Reading (left) top to bottom: 

Fig. 10—Three-section core box 

for blowing small pin cores. 
Aluminum drier. 

Fig. 11—Core box, drier, and 
cores used in making an oil 
pump screen cover support. 
Fig. 12—Four-section core box 
for blowing 442 in. diesel piston 
head cores. 














in the plant, inclu 
roll-arounds, etc. 
Core blowing ma 
standard make, but 
tered to suit particu 


signs of the various sp 


on which many of - 
made, are based o1 
analysis studies of individ, 
jobs. Some of the feat 
rated in such designs a: 

1. Elevation of the sand ¢ 
tion above the box so that it ma 
scraped into the box for filling rather 
than scooped up and lifted in 

2. Use of grating for remo 
excess sand from bench 

3. Counterweighting and piy 
of core boxes and equipment 
ease in rolling over or lifting 

4. Convenient and definite 
ment of auxiliary materials used ; 
making the core (rods, chills. et 

5. Convenient and definite pla 
ment of all working tools such a: 
rammers, hammers, vent wires 
hoses, etc. 

Such features of design, together 
with the instruction of the operator 
in the prescribed motion paths, hay 
been instrumental in securing high 
production and uniformity of cores 
with minimum fatigue of the oper- 
ator. Figures 8 and 9 show two type: 
of special machines being used at th 
present time. 

Core Boxes, Driers, and Plat 
The major portion of the core boxes 
used are made of cast aluminun 
with brass parting strips. Steel plates 
and inserts are employed in positions 
on the boxes where wear or erosion 
is encountered. Some of the boxes 
used in production of large quanti 
ties of small cores, and which maj 
be suitably counterweighted in the 
machine, are made of gray iron 

Core driers are made of cast alum- 
inum. Two kinds of core plates 
steel and asbestos fibre boards, are 
in general use. Figures 10 to 19, in- 
clusive, show a series of core boxes, 
driers, and cores representative o 
those in use at this plant 


Core Baking 


Ovens designed for greatest 
baking efficiency and sp« are need- 
ed to produce large volumes of cores 
at low cost. Heating equipment lor 
the ovens must be designed to & 
velop every core with a : dly mov- 
ing stream of hot air w)°h 1s até 
temperature sufficient ake the 

igh that 


core rapidly and yet not 

























outside of the core 
de is baked out. 
hows a diagrammatic 
batch oven equipped 
of the recirculation 
the path of the hot 
eating equipment used 
type and also the con- 
vens in the coreroom 





ystem. 
fast baking in a system 
es in having plenty of 
he recirculating fans to 
d change of gases in the 
r to transfer the heat to 

t low delivery tempera- 

; mperature head). 

Selection of the type of oven to be 
fluenced by a number of 

as the type, size, and 

ber of cores to be made, the 

ds of making and handling 

the particular layout of 

oreroom with respect to floor 

In this particular foundry all 

of the common types of ovens 

zontal, vertical, and batch) can 
ised to good advantage. 

Horizontal Oven. A new horizon- 
oven, similar in design but of 
ter capacity than the old one, 
been installed recently. Inas- 

ch as a great many coremaking 

may be placed next to the 
nveyor, core handling and break- 
sts are reduced to a minimum 





th this type of oven. 
[ts principal use in this shop is for 
ll cores which will bake out on a 

ycle. Blow machines and other 
roduction machines are arranged 
along two sections of the conveyor, 
‘shown in Figs. 17 and 18. 

he oven proper is approximately 
© it. long, by 13 ft. wide, and is 
evated to allow the use of floor 
pace below it. A steel shroud ex- 
nding beyond the exit door of the 
ven has been provided to permit 
xhausting of much of the objection- 
able smoke arising from freshly 












right) top to bottom: 
My Large differential car- 
res, representative of 





cores made in this 
foundry. 





*—Core box, and core 
king pinion bearing cage 
casting. 





Steering gear housing 
box, drier, and cores. 
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Fig. 16—Batch type core oven 
equipped with recirculation type 
heater. 


CORE -/IAKHING 


ANO LOADING 





h 
CHARGE ENO~|\|; 
5 


COOLING ZONE 





MALLEABLE FouNprRyY Cop; 


part of the baking section governs 
the firing of these heaters. The other 
three heaters are similarly grouped 
on one manifold and are fired in 
response to a control thermocouple 
located in the midpoint of the bak- 
ing section. 

Use of two control points provides 
a close temperature control within 
the oven, and also is particularly 
valuable during stopping, starting, 
breakdowns and lunch periods; these 
interruptions in the cycle cause seri- 
ous upsetting of temperatures in cer- 
tain portions of the oven which, if 
not so adequately controlled, would 
result in underbaked or overbaked 


siies 
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baked cores, and to speed core cool- 
ing to permit handling. 

Of the 89 racks on the conveyor, 
37 are in the baking section of the 
oven, and the remainder in the cool- 
ing section and at floor level in va- 
rious stages of loading and unload- 
ing. Each rack is designed to carry 
an average load of 500 Ib. of cores 
in addition to the weight of plates 
and driers. Figure 19 shows a close- 
up view of the racks. 

Conveyor travel is intermittent, 
the distance which the racks move 
each time being equal to the dis- 
tance between rack hangers. Each 
movement is started by an electric 
repeating interval timer, and_ is 
stopped by a limit switch actuated 
by the passage of another rack. 

The oven is equipped with five ex- 
ternal heaters of the recirculation 
type previously mentioned. The first 
two heaters are supplied from a com- 
mon gas manifold. A control ther- 
mocouple located in the forward 


V/EW-AA 


aa 














cores. Normal temperature settings 
of these controllers are 450 and 
470° F. 

Baking time in the oven is gov- 
erned by the setting of the re- 
peating interval timer, which, as 
previously mentioned, determines 
the frequency of movement of the 
racks. The normal timer setting of 
2 min. means about 1% _ hours 


(S7X2_ .,, . es 
“a 1% hr.) baking time in 
the oven. 


Vertical Core Ovens. Three ver- 
tical core ovens of almost identical 
construction are in use (Fig. 20). 
These ovens have been especially 
economical in the production of 
medium and large size cores such as 
differential carrier cores; in this case 
the tonnage production per core- 
making machine is sufficiently high 
to permit full loading of the oven 
directly from a few machines located 
in the limited space at the entrance. 

Each of the vertical ovens is ap- 











proximately 70 ft. 
and occupies a floor 

Of the 26 racks , 
20 are in the over ew, $ 
zone, 5 in cooling z ~s 
mainder, four are i; 
the loading position 
unloading position. 
carry a total of appr 
lb. of cores, plates, a 

Conveyor travel ntey 
and is regulated by timer 
limit switch in the sa | 
the horizontal oven. 

In the case of the vertica| 
the heater is built-in rather thay }, 
ing external. However. th: 











Fig. 17 (left)—Plan 
zontal core ove 
Fig. 18 (above )—View of coreme = 


ing station and conveyor 





zontal core oven 
Fig. 19 (below )—Unloading 
cores from conveyor racks of | 


zontal core oven ta ¢ 


tial 
ran 
cyc 


tur 





¥ 




















- 


LAHAU ST 
_STACH 





s THERMOCOUPLE 





- 
































I 


BAFFLE 


COQOL/NG AIR 
T\MLETS 


- VY EXHAUST 
STACA 


UNL OADING 
SIDE. 





























MACHINES S ~~ 











CORE 











Fig. 20—Cross sectional views of vertical core oven. 


recirculation of gases is similar 
that of the other ovens. Firing of 
the twin burners is regulated auto- 
matically by a single oven thermo- 


couple 


and temperature control 


instrument. Three-quarters of the 
space in the oven is devoted to heat- 
ing and one-quarter to cooling. Air 
for cooling is pulled into the oven 
by means of a large fan. 

Normal oven control temperature 
settings (when making the differen- 
tial carrier and similar size cores) 
range from 410 to 420° F. Normal 


cycle t 


ime is 4 hrs. (3 hr. heating, 


| hr. cooling). The setting of the 


timer 


lor this cycle is 6 min. (the 


conveyor moves twice for each rack, 


2X2 
: 6 
Bat 
equiy 
heat 
Auto 
ulate 


<S. 4 hr.) 

Ovens.—Six batch ovens 
1 with recirculation type 
are in service (Fig. 17). 


tic temperature controls reg- 


oven temperature and keep 





the delivery temperature within safe 
limits. The principal use of these 
ovens at present is the baking of 
extra large cores, or odd lots of cores, 
not suited to the cycles being run 
on the horizontal and vertical ovens. 
Conclusion 

The author has intentionally de- 
voted a major portion of this article 
to description of this foundry’s equip- 
ment and to basic controls. It is 
his personal opinion that in many 
cases too little consideration is given 
to the design and control features 
of coreroom installations. In such 
instances, it is next to impossible to 
exercise the basic controls essential 
to the process, despite use of the 
most elaborate testing equipment 
that money can buy. On the other 
hand, when the installation is good, 
and it is well operated, a compara- 
tively few well chosen control pro- 
cedures are sufficient to maintain a 
high standard of control. 
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DISCUSSION 

Chairman: R. J. ANpEerson, Belle City 
Malleable Iron Co., Racine, Wis 

Co-Chairman: D. I. Dosson, General 
Malleable Corp., Waukesha, Wis 

F. L. Harris I understand the sand 
mixes you referred to were practically 
all bank sand mixes 


Mr. CLark: Yes, that is correct 


Mr. Harris: Have you any idea what 
hot strengths you get with the different 
sand mixes? 

Mr. Crark: No, I do not 

Mr. Harris: I notice vou use a lot 
of oil mh sone of your mixes In some 
you use bentonite which increases the 
hot strength. I am wondering what we 
are going to do when corn flour becomes 
unavailable 

Mr. Criark: Frankly, I do not know 

Mr. Harris: Do you know from ex- 
perience that the tensile strengths of 
those mixes are the results you are look 
ing for? Do you not have excessive hot 
tears? 

Mr. Crark: That is right. We gage 
the mixture by the castings we are mak 
ing in the foundry. We try to carry as 
high a tensile strength as we can without 
causing cracking and hot tearing, be- 
cause it does allow us to handle the cores 
with a minimum of scrap loss due to 
handling 

Me. Harris That is what most of 
us have done, but now we are confronted 
with the possibility of running out of 
corn flour Recently we started some 
tests to see if there was a_ substitute 
material that would result in the same 
or nearly the same properties as effected 
by corn flour. 

We knew only from experience that 
the cores were all right, but we did not 
know what the core hot strengths actu- 
ally were. We have since found out what 
the hot strengths were. Substitute ma- 
terial is available for the necessary green 
strengths, the majority of them, however, 
result in high collapsibility and hot 
strength. Substitute materials do not 
equal the green strength and collapsibil- 
ity properties of corn flour. It is going 
to be a serious problem for those who 
have high collapsibility in the cores and 
produce castings with heavy and light 
sections combined. 

Mr. Crark: That is right. Many 
foundries get much of the baked tensile 
strength from the corn flour, which also 
promotes collapsibility. 

Mr. Harris: You mentioned that in 
your horizontal oven the cores go through 
a 1%-hr. cycle. At what temperature? 

Mr. Crarx: That is 450° F. on one 
thermocouple and about 470° F. on the 
other. Those are standard temperatures 
in the oven. 

Mr. Harris: Is that on the smaller 
core? 

Mr. Criarx: That is on small cores 

Mr. Harris: On the larger cores I 
think you mentioned a 2 or 3-hr. cycle. 

Mr. Crarx: The larger cores are 
baked from 2 to 4 hr. at 420° F. 

Mr. Harris: Would that include car- 
rier cores? 
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Mr. Crark: The carrier cores would 
run about 4 hr. 

MemBer: Do you make a daily grain 
size check on this composite sample? 
What would you do should the distribu- 
tion deviate too far from the desired 
point? 

Mr. CrarK: We would have to ex- 
amine the curve and determine how far 
it shifted out of line and whether the 
shift came on the grain sizes or at a 
point in the curve where it was going to 
give us trouble. In plotting the distribu- 
tion curve we particularly watch the 
shape of it. If we had the day’s run of 
sand in the bins there would be little we 
could do about it, but use it and try to 
make adjustments accordingly in the core 
sand mixture. If it shifted very much we 
would immediately complain to the sand 
supplier. 

Mr. Harris: Was the mix which had 
around 31 or 35 quarts of oil used for 
your skim cores? 

Mr. CLARK: Yes. 

Mr. Harris: Do you bake that core 
in your horizontal oven or vertical oven? 

Mr. Criark: In the horizontal oven. 

Mr. Harris: Do you make it with 
that much oil? 

Mr. Criark: Yes. It is a very light 
core, less than '/2-in. thick and _ perfor- 
ated. 

D. F. SAwWTELLE’: I made a quick cal- 
culation on that core mix, and I think 
the percentage of oil is a little over 3 
per cent by weight. Statements have 
been made by people investigating core 


2Malleable Iron Fittings Co., Branford, Conc 
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oil mixes that cores with over 2'%2 per 
cent oil will not bake thoroughly. If that 
high amount of oil is used for strength, 
could not that same end be arrived at 
by using less oil, but perhaps a little 
more clay? Then you would have a core 
which would thoroughly bake and still 
give you the needed hot strength? 

Mr. Crark: I do not know whether 
we have ever tried that. I do think that 
the skim cores are thoroughly baked. 
They are a perforated core with a very 
light section. 

Do you know whether we have ever 
tried using clay or bentonite in that skim 
mix, Mr. Morrison? 

CHARLES Morrison*: Yes, we have, 
but there is no point in it. The clay 
consumes more oil. The tensile strength 
drops, and you have to add more oil. 

Mr. CLarK: You would have to add 
more oil to take care of the clay. 

Mr. Morrison: It makes a more dif- 
ficult mixture to use in the core box, too. 

Mr. Crark: That is made in a gang 
roll-over core box. 

Mr. SAWTELLE: You would be inter- 
ested in strengthening a core like that at 
high temperatures. Do you think the 
mix, using the clay, would give you a 
higher strength at high temperatures, 
than the mix using oil and sand? 

Mr. Criark: That particular mix is 
the only one that we have for skims. If 
we keep it up to the proper strength, we 
do not have disintegration. That core 


is an important core, because if it dis- 


*%Saginaw Malleable Division, General Motors 
Corp., Saginaw, Mich. 


integrates during the | 
ings result. 
It has been very sat 
time we used silica sar 
wa sand in that partic 
have gotten by very w 
we keep the strength u 
sand and preponderanc: 
Mr. Morrison: The 
use clay in that core 
32-gang core box havir 
If we put clay in the n 
to add additional water 
which results in a mix 
neither ram nor jolt prop 
box. As a matter of fact 
this particular core out 
has no flour or water a 
thing we want to use in it 
we know it would give goo: 
is clay, because it creates 
duction problem in core making 
Mr. CiaRK: The green strength , 
that production job is down to a poy, 
or less and the mix is quite dry. 
Mr. SAwWTELLE: In steel found 
practice many times more oil js added 
to produce a stronger core. Oftenti; 
they go to such extremes that they 
defeating the purpose. The core oil 
tent becomes so high that the cores ¢ 
not bake satisfactorily. That is not ¢ 
recommended way to get hot strengt 
Mr. Criark: That is true. We di 
want to use any more oil than is n 
sary on cores merely from the standpoi: 
of gas formation, particularly in ste: 
foundry practice. A number of st 
foundries use nearly all bentonit 
cause it keeps the gas content dowr 











rostructures of cast bronzes. 
50 per cent HNO, solution. 
al cast at 1150° C. (B) Gun 
50° C. above liquidus. (C) 
' per cent) bronze cast at 1150 
~ ID el-tin (3 per cent) bronze cast 
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MECHANICAL PROPERTY DISTRIBUTION 


IN SAND 


By R. H. Brouk, Ensign, U.S.N.R., 
R. G. Hardy, CSp(X), 
and B. M. Loring, 
Naval Research Laboratory, 
Anacostia Station, Washington, D. C. 


| [ IS generally recognized that the 
mechanical properties of large 
gs are not necessarily equal to 
echanical properties of the 

tely cast coupon, and may 
from section to section in the 
isting. This is especially true 
stings of the tin bronzes which 
pronounced coring and which 
possess an inherent tendency 
dispersed microshrinkage. 
[he composition of the bronze, 
indry practice and the design of 
sting appear to have important 

es on the distribution of the 
porosity, which in turn affects 
properties. Little 
lormation is available regarding 
rrelation of these variables 
tin-bronze 


echanical 


ie properties of 


[he purpose of the present in- 
tion was to study the effect 
position on the variations in 
ical properties in a heavy 
Oro1 casting. Five different 
were cast in heavy blocks 


aper was presented and dis- 
t a Brass and Bronze Session of 
th Annual Convention, Ameri- 
drymen’s Association, in Cleve- 


10, 1946. 








and in separately cast coupons. The 
blocks were then sectioned so that 
corresponding locations could be 
studied with respect to micro- 
structure, grain size, specific gravity, 
chemical composition and mechani- 
cal properties. 

Previous investigations have been 
limited to single compositions of 
bronze because of the great amount 
of time and labor involved. Rowe’, 
in his investigation of an alloy of 90 
per cent copper—10 per cent tin, 
has shown that the effects of micro- 
shrinkage on properties may be mini- 
mized by a high rate of solidification. 
Rapid freezing gave finer grain size, 
greater hardness and higher density. 


CAST BRONZES 


Rowe favored high rates of solidifi- 
cation along with low casting tem- 
peratures 

Rahm?, in his 
hydraulic bronze, reported that grain 
size had little effect on the mechani- 
cal properties and that the density 


investigation of 


was a more important factor. The 


investigation was made on castings 


* An investigation of variations 
in the mechanical properties of 
various bronze alloys as affected 
by chemical composition. The 
opinions expressed herein are 
those of the authors and do not 
necessarily reflect the views of 
the Navy Department. 
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2%4 in. square and weighing 50 |b. 
each. The best properties occurred 
at the corners of the casting and 
were below the tensile properties of 
the test coupon as separately cast 

Pearson and Baker® made a care- 
ful investigation of tin bronze 
(90:10) and phosphor bronze. The 


maximum density of the tin bronze 


was obtained by melting and cast- 
ing in nitrogen and in a vacuum 
Unsoundness was associated with the 
long freezing range of the bronze 
and was said to exist in the form 
of inter-dendritic fissures which in- 
creased in magnitude in sand cast 
(slowly cooled) bronzes. The vari- 
ations in tensile. properties in an 
ingot of tin bronze were related to 
concentrations of porosity. 


Experimental Methods 

(a) The Coupon and Casting 

The separately cast coupon, shown 
in Fig. 1, is of the type required for 
gun metal, valve bronze and 
hydraulic bronze. It was gated at 
one end and two bars per mold were 
poured from a common runner. 

The casting (Fig. 2) selected for 
the study of mechanical properties 
was a solid block, 8x6x3 in., horn 
gated as shown. The mold was 
titled at an angle of 10 degrees dur- 
ing pouring, with the riser end 
lowest. The mold was then tilted 
in the opposite direction at an angle 
of 10 degrees to the horizontal dur- 
ing the period of solidification. 

There was a tendency for micro- 
shrinkage at the center of the block 
for certain compositions of bronze, 
showing that the test was selective. 
The nominal compositions of bronze 
studied were as follows: 


Composition, per cent 
Cu Sn Zn Pb Ni 


Gun Metal 88 9 ee 

Valve Bronze - @5S 3 13. w. 
Hydraulic Bronze 85 5 SS a 
Nickel-Tin Bronze 88 6 a, in OS 
Nickel-Tin Bronze 88 3 3 6 


(b) Foundry Practice 

The following metals were used in 
making the alloys: Grade A copper, 
electrolytic nickel, electrolytic slab 
zinc, Straits tin, and lead of high 
purity. The furnace charges con- 
sisted of the virgin metals, copper- 
nickel master alloy and scrap of 
known composition from previous 
heats of virgin metal. A lift coil in- 
duction furnace with a clay-graphite 
crucible was used for melting. 

The surface of the molten bronze 
was exposed to the atmosphere, but 
the melting was rapid in order to 






Fig. |—Separately cast 

coupons of type required 

for gun metal, valve bronze 
and hydraulic bronze. 


CHEMICAL COMPOSITION 


Location 


Heat of 
No. Specimen Cu 
1G Coupon 88.23 
2G A 88.60 
B 88.76 
C 88.33 
3G A 88.16 
B 88.51 
C 88.51 
4G A 88.12 
B 88.41 
Cc 88.22 
5M Coupon =‘ 87.61 
6M A 87.56 
B 87.90 
C 87.82 
7H A 84.88 
B 84.96 
C » 84.96 
8G-3 Ni Coupon 87.61 
9G-3 Ni A 88.91 
B 89.05 
Cc 88.66 
10G-3 Ni A 88.21 
B 88.28 
Cc 88.24 
11G-6 Ni A 89.06 
89.05 


*Zinc by difference 





Fig. 2—Solid block casting, 
8x6x3 in., horn gated, for 
study of mechanical prop- 
erties of various bronzes. 
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| 
Fig. 3—Sketches showing location of test specimens. 
(Top—left}) Removed sections show location of tensile 
specimens. (Above) Location of reference plane. (Left) 
Crosshatched areas indicate location of metallographic 
Cc and microradiographic test specimens. 
= * | 
' 
PLANE A-A 
| 
vent excessive oxidation. At tensile specimens, as shown in Fig. possible to the gauge lengths of the 
0° GC. (2190° F.) an addition of 3, also served for Brinell hardness respective tensile test specimens in 
| hosphor-copper (10 per cent and specific gravity measurements. order to insure good correlation. The 
hosphorus) was made. Then the Samples from adjacent positions Brinell hardness was taken on cross 
elements were added _ to were used for the grain size study, sections of the threaded ends of the 
the composition, together chemical analysis, hardness survey machined tensile test specimens 
second addition of phosphor and metallography. themselves. 
er (Table 1). An attempt was made to take all The samples for chemical analysis 
, eo 1 ; > oe a 5) > q < ce ‘ ‘ . : , . ° a . ~bL 7 re - 
The heuniets amin cna ad S100" C. of the measurements as closely as came from the 1/16 in. thick layer 
2100" F.), and several were cast at 
proximately 50°C. (90° F.) T T T . T T T T 
hove the experimentally determined 
' —_ 2 —aA 
iidus. The test coupon was cast 00 F pe til a 
rt and the block immediately os 
er. The sprue was kept full gn 
that the rate ste rj ws — " 
hat the rate of metal flow into a yave'g — ™ a 
old cavity would be constant a x 
h casting. The riser was aa c Pt ° 


red with an anti-piping com- 


und 
[he molds were prepared from 
\lbany green sand (Grade 1) with 
‘bout 6 per cent moisture. The 
reen compressive strength was 4 to 
4 psi. and the A.F.A. permeability 
vas 22. The molds were air dried 
«+ hr. before casting. 


Investigation of the Block 


Or radiographically sound 
dlocks | penetrameter 14% per cent) 
were tioned for the mechanical 


; 


ests. [he material taken for the 
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Fig. 4—Liquidus and solidus of Cu-Ni-Sn-Zn alloys of 88 per cent Cu, 3 per cent Zn, 
9 per cent (Ni -+- Sn). 
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machined from around the periphery 
of the gauge length, and the specific 
gravity was determined from the 
machined tensile test specimens. 
The specimens for microscopic ex- 
amination were taken from a point 
not more than 3/16 in. from the 
center of the gauge length of the 
tensile test bars. After the photo- 
micrographs had been taken, the 


etching on the specimens was re- 
moved by light polishing and the 
polished surace was then mounted 


face down on a steel holding plate. 

The back of the specimen was 
then removed by milling and grind- 
ing until a thin slice 0.0025 in. thick 
remained. The thin slice was micro- 
radiographed with iron radiation 
and fine-grained spectroscopic film. 
By this means, the photomicrographs 
and microradiographs utilized were 


MECHANICAL 


Fig. 7—Photomicrographs of test bars cut 
from center and surface of blocks cast at 
1150° C. Magnification, > 75. Etchant, 
NH,OH -+- H.0, and alcoholic solution of 
Fe Cl,. (A) Gun metal at surface (B) Gun 
metal at center. (C) Hydraulic bronze at 
surface. (D) Hydraulic bronze at center. 
(E) Nickel-tin (3 per cent) bronze at sur- 
face. (F) Nickel-tin (3 per cent) bronze at 
center of block casting. 





POURING TEMPERATURE = 1150°C, 
HEAT NO. lOG 
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POURING TEMPERATURE = |100°C, 
HEAT NO. 9G 
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DRAG 


Fig. 6—Hardness survey of cast block. Nominal composition, 88 per cent Cu, 3 per cent 
Zn, 6 per cent Sn, 3 per cent Ni. 
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Fig. 8—Microradiographs of test bars cut 
from center and surface of blocks cast at 
1150° C. Magnification, 75. lron radia- 
tion — 35 kv. (A) Gun metal at surface. 
(B) Gun metal at center. (C) Hydraulic 
bronze at surface. (D) Hydraulic bronze at 
center. (E) Nickel-tin (3 per cent) bronze 


showed no clearly at surface. (F) Nickel-tin (3 per cent) 
arrest by this bronze at center of block. 
temperature 
Table 2 


PROPERTIES OF SAND Cast Bronze Test Bars 


Location 


of 


Test Bar 


( 


oo 


= 


~ 


— 


_ 


a 


a 


_— 


oupon 

A 

B 

C 
soupon 

A 

B 

C 
joupon 

A 

B 

Cc 


soupon 


Qw> 


soupon 
A 
B 
Cc 


soupon 
A 
B 
Cc 


soupon 


soupon 
A 
B 
Cc 


soupon 
A 
B 
Cc 


soupon 


B 
Cc 


Pouring 
Tempera- 
ture, °C. 


1150 


1100 


1050 


1150 


1150 


1150 


1150 


1120 


1100 


1150 


1150 


Tensile 
Strength, 
pst 
41,800 
42,400 
30,800 
43,900 
42,000 
45,200 
32,300 
44,100 
49,700 
41,700 
40,150 
53,700 
49,700 
49,700 
38,800 
45,800 
39,900 
38,800 
28,100 
39,100 
42,400 
39,800 
31,700 
41,300 
38,700 
35,700 
27,100 
31,100 
46,000 
43,400 
40,000 
48,400 
42,900 
49,900 
48,800 
49,050 
47,700 
43,400 
41,300 
43,800 
42,800 
43,750 
39,900 
41,600 


Mechanical Properties 
BH 


Elongation, 500 kg. load Specific 
per cent 10 mm, ball Gravity at 
im 2 in, 30 sec 20 °C. 

25.5 69 8.578 
55.0 78 8.679 
24.0 57 8.410 
40.0 69 8.664 
23.0 72 8.726 
60.0 74 8.789 
26.0 65 8.558 
35.0 72 8.736 
33.0 72 8.842 
23.0 77 8.787 
24.0 74 8.814 
68.0 74 8.824 
46.0 74 8.771 
63.0 74 8.691 
52.0 69 8.507 
54.5 63 8.706 
38.0 63 8.547 
36.0 63 8.613 
35.5 50 8.377 
50.0 80 8.710 
36.0 65 8.752 
66.5 61 8.796 
28.0 57 8.687 
45.5 59 8.804 
36.5 58 8.861 
36.5 57 8.855 
25.0 52 8.780 
26.0 56 8.852 
38.0 68 8.845 
50.0 65 8.851 
34.0 65 8.841 
43.5 69 8.883 
27.5 74 8.832 
29.5 72 8.883 
25.0 69 8.828 
57.5 77 8.878 
50.0 69 8.787 
50.0 69 8.718 
46.0 63 8.742 
47.5 69 8.750 
34.0 69 8.821 
38.0 72 8.807 
36.0 69 8.806 
38.0 72 8.822 
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was determined by microscopic ex- 
amination for incipient melting in 
samples that had been cold worked 
and held for 24% hr. at various 
temperatures before quenching in 
cold water (Fig. 4). 

Some representative data showing 
the effect of pouring temperature on 
the grain size and the distribution 
of hardness in gun metal and nickel- 
tin bronze are shown in Figs. 5 and 
6. Low pouring temperature is re- 
sponsible for fine grain size and more 
uniform hardness throughout the 


block. 


Discussion of Data 

In Fig 5, the centerline at the 
junction of large grains disappears 
at low pouring temperature. In Fig. 
6, the hardness is shown to vary not 
more than 6 Brinell numbers when 
the nickel-tin bronze is poured at a 
temperature of approximately 50° C. 
above the liquidus. 

The influence of composition on 
the distribution of porosity is illus- 
trated in Figs. 7 and 8. The photo- 
micrographs were taken at positions 
A and B (Fig. 3) of each block. The 
microradiographs in Fig. 8 and the 
photomicrographs in Fig 7 were 
made of the same samples. 

Porosity in both figures appears 
as black angular shapes. The micro- 
porosity which is evident in all three 
bronze compositions occurs adjacent 
to the low melting constituents in 
the interstices of the dendrites and 
grain boundaries. The microradio- 
graphs show further that lead in 
hydraulic bronze tends to fill these 
cavities. This is perhaps the reason 
for the high density of the hydraulic 
bronze at the center of the block. 


Lead Distribution 
The distribution of the lead which 
occurs as a network between 
dendrites in this causes 
nearly as much loss in mechanical 
strength, however, as do the 
voids in the center of the heavy 


location 








The 


nickel-tin bronze has the most uni- 


section of the gun metal. 
form distribution of microporosity 
with no tendency for the intercom- 
municating type shown by gun metal 
and hydraulic bronze. The narrow 
solidification, range of the nickel-tin 
bronze is a beneficial factor. 

The differences in mechanical 
properties between the separately 
cast coupon and the casting largely 
depend on the composition and 
pouring temperature of the bronze. 
metal, bronze, and 
hydraulic bronze, cast at 1150° C. 
(2100° F.) had a greater variation 
in mechanical properties than the 
nickel-tin bronzes with 3 to 6 per 
cent of nickel. 


Gun valve 


Lower casting temperature im- 
proved the soundness of gun metal 
and the nickel-tin bronzes, but the 
effect of differences in composition 
was still The tensile 
strength and elongation of selected 
heats (Table 2) 1150° C. 
(2100° F.) may be summarized as 
Table 3. 

The nickel-tin bronze containing 
3 and 6 per cent nickel has less vari- 
ation in properties between the sepa- 


apparent. 
cast at 


shown in 


rately cast test coupon and cast- 
ing and in different parts of the same 
casting. In casting heavy sections of 
this bronze, good foundry practice 
deoxidation 
methods are important if adequate 
mechanical properties are to be ob- 
tained. 

The pouring temperature should 
be low without causing cold shuts 
or low fluidity. A special attempt 
should be made to secure directional 
solidification in the heavy section 
and feed the section with adequate 
risers. 


as well as proper 
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Table 3 


TENSILE STRENGTH AND ELONGATION- 


Separately Cast Bar 


Tensile Elongation, 

Heat Strength, per cent 

Alloy No. psi. in 2 in. 
Composition G 1G 41,800 25.5 
Composition M 6M 42,400 36.0 
Red Brass 7H 38,700 36.5 
Ni-Sn Bronze 10G 47,700 50.0 
Ni-Sn Bronze 11G 42,800 34.0 





SANpb Casr BRONZES 


Center of Block Top Corner of Black 
Tensile ‘longation, Tensile Elongation, 
Strength, per cent Strength, per cent, 

pst. in 2 in pst. in 2 in. 
30,800 24.0 42.400 55.0 
31,700 28.0 39,800 66.5 
27,100 °° 25.0 35,700 36.5 
41,300 46.0 43,400 50.0 
39,900 36.0 43,750 38.0 
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WIRTSCHapr 


DISCUSSION 


Chairman: G. P. H 
Kramer & Co., Chicago 

Co-Chairman: A. H. H: 
& Sons, Inc., Chicago 

G. M. THraAsHer': The 
in my mind about the typ 


author has on the large bloc} 


It seems inadequate for t! 
block. In a casting of that 
the feeding conditions n 


and lack of chilling in a thir 


seems to me that the rise 
higher to tak: 
microshrinkage in the cente: 
ing. 


heavier or 


r 


t 


\ 


+ +) 


ol 


Mr. Brovuk: That is perhaps t 
planning the program for this ir 


tion, several techniques of riserir 


However, 


gating were proposed 


block was radiographed and 
blocks that were radiographically 
sts 


were used for subsequent t 


sound castings were rejected 


Mr. THRASHER: Would you show t 


} 


or 


actual composition of the different 


as cast? 

Mr. Brouk: 
various bars is shown in 
inverse 


bloc k 


apparent that 
occurred within the 
melting constituents 
eutectoid and free lead hav 


leaving deficiencies of the constituents 


the center of the block. This 
count for the lower mechanical | 


ties in the center; however, 
the low properties at the 


be attributed to the microsegreg: 


to porosity. 


iT 


rte 


Mr. TuHrasHer: In most 
evident that the copper is hig! 


other elements somewhat 
center of the bar (Coupon 

Mr. Brovux: That is th 
verse segregation. 

Mr. TurasuHer: I have 
be the case in separately « 
For instance, there is one « 
chemist attempted to tak: 
surface of the test bar afte: 
(taking the last shavings 
analysis. The copper app 
for the specification, and 
and when he cut the cr 
the same bar, it came wit! 
cations. 


iO 


B 


segregated 


‘ 


The compositior 
Table 


segregatior 


I 


we 


he 


composed of 


ld 


wou 


1 nrop 


y 
rea 











I am assuming the sec- 
round 





ipon was ¥% in 
nverse segregation taking 
itself, so a better sample 
nalysis would be the bar 


he D \f wer: You mean the cross- 
Ph il 

P f EY In regard to the in- 
H : ¢ on, is it not always asso- 


n the metal? 


er, WA ue | I would hesitate to con- 
nze Cg ; egation is always associated 
fetals, y s have been made of chilled 


th thin and thick sections, 
d for porosity. Many were 
yet by chemical analysis, 
von os tion was evident. In other 
;, was higher at the surface 


e presence of gas augments 
gation. It must, because the 
he gas coming out of solution 
ww melting alloys that are 
juid state to the surface of 
This takes place within the 
range 

Mr \SHER: I have seen cases 
5.5-5-5, running, as it sometimes 
vy as 4.30 per cent tin, with 
the 5 per cent or a little 
( id and normally 5 per cent 
viene Ag wh ist in some small castings, 
. vhen fractured, shows a pic- 
structure and tears at the 
owing a coppery color. While 
nough zinc to balance off the 
tin, it comes out almost a uniform 
with gray all the way through 

out inverse segregation. 


Mr. Broux: We have experienced the 

rvation. 
Me. TuHrasHer: The vapor pressure 
nec seems to drive out the gas 
be absorbed there. The vapor 
of the zinc is pretty high. Espe- 
wl casting at a temperature of 
F., the vapor pressure is approxi- 

} psi 

CuaiRMAN HALLIwe.t: This question 
gas porosity is one that is very inter- 
ng and baffling. As better methods of 
ng and founding are developed, im- 
ie nt in mechanical properties gen- 
wuld y result. However, fractures which 
sound may show considerable pin 
porosity by means of the micro- 


nograph 


If gas is assumed to be a cause of 


verse segregation, an apparently dense 
, ture would be no criterion for the 
‘ of inverse segregation, since the pres- 





R. G. Harpy AND B. M. Lorinc 


ence of microporosity as shown by the 
microradiograph indicates that some of 
the factors which may influence inverse 
segregation are stil! present 

Mr. Brot K: That is true The un- 
sound, rejected castings were examined 
by fracture and in each case, the broken 
surface was multicolored. However, the 
sound castings showed a fibrous frac ture 

Mr. Turasuer: In the last instance 
I mentioned with samples having a cop 
pery color center, I made the density 
determination myself. The one which I 
treated with zinc in the next heat with 
the same original composition, I made 
density fourth 
decimal place and found in the one in- 


determinations to the 


stance the density was only approximately 
8.6, whereas it was 8.8 in the treated 
bar, which had about 7 per cent zine 
instead of 5 per cent 

E. Portman’: This paper points out 
quite conclusively that the nickel bronzes 
are better suited for pressure casting than 
gun metal, and I have found that to be 
true in actual casting practice. I did 
notice in Table 1 that the deoxidation 
practice for nickel-bronze requires about 
three times as much phosphor-copper as 
does gun metal and that, I believe, is the 
secret of good results. 

Mr. Brovux: Caution should be taken 
because nickel-tin bronzes tend to rim 
as seriously as the Monels, so care should 
be practiced in degassifying with phos- 
phor-copper, as we have done, or in some 
cases with magnesium. If the operator be- 
comes experienced in this technique, he 
can produce a pressure tight casting with 
these nickel-tin bronzes. 

E. J. Boyie*: Would you not expect 
these large castings to have inferior prop- 
erties as compared to the separately cast 
coupons purely on a grain size basis, 
that is, much coarser grain size in the 
heavy castings because of the slower 
solidification ? 

Mr. Brovux: I do not believe so. We 
have had gun metal with tensile strengths 
as high as 48,000 psi. and 75 per cent 
elongation at the surface of the casting 
where the grain size was very large and 
columnar. The separately cast bar had a 
44,000 psi. tensile strength with columnar 
grains but smaller in size. The center of 
the block was but 37,000 psi. The only 
conclusion made was that the distribu- 
tion of mechanical properties is more 
uniform in castings of equi-axed grains 
than in columnar grains. There is much 
to be done to evaluate properly the effect 
of grain size on the properties in sand 
castings. 
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Mr. Boyie: I think you could get 
inverse segregation without gassing the 
metal, merely because of the contraction 
of the metal, the contraction forcing the 
lower melting constituents to the surface 

Mr. Brovux: Yes, that is microshrink- 
age. When the lower melting constituents 
start to solidify at the surface of the cast- 
ing, the only available feed metal is that 
metal in the center of the casting. These 
small reservoirs are tapped by the con- 
traction demand of the solidifying alloy 
It thus leaves areas void of metal, par- 
ticularly when the low melting constitu- 
ent is entrapped by massive dendrites 
which obstruct the flow of feed metal 
That s 
porosity 

MEMBER: 
poured two coupons in the same mold 
through one gate, using Navy “G"’ Metal 
What causes one to pull 3,000 or 4,000 
strength than the 


microshrinkage without gas 


During the last war, we 


psi. more in tensile 
other bar? 

Mr. Brovux: I wish I could answer 
that. We have experienced the same 
thing, but I do not think 3,000 or 4,000 
psi. difference in tensile strength is seri- 
ous. It is rather difficult to explain differ- 
ences greater than 5,000 psi. There are 
just too many unaccounted factors that 
are rather difficult to isolate when cast- 
ing test bars. 

MemBer: We just took the average 

Mr. Brovux: 


causes in a test coupon, such as inclu- 


There could be many 


sions, cold shuts, mis-runs, moisture, sand 
properties and a host of others 

MemsBer: We poured these all in the 
core. We poured both of them together, 
using the same gate. The only dividing 
line was the levelness of the core 

Mr. Brovux: I do hope that the test 
bar design is changed so we can have 
at least an account for many of these 
discrepancies. 

CuHatRMAN Hatuiwe tt: I think if you 
have only 3,000 psi. difference in tensile 
strength between bars you are fortunate 
I wish we could all do that. In the work 
reported upon by Dr. Clamer in the 
Fourth Annual Foundation Lecture the 
inconsistent tensiles was one of our main 
problems and we have not yet been able 
to determine why one casting out of the 
same mold, poured right alongside an- 
other is different. There are some com- 
plex relationships there and we have not 
begun to isolate them. 

1R. Lavin & Sons, Elmira, N. Y 

2L’. S. Navy, Mare Island Yard, Vallejo, Calif 

* Nassau Smelting and Refining Co., Inc., New 


Yorh 
*The New Jersey Zinc Co., Palmerton, Pa. 
































EFFECT OF MOLD MATERIALS 


ON 


MAGNESIUM CASTINGS QUALITY 
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and 

J. GS. Mezoff 
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Midland, Mich. 


IN RECENT YEARS aluminum 
and magnesium have been exten- 
sively used in aircraft components 
where soundness and quality have 
been of paramount importance. To 
expedite the production of sound 
castings chills were liberally em- 
ployed by many foundries, although 
it has been conclusively demonstrat- 
ed that soundness can be attained 
by other means. 

Many types of chill materials are 
used by different magnesium foun- 
dries. Gray cast iron is the most 
commonly used chill material be- 
cause of its low cost, ease of cast- 
ing into intricate shapes to conform 
to the contour of the casting, dur- 
ability, satisfactory cooling capacity, 
ie., thermal conductivity and _ spe- 
cific heat, and ready separation 
from the molding and core sand by 
magnetic means. 

Frequently, a more drastic chill- 
ing medium than gray cast iron is 
desired, and copper is used to meet 
this requirement. When greater 
toughness and durability are requir- 
ed aluminum bronze or steel may 
be employed. To meet certain con- 
ditions, various other materials such 
as graphite, magnesium “M” alloy, 
etc., have been tried. 

Sand cores gencvally are consider- 
ed to have the same relative effect 
on the metal in the casting, with 


Presented at an Aluminum and Mag- 
nesium Session of the Fiftieth Annual 
Meeting, American Foundrymen’s Asso- 
ciation, at Cleveland, May 6, 1946. 


respect to directional solidification 
and cooling rate, as the surround- 
ing green sand mold. Therefore, 
chills are used in cores as in green 
sand to promote solidification. 
Inconvenience and troubles con- 
nected with placing chills in cores 
have led to the development and 
use of core sand mixtures* * ° 
having increased chilling capacity. 
These mixtures have been used to 
form either the whole or parts of a 
core. The use of these special core 
sand mixtures involves considerable 
additional expense because of the 
increased cost of the raw materials 
and extra labor in handling. 
Fundamental Data. The purpose 
of this work is to evaluate the fol- 
lowing items and thereby establish 
fundamental data on which future 





Production of sound 
+ sand castings has al- 
ways been the goal of the 
foundry industry. Recent 
foundry investigations’ * 
have clearly demonstrated 
that soundness in castings 
is a function of the proper 
application of controlled 
directional _ solidification. 
Factors lending themselves 
to the control of direction- 
al solidification are numer- 
ous. Among those factors 
which can be readily con- 
trolled and which have 
found prominent applica- 
tion are pouring tempera- 
ture, pouring rate, riser 
size and location, gating 
method, means for keeping 
the risers hot, and chills. 











research can be = advanta: 


based: 

1. Quantitative evaluation 
chilling characteristics of ya 
mold and chill materials 

2. Effect of cooling rates 
thermal gradients upon the sound. 
ness and mechanical properties 
magnesium castings. 

Review of the Literature. In vy; 
of the antiquity of the art o! 
ing and of the magnitude of 
foundry industry today, it is disap. 
pointing to find so little informa- 
tion in the literature dealing wit! 
the effect of the various mold ma- 
terials on cooling rates, thern 
gradients, and mechanical proper 
ties of the resultant castings 

Certain mold variables such 
moisture content, permeability 
bonding material, washes, strength 
collapsibility, etc., have been studied 
extensively. On the other hand, the 
evaluation of the basic raw materi- 
als used for molds and chills in ref- 
erence to their capacity to influenc 
the way in which the metal cool 
and solidifies has been neglected 

A review of the available litera- 
ture indicates that molding mater- 
ials for casting gray iron and steel 
have been investigated briefly 
their effect on solidification 
and thermal gradients. 

Womochel and Sigerfoos® have 
concluded that (1) solidificatior 
rates of gray iron castings in gree! 
sand molds and in dry sand molds 
are approximately the sa! 
a variation of moisture content 
from 4.9 to 7.0 per cent had but 
little effect upon the cooling mt 
of the casting, and (3) castings 
made in bentonite-bonded molds 
cooled somewhat more rapidly tha" 


fn 


ne Z 
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stings made in non- 
ded molds. 
d Gezelius’ in their 
| castings have con- 
rt, the foregoing con- 
stating, ““The data tend 
the rate of solidifica- 
ally the same in either 


ion types of green or 
iriations in the ordinar- 





ding materials result in 
than a_ perceptible 
he velocity of solidifica- 


his extensive work on 

1 unsoundness in mag- 
stings has ascertained 

the many factors which 
solidification process in 

only a limited number 
nveniently varied in prac- 

F) the point of view of 
from porosity the overrid- 
leration is to produce and 
steep temperature gradi- 
the feeders to the remote 

the castings, and the most 

t factors which can be con- 
varied to achieve this ob- 

1) the method of pouring, 
Fics the pouring speed, and (c) the 
re wuring temperature and mold tem- 








Experimental Procedure 
\s previously stated, the primary 
of this study was to demon- 
the influence of mold and 
ick re materials on two factors of 
| ortance in the casting of mag- 

engt! sium alloys, namely: 

Relative effect of the various 
d, tl terials on cooling rates and me- 
il properties of the resultant 








uel 2. Magnitude of the thermal 
ts established within the cast- 

gs by means of combinations of 

rious materials, and the ef- 

{ thermal gradients upon sound- 


ind mechanical properties. 








Reading | right ) top to bottom: 
| Fig. 1—Panel used for study 
| ‘fect of mold materials 
| upon cooling rates, thermal 
| idients and properties. 

: | Fig. 2—Locations of thermo- 

but es and dimensions of (A) 
| and (B) chills used for 
g-rate studies of mold 
| materials. 
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COOLING CURVES FOR PANEL 
CAST IN OIL BONDED CORE SAND MOLD 
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Casting Type S: 
casting 34-in. thick 
8-inch long was ar 
for these tests. A 1 
8-in. long and _ ta; 


34-in. width at the | 


at the top was sel 
produce a radiograp! 
casting when made ij: 

A radiographically 
ing was desirable in 
qualitative evaluation 
of cooling rates and t 
ents upon the soundn 
chanical properties cou 
ed than with a casti 
basically sound. Fis 
photograph of a pane 
gating, risering, dimer 
thermocouple location 

Description of Chill 
For studying the relat 
rates of various mold 
mold such as is show: 
was used. In this mold 
of the surface area of the 
and riser are in contact 
material which is varied 
to run. The remaining 20 
of the panel surface is 
with molding sand end 


cent) or atmosphere (12 


In studying thermal gradients 


their effect upon mechani 
erties, an entirely different 
is encountered and a diff 
of mold must be used. Ir 

a chill (Fig. 2B) whos 

tion is varied from run to 
placed along the _bottor 
mold. 

This chill contacts 15 
of the surface area of th 
and riser, and provides 
directional solidification 
mal gradients. The size of 
is larger than normal foundr 
tice would employ; thus 


thermal gradients mu 
than found in usual f 
erations was studied 

As employed in_ this 











TIME IN SECONDS 


100 120 140 so 


Reading (left) top t 
Fig. 3—Cutaway m 
ing position in mold 
panel and ch 
Fig. 4—Location of 
and original metal 
samples taken from { 
in study of mold a 
materials. 






















1’ and “chill” do not 
onform to customary 
menclature. The term 


matter of convenience 

tion, is applied to the 
lustrated in Fig. 2A, or 
molds, which are 
n the determination of 

i es, irrespective of the 
teri sed. On the other hand, 
| tel hill” is applied to shapes 
ed in Fig. 2B, which 
ssentially for determina- 
d me. tion ol rmal gradients. In some 
“chills” do not actually 


ind 


I s 
I t as | 


] n of Chill and Mold 
Vfaterials. A few brief comments on 
and some features of the 
chill materials tested are 
Composition and proper- 
On ies, with accompanying screen an- 
shown in Tables 1 and 2. 


Gray Iron. 


g. cA The mold was ma- 
hined from cast 5-in. diameter 
ind stock. It contained coarse 
raphite, was quite open, and had 


rut density of 6.53. The chill, on the 
ther hand, was machined from a 
st 3-in. diameter round of much 
tter quality (density 7.43). 


it Using “M" Alloy 
lei Magnesium “M” Alloy (1.5 per 
Bilin nt Mn, remainder Mg). Of sev- 
| magnesium alloys which could 
e used for mold and chill materi- 
“M” alloy was chosen for these 
sts because of its good corrosion 
and high thermal 
ictivity, and because it is already 
occasional use in production 
anel ‘oundries. Both mold and chill were 
“M” alloy 


con- 


the resistance 


un chined from cast 
her- blocks of good quality. 
hi Graphite. The mold and chill 
race ere machined from 6-in. and 3-in. 
of meter electrode stock, respective- 
Ie The diameter stock had 
re porosity than the 3-in. 
Carbon-Bonded Graphite. A car- 
the son-graphite product having a 
‘ransverse strength of 10,000 psi., 
cleroscope hardness, thermal 
| onductivity of 12.95x10-3 cal/cem/ 
m and 8 per cent poro- 
a chill. 
It has been con- 


6-in. 


( a 
used as 
ite Core. 


tured that graphite additions to 
ore sand mixtures would provide 
highly conductive film over the 
‘nd grains; and a molding mixture 
graphite powder would be still 
nductive. Therefore, various 
of graphite powder and 
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Table 1 
COMPOSITION AND PROPERTIES OF BAKED Cores 
Core Mixtures (parts based on weight of dry sand - 
Urea Urea 
Formal Formal- 
MATERIALS* F nae dehyde 
Core Steel Shot Zircon Graphite Molding Sand Plaster 
Gratiot Bank Sand 
(60-65 Fineness No.)..100 30 
Sulphur (325 mesh 0.78 l 0.78 0.75 
Boric Acid powder 0.50 0.7 0.50 0.50 
Cereal Binder 0.625 0.47 0.625 
Core Oil . 1.8 0.6 
Water 4% 1.2% 0.75% 10% 1% 100 
Urea Formaldehyde 0.625 10 
Vassar Bank Sand 
(90-95 Fineness No ‘ 9? 
Bentonite 0.75 —_ 4 
Inhibiting Agent — 4 
Graphite 100 
Chill Shot 70 - 
Zircon 100 
Stucco 80 
Tale 20 
PROPERTIES 
Green Permeability 127 52 28 21 80 0 
Green Compression, psi. 1.5 +.8 1.35 9.8 7.0 
Deformation, in./in. 0.050 0.020 
Dry Permeability 152 65 40 52 7 
Dry Compression, psi.....830 280 160 75 
rensile Strength, psi 178.5 225 310 5.8 
Hardness 86 95 93 85 
SCREEN ANALYSIS 
Retained on Screen, per cent 
Bank Sand Steel Shot 
Sieve No Gratiot Vassar 28X No. #0 Zircon Graphite 
12 0.0 0.0 35.0 
20 0.2 0.0 31.2 
30 0.4 0.0 4.02 2.63 20.2 
40 1.8 0.2 93.26 95.28 0.06 7.2 
50 6.9 0.3 2.72 2.04 0.02 1.4 
70 92.7 5.0 0.05 0.22 1.2 
100 62.9 45.0 17.03 1.0 
140 4.7 35.2 67.61 1.0 
200 0.2 12.6 14.92 0.4 
270 0.0 0.6 0.12 0.4 
Through 270 0.2 La 0.02 1.0 
Fineness No. 64 91.2 29.8 28.9 100.8 
Distribution No. 50 83.2 
*Trade names of products used may be obtained from the authors 








binders were tried as mold and chill 
matcrials. 

Of the various tried, 
the only one which could be used 
for this purpose 100 
parts graphite, 10 parts urea-for- 
maldehyde binder, and 10 parts 
water. This formed a spongy mass 
which has considerable tendency to 
spring back on ramming. The molds 
and chills used had a poor surface 
and were too weak to consider for 
use in a production foundry. 

Core Sands. Three typical core 
sands were used in these tests. The 
urea formaldehyde bonded core 
mixture conforms to the practices 


mixtures 


consisted of 


employed in many magnesium 
foundries. The other two, steel shot 
and zircon mixtures, have been 
used ynder the assumption that 
they had chill characteristics. 


Protective Spray 

Both the steel shot and zircon 
cores, employing an oil binder, were 
given a spray before 
use because of loss of agent dur- 
ing baking at temperatures of 425- 
475° F. Urea formaldehyde-bonded 
cores, on the other hand, were not 
sprayed, since they were baked at 
lower temperatures of 300-350° F. 
with consequent greater retention 


protective 
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of protective agent 
the composition of ¢ 
Molding Sand. Th« 
employed in these test 
inhibited type comn 
magnesium foundries 
tion and properties 
Table 1. Green sand 
neither skin dried nor ved 
Plaster. The plaste: ds 4 
chills were calcined {; eriods 
2 hr. at 250°F. The temperaty: 
was then increased for a 6-hy | 


riod to 800° F., followed by cons, 









slowly to 200°F., and ated 
at this temperature until used The 
plaster surface was given a prot 

tive spray just before insertion in: 





the green sand mold. 





Casting Procedure. A brief 
scription of the procedure employ. 
ed for each test follows. The met: 
molds or chills were sandblasted 
sprayed with a wash, and thermo. 
couples anchored in place. The 
sembly was heated before insertior 
into a sand mold which had, in the 
meantime, been rammed to a uni- 
form hardness. The heating was 
adjusted that sufficient residual heat 
remained in the mold or chil! for 
to be at a temperature of approxi- 
mately 80°F. at the time of pour- 
ing. 










Cores 

Molds and chills made of either 
graphite or sand cores were treated 
in a similar manner except, 
course, that they were not sand- 
blasted. 

Following insertion of the mold 
or chill, the green sand mold was 
closed, and the projecting thermo- 
couples connected to convenient) 
arranged portable potentiometers. 










0- 


Simultaneously, 10 Ib. of mag 
nesium “H” alloy (6 per cent Al 
3 per cent Zn, 0.15 per cent Mi 
remainder Mg) were melted in 4 
steel crucible under No. 310 flux 
superheated for 15 min. at 1690- 
1700° F., cooled to 1450°F., ane 
poured. The metal temperature was 
determined by means of a 2\-gaug' 
chromel-alumel thermocouple ¢- 
closed in a 4-in. seamless teel pro- 
tection tube and connected to 4 
temperature indicator. 

Metal was poured ra 












diy int 






the mold, filling it just the top 
of the riser. At the n ent the 
mold was filled, the int ] timer 
was started and the | rer 

ad sim- 





temperature readings ob‘ 















tre 















it 10-sec. intervals for 
min., then at one-min. 
the next 5 min., then 
{0-min. intervals until 
ng temperature had 

low 300° F. 
Dat the cooling curves of 
vere obtained manually 
portable potentiometers 
to four 24-guage glass- 
ron-constantan thermo- 
ated at definite positions 
casting, as shown in Figs. 
The thermocouples were 
sition either by anchoring 
holes drilled through the mold or 
embedding in the mold- 
[he thermocouple posi- 
en are shown in Table 4. 
All] t rmocouple hot junctions 
ited at equal distances 
the sides of the casting. Loca- 
the thermocouples at 2-in. 
h end of the casting was 
the purpose of mitigating any 
od effect from dissimilar materials. 
is a cutaway view of a 
wing the position of the 
nd chill, and general ar- 
ent of equipment for these 


Casting Design 
\ few additional tests were con- 
in green sand molds in 
hich the width of the panel and 
size were varied as shown in 
lable 5. This was done to learn 
influence of casting design upon 
variables under study. 
Duplicate runs were made for 
conditions in which chlorinat- 


ed? metal was used to determine 


effect upon the quality of the 
asting. Chlorination ‘is used in 
any foundries for degassing and 


refining the metal. A chlorination 


ent was employed in which 
hout 2 per cent chlorine was pass- 
1 through the metal at 1350 to 
4()() F 

Panel Testing. After the cooling 
irves were obtained each panel 
‘ radiographed, then given a 
at treatment in an atmosphere of 


| per cent SO,. The heating cycle 


sisted of 2 hr. at temperatures 


‘rom 500 to 730°F., plus 12 hr. at 
10" F., followed by cooling to room 


rature in air. These heat- 
panels were then sectioned, 
vn in Fig. 4, for metallo- 
and tensile samples. 
Radiographs were arbitrarily 
‘ouped into five uniform classes 
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EFF! CT OF 


Motp MATERIALS ON MAGNESIUM Cas 





Urea Formaldehyde-Bonded 
Graphite Cores 

Green Molding Sand 1.76 

Core Sand 


Steel Shot 3.22 
Zircon 2.27 
Urea Formaldehyde-Bonded 
Core 1.60 
Plaster 
Mold 0.62 
Chill 0.64 


and volume 


PHYSICAL PROPERTIES OF MOLD MATERIALS 


-Properties -——+ 
Thermal 
Densit y* Conductivity, Specific Heat Capacity 
Material gm/cm? lb/in® cal/em/cem*/°C/sec Heat cal/em*/°C 
Cast Iron 
Mold 6.53 0.236 0.110(12)* 0.132(12)7 0.863 
Chill 7.43 0.268 0.110 0.132 0.980 
Magnesium “*M”’ Alloy 
Mold 1.76 0.064 0.310(13 0.249(13 0.438 
Chill 1.75 0.063 0.310 0.249 0.436 
Electrode Graphite 
Mold 1.55 0.056 0.347(14 0.195(14 0.302 
Chill 1.635 0.059 0.347 0.195 0.319 
Carbon-Bonded Graphite 
Chill 1.70 0.0615 12.95x10°°(15) 0.251(15) 0.427 


*Density of solid materials determined by immersion; cores by calculation from weight 


tFigures in parentheses refer to bibliography at end of paper. 


Table 2 


0.0036 


0.116 10.7x10°*(16) 0.216(16) 0.695 
0.082 7.91x10*(16) 0.186(16) 0.422 


0.058 10.0x10~* 0.254 0.406 


0.0224 
0.0231 











Table 3 





Spray COMPOSITIONS 


Chill Wash 


Denatured Alcohol, gal. 
Mazein, qt. 
Tale (white), Ib. 
Protective Spray 
Methanol, gal. 
Boric Acid, lb. 
NH,BF, (No. 100 inhibiting 
agent), lb. 
Tale (white), Ib. 


(Fig. 23), ranging from radiogra- 
phically sound panels with a rating 
of one to those with a rating of 
5 which exhibited the maximum 
5 degree of porosity and unsoundness 
75 observed in this study. 

8 Heat treated metallographic sam- 
ples were examined for average 
4 grain diameter, massive compound 
3% rating, and porosity. It was ob- 
served that a marked gradation of 


1% . 
porosity from sprue to far end ex- 


55g 





isted in slowly cooled panels. There- 








Thermocouple 











THERMOCOUPLE POSITIONS 


Table 4 


Position in Casting — 











No. From Bottom, in From Sprue End, in 
I ¥% 2 
9 ¥% 6 
3 15% 9 
4 15% 6 
Table 5 
PANEL WiptH AND RISER SIZE 
Panel —_— — Riser, in ————— Volume Ratio 
Width, in. Height Width Length Riser /Panel 
Original Panel ........% 2 %x1 Yr 8 1.5 
Thin Panel . ¥% 2 Yax% 8 1.5 
Large Riser ...... Y% 3 Wx2Ve 8 3.83 


















fore, porosity ratings 
termined on the frac: 
the tensile bars, an: 
values that are pres: 
6. 

Tensile samples w 
to 0.5-in. diameter | 
and tested in tension { 
yield strength (0.2 pe: 
and ultimate strength, § 
¥g-in. panels were mai 
tension bars, polished, 1 lik 
tested in tension. Tabl: DI 
a summary of the dat 
Graphs and Calculat 


The data obtained are too y 
ous to present as tables and. 4 
fore, are shown entirely in or, 


cal form. 
Cooling Curves 

Figure 5 shows the cooling 
for four locations, as previ 
cussed, in a panel cast in 
sand mold. It is observed ti 
curves for locations 3 and 4 
per) follow parallel paths and : 
ly coincide. The Same 1S true for 
locations 1 and 2. 

This concurrence is even 
apparent in the panels cooled : 
rapidly, whether cast in molds 
chills. Therefore, the — remaini: 
graphs are plotted from th 


age values of the upper two ther 
mocouple locations (3 and 4 
also from the average of the 
two thermocouple locations 
2). 

Cooling Curves. Figures 6 to 1? 
are time-temperature = graphs 


panels cast in the various mold 
chill materials in which the dat 
for the curves represent the aver- 
age of at least two, and usua 
three or more tests. Although read- 
ings were taken until the pan 
temperature had dropped bel 
300° F., the graphs below 600 | 
were practically straight-line | 
tions which merged. Therefore, 
graphs are stopped off at 600 1 
which is below the eutectic tem- 


+} 


perature, in order to ex| und the 
scale for the promotion of greatel 
clarity. 
Cooling Rate Curves. the co 
ing rates (Figs. 13-21) of the | 
els cast in the various molds an 


chills were obtained from the cool 
ing curve data by plotting th 
erage temperature drop | F./se¢. 
obtained from two consecutive reac 
ings against the average ‘emper 


ture in this interval. JT)cse rate 

















to.accentuate any tem- 
tardation that may not 

t in the cooling curves. 
[ Rate at 1000 F. These 
| average of the lower 
‘le readings | and 2, are 
tly from the cooling-rate 


These values, 
| r in., are obtained from 
« curves by obtaining the 
mperature differential be- 
upper and lower thermo- 

it ations over the tempera- 
- of 1100-700° F. for the 
; vel thermocouples, and di- 
ther fit 5/4 (distance between 
er d lowe: thermocouples is 


Ti Gradients 


The thermal gradients estab- 
hed between the surfaces and the 
of the panel, although ap- 
reciable, were not measured or 
ven consideration in the calcula- 
Figure 22 shows representa- 
thermal gradients established in 
nels under tour different condi- 
of cooling. For purposes of 
parison, Figs. 24 and 25 show 

; spectively the effect of thermal 
, 7 svradient established in the temper- 
ture range of 1100-700° F., and of 
oling rate at 1000° F., on the ulti- 


ther- t 


tensile strength of panels. 
Average Time to Reach 700° F. 
lower These values were obtained from 


the data for the lower thermocou- 


Experimental Discussion 

One of the important character- 

s of a mold material for cast- 
g metals is its “chilling capacity” 
r the rate at which it is able to 
, xtract heat from the metal in the 
sting cavity, for most of the heat 
ontained in the liquid casting must 


J be removed through the mold it- 
the lherefore, the chilling capacity 
; | the mold material determines to 
em- 1 considerable extent the cooling 
the te the casting. Of the factors 
ater niluencing the solidification of 


stings, the judicious selection and 
ol- ie of mold materials is perhaps 
ne of the most important. 
ling capacity of mold mate- 
to be used in casting mag- 
av- nesium-base alloys is of particular 
in the temperature range 


ad (00° F., which is the approxi- 
ra- mate solidification range of the 
ate con 


rcial Mg-Al-Zn type ternary 
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alloys used in this 
some small part of a high 
most critical durin < i. 
and feeding. 

At present, it mu 
that the whole rang the | 
The chilling capacity ; : 


mold materials dis 
paper have been bas al 
effectiveness through the solia:. ott 
fication range of the rv cand 
mercial magnesium-b OV poi! 
Chilling Capacity Mold Mo. atec 
terials. A comparison of the chilling duce 
capacity of the various mold 4, the 
chill materials on the idequat \\ 
risered 34-in. panel is vided | os 
Table 7. Method A is based yoy aad 
the average cooling rates of pay heat 
produced by the molds in °F.’ " 
during the interval the lower ther. he 
mocouples were at 1000° F. Met} on 
B is based upon a comparison of whi 
the relative length of time for th: stan 
panels cast in molds to cool { al 
temperature of 700°F. as m 


ed at the lower thermocouples r 


basis of comparison being 
molding sand. 


Chilling Capacities , 
Method C, on the other hand grai 
based upon the magnitude of ther- the 
mal gradients produced by the va- mes 
rious chill materials as the panel ” 
cooled from 1100 to 700°F., as. the 
suming green molding sand to | ial 
unity. The close agreement among - 
these various arbitrary methods o rela 
evaluating chilling capacity indi- ne 
cates that these mold materials hav ( 
chilling capacities in the order list- ae 
ed. san 
In any discussion of the factors hil 
influencing the chilling capacity of a 
a material, at least three proper- in 
ties should be considered: (1) ther- on 
mal conductivity, (2) specific heat of 
and (3) density. The product o! I 
the latter two physical properties ™ 
forms a third value which, for th duc 
purpose of convenience in the r- sult 
mainder of this report, will be call- we 
ed “heat capacity.” ing 
An examination of the data sum- me 
marized in Table 6 reveals that «l ai 
materials with high chilling a 
pacity have also high thermal con- 
ductivity, while the heat capacit) ‘a 
specific heat, and density vary ove! ra 
a relatively wide range. Therefore “ 
if a material is to have a high chill ae 
ing capacity it must have primar 

a high thermal conductivity, a™ ‘ 
acity sili 


secondarily, a high heat « 














Fou cores generally have a 
> 1 apacity, but their ther- 
tivity is low. The ther- 
ictivity of a core is a 
ncti both the properties of 
be | re material and its man- 
slomeration. Thus, steel 
xample, has a high ther- 
ictivity in itself, but the 


ot} joining the shot and 
of’ ther through a point-to- 
joint tact. which itself is insu- 
ted by the binder being used, re- 
ces thermal conductivity of 
he steel shot core to a low value. 
When metal is cast against such 
core the layer of sand grains and 


st at the surface removes 
heat from the casting at a relative- 
y high rate. However, as soon as 
the surface grains are in tempera- 
ture equilibrium with the casting, 
which probably occurs almost in- 
stantaneously, the core can then ab- 
rb heat no faster than heat can 
» removed from the hot metal-core 
terface through the core. 


Radiation 

In the case of such cores heat 
transmission by conduction from 
grain to grain is slow, and possibly 
the greater part of the heat re- 
moval may occur by radiation’® and 
y convection through the gases in 
the interstices surrounding the in- 
dividual grains of which the core is 
mposed. This accounts for the 
relatively low chilling capacity of 
steel shot and zircon core sands. 


1 shot 


Graphite-base cores had a high- 
er chilling capacity than did the 
sand-base cores, but the ratio of the 
hilling capacities was only of the 
order of 5 to 1. However, the ra- 
tio of the thermal conductivities of 
graphite and silica is of the order 
of 145 to 1, 

It is thus demonstrated that, al- 
hough the increased thermal con- 
ductivity of the base material re- 
sults in a small increase in chilling 
capacity, the main factors controll- 
ing thermal conduction in an agglo- 
merate are the resistance to heat 
transfer offered by the binder and 
poor contact between the particles. 
Use of Chill Spray. Castings 
poured against bare metal chills 
and molds which were heated and 
placed in the mold just prior to 
asting frequently exhibited blows. 


*Thermal conductivity of a piece of 


silica 's about 0.0025 cal/cm/em*/*C/sec. 
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25 7 
: FIG. 18 ' y | 
COOLING RATE vs TEMPERATURE OF THE CASTING 
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658 EFFECT OF 
” a = 
FIG. 21 1 
i) COMPARISON OF COOLING RATES 
5 20 (3° FROM BOTTOM OF CASTING) __. 
« PRODUCED BY VARIOUS MOLD AND 
Q@  lronMAL HENYOE (CHILL MATERIALS 
b BONDED 
is | GRAPHITE _ | | | mal 
- CORE CHILL | | 
- \ | 
da j 
x \ | 
2 GRAY | 
0 | }iRON __| LECTROOE | | —_— 
8 GREEN CHILL —/ GRAPHITE 
SAND , CHILL GRAY IRON 
MOLD + CARBON , MOLD 
BONDED 
GRAPHITE 
5 + ; CHILL 4 t Riawitiiinmaa 
~ TO 
PLASTER | 
MOLD + ~o } 
0 i = | — 
1200 oOo 1000 900 800 700 600 500 400 
TEMPERATURE °F 
' 
| 
| 
FIG. 22 
THERMAL GRADIENT IN CASTING vs TEMPERATURE 
y 3" FROM BOTTOM OF CASTING | 
E 300 f+} — — 
>———_—— CAST IRON CHILL~CHILL SPRAY 
22 (O—————0 DOWMETAL M CHILL -CHILL SPRAY 
tt 75° |.-——--—— GCaRBON BONDED GRAPHITE CHILL 
=S  }--------- GREEN SAND MOLD 
Wu 
®© 200 
‘+s 
ze 
—- 
= 3 150 
w -=— 
33 ! ott 
a, 100 Sf 
mh va 
> © A 
fa 50 a 
- aa Pe a 
ee ee a Ee ot 
OF at - - — 
A 
| a 
|| 1200 150 00 1050 1000 950 900 850 800 750 700 


TEMPERATURE IN °F §" FROM BOTTOM OF CASTING 














ON MAGNEsIuM Ca 
These blows local! 
casting the 
thus reducing the 


from 


rating of the unc 
mold materials. 
When chill and 


were coated with a 
tendency toward for 
eliminated. As 


was 
from the summary of cata. | 
chill spray had a sli 
effect upon heat t 


chills and molds. 

Effects of Thern Grad 
upon Properties. In 
effects of the mold a | 
terials upon cooling rat 
mal gradients, it is dé 
late the magnitude of ¢! 
conditions with the mecha; 
properties of the resulting , 
and 
portance of thermal gradients 
curing sound 


also to demonstrate ¢} 


castings 
Cooling Rates 

tests a wide ray 
rates 


In the mold 
of cooling 
while in the chill tests a wide ra; 
of thermal gradients was obtair 
made by both met 
were for test bars 
subsequently broken in tensior 
the solution heat treated condit 
By plotting the thermal gradient 


castings against 


was produ 


Castings 
sectioned 


values of all 
ultimate tensile strength of the | 
er test bars, as in Fig. 24 

is produced which demonstrates ¢! 
effectiveness of increasing then 
gradients on the 
soundness of the panel 


prope ries 


Similarly, plotting the values ! 
cooling rate at 1000° F. against t! 
ultimate tensile strength of the 
er test bars, as in Fig. 25, indi 
a lack of correlation. For exam; 
a cooling rate of 1°F./se 
produce tensile properties rangi 
from 30,000 to 43,000 psi 
from an unsound to a sound 


ing. High cooling rates contribut 


to high tensile properties and cast- 
ing soundness primarily through th 


promotion of adequate _ therm 
gradients. 

When the thermal gradient © 
ereater than 98°F./in., both bar 
had better than typical properties 
(Table 8). When th therm 


17 


gradient was above 21 
properties of the casting wer 
above the specified mini: 

It must 
these values hold for 


not be ass d that 


sections 
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ALLOY NO. 26219 STEEL SHOT CORE MOLD~-PROTECTIVE SPRAY 


Fig. 


EFFECT 


RADIOGRAPHIC RATING =! 


RADIOGRAPHIC RATING=2 


RADIOGRAPHIC RATING #3 


RADIOGRAPHIC RATING = 4 


{ 


I 


ALLOY NO. 26390 CAST IRON MOLD-CHILL SPRAY 





ALLOY NO. 26084 ELECTRODE GRAPHITE MOLD-NO SPRAY 








ALLOY NO. 29159 GREEN MOLDING SAND MOLD~-NO SPRAY 





ALLOY NO. 2947! PLASTER MOLD-PROTECTIVE SPRAY 
RADIOGRAPHIC RATING =5 


23—Representative radiographs of magnesium “H” alloy panels 
> S 7 
cast in molds of various types. Demonstrating the rating system. 
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of all castings, for 
to the casting studi 





or similar sections 

the same thermal a: 

ditions. For each set 

feeding conditions th 

edly a minimum th 

which will produce a 1 secties 
Effect of De Lassi Vf 

All tests discussed . 

performed using meta 









cording to normal cor 





tice except that no fi levas 
treatment was applied. Addit 






tests were made with the green «a, 
mold using metal that was dee: i 





with chlorine. The ultimat 
strength of the casting mad 
manner was improved 2 







over the unchlorinated conditic, 





which raised it well above the oe. 






cified minimum value without 
proving the thermal gradient 






Riser Inadequate 





It must be remembered tha: 
the green sand mold the rise 
designed to be inadequate. Assur 
ing that gas is present in the molter 
metal in quantities greater thar 







solubility value at the freezing 





point, we may conclude from t 





| 


data presented in Table 6 that th 





effectiveness of dissolved gas 





causing gas porosity is greatest 





der those conditions where the ris- 
er is inadequate. 

Continuing our views on 
porosity, it is presumed that in thr 







process of metal _ solidificatior 
shrinkage of the solidifying casting 
demands either the formation of 
a void, a collapse of the casting 
wall, or the feeding of liquid meta 
As the temperature of the riser de- 


















creases, liquid metal from the riser he 
feeds at a diminishing rate to t! : 
casting, but demands of the solidi! 
ing casting for “feed” continur 
diminished. 

In the case of an inadequate rs 
er a stage is reached in which the 
“feeding pressure” on thi shrinking 1 
mass, which is the summation 0! 4 
pressures contributing to feeding 
reduced below the vapor pressure 0! 
the dissolved gas. To satisfy | 
vapor pressure the gas precipitates n 
out of liquid solution, causing pore 
sity. . 

In a casting solidifying similar'y. 
but with more pronoun therma For 





gradients, the riser be« 
effective as a feeder. Adi 
ing pressure is maintal 











‘asting 
metal 
er de- 
riser 
o the 


’ 
| 


idify- 





of time so that the 

nterference with feed- 

| in the foregoing is 

is reducing or even 

effect. 

Larger Riser for More 

eding. The reduced 

f dissolved gas on mi- 

when the feeding is 

te is shown in a series 

formed using the same 

rit | conditions as before 

enlarged riser. Cast- 

nade from both chlori- 
unchlorinated metal. 


For castings with enlarged risers 
de fr unchlorinated metal the 
‘mal gradient was increased by 
5 per t over that of the original 
' le the ultimate tensile 
noth was increased by 15 per 

demonstrates the normal 


improving the feeding 


Degassing Beneficial 
other hand, degassing the 
creased the ultimate tensile 
ith by 4 per cent over that of 
t degassed. Evidently, im- 
roved thermal conditions and a 
re adequate supply of feed metal 
luced the effect of 

dissolved gas. 

Thin Panel Casting. In order to 
some idea of the compara- 
thermal conditions and casting 
ittainable by use of a cast- 
nd riser of different size, both 


panel and riser thicknesses were 


deleterious 


luced by 50 per cent, the other 
ensions remaining the same. 

change did not alter the riser: 
ting size ratio as used in the 
ginal test. 


\gain the casting was made in 
green sand mold. The reduction 
isting and riser thicknesses re- 
ted in a doubling of the ther- 

The ultimate tensile 
ngth of the thin casting was 26 
than that of the 


il gradient. 
er cent greater 
ick casting. 

In additional tests with the thin 
ing, degassing the metal by 


iiorination produced no further 
nprovement in the ultimate tensile 
Vata for these feeding studies 
| summarized as shown in 
Eff f Pouring Temperatures. 
For the special panels, namely, that 
with ¢ 


enlarged riser and the thin 
stings were poured at tem- 
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' 
Table 7 | 
COMPARISON OF CHILLING CApPaAciTIES OF VARIOUS MOLD AND | 
Cui, MATERIALS | 
Chilling Capacity : 
Molds Chill 
Mold Material Method A Method B* Method ¢ 
hs (°F /sec) 
Cast iron 19 20 20 
Electrode graphite 18 19 16 
Magnesium “M” alloy .. 13 11 14 
Carbon-bonded graphite* 7 
Urea formaldehvde-bonded graphite 5 4 5 
Oil-bonded steel shot core sand 1.2 1.4 1.5 
Oil-bended zircon sand 1.0 1.2 1.0 
Fluoride type molding sand 1.0 1.0 1.0 
Urea formaldehyde-bonded silica sand 1.0 1.0 0.7 
Plaster .. 0.5 0.5 0.5 
*This material was not available in sizes large enough to be used as a mold 
‘Based on cooling rate at 1000° F 
*Based on reciprocal of time for casting to cool to 700° F., assuming the value of green 


molding sand to be 1.0. 


*Based upon the comparable thermal gradients in ° F./i 
green molding sand to be 1.0 


Table 8 


n., again 


TENSION Test Bar PROPERTIES 


(Solution heat treated Me “H 


Ultimate Strength, 
pu. 


Typical Properties 40,000 


Specified Minimum 34,000 


Table 9 


” alloy) 


Yield Strength 
0 


p 
14,000 


10,000 


assuming the 


value of 


Elongation 
% in 2 in 


12 


+ 
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INFLUENCE OF IMPROVED FEEDING Upon PROPERTIES 


Improi ement 



































Thermal in Ultimate 
Panel Gradient, Tensile Strength 
Size, im. F./in over Bane Test, % 
Basic test (panel cast in green sand 
mold; metal not degassed VY 15.0 0 
Metal degassed with chlorine M% 13.8 20 
Riser enlarged; metal not degassed VY 20.3 15 
Riser enlarged; metal degassed with 
chlorine V% 22.5 19 
Same casting; riser size ratio as in 
basic test; metal not degassed Ve 27 26 
Metal degassed with chlorine ¥% 28.3 26 
44 
a ° o—2 44 - — ¢ a 
a vo——eo 
7 40 
x 
a =) 
© FIG. 24 
oD EFFECT OF THERMAL GRADIENTS 
a ery UPON TENSILE PROPERTIES ~~ 
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FIG. 25 
EFFECT OF COOLING RATES 
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COOLING RATE AT 1000°F —°F/SEG 


peratures of 1400° F., 1450° F., and 
1500° F., using degassed metal. The 
ultimate tensile strength was im- 
proved slightly by increasing the 
pouring temperature. There was no 
noticeable effect upon the thermal 
gradient; however, the time requir- 
ed for the casting to cool to 700 
F. correlated with the casting tem- 
perature. Increases in pouring tem- 
perature produced longer cooling 
times. 

Cooling and _ Cooling-Rate 
Curves. Both the cooling and cool- 
ing-rate curves display some inter- 
esting phenomena. For the slowly 
cooled panels the cooling curves 
show a retardation at about 1100° F. 
The corresponding cooling-rate 
curves show arrests in the cooling 
rate at the same temperature. 

These retardations and arrests in- 
dicate sudden decreases in the cool- 
ing rates of the panels at 1100° F. 
Starting about this temperature (the 
liquidus temperature) the latent 
heat of fusion of the metal is re- 
leased as the casting solidifies. This 
release of heat continues until the 
casting is entirely solid, so that the 
cooling rate of the casting is retard- 
ed in the entire solidification range. 
Curves for the slowly cooled panels 
do not show any marked change in 
cooling rate around 700°F. (the 
solidus temperature). Undoubtedly 
some change in cooling rate occurs, 
but the temperature readings in this 
range were taken at too great in- 
tervals to show the effect. 


For swiftly cooled panels the 


cooling-rate curves show definite re- 
tardations or arrests in the range 
between 1100 and 700° F. The ar- 
rests at 1100° F. are considered to 
be similar to those previously de- 
scribed for the slowly cooled panels. 

Arrests observed at lower temper- 
atures are thought to be caused pri- 
marily by (a) release of heat of 
fusion in the riser as it begins to 
solidify, and to minor extents by 
(b) release of heat of fusion of low 
melting point eutectic mixtures 
formed in large amounts by a shift- 
ing of the areas of the equilibrium 
diagram to the left during rapid 
solidification, and (c) undercool- 
ing. It is to be noted that the more 
rapid the cooling rate the lower 
the temperature at which the ar- 
rests occur. 

Conclusions 

1. Chilling capacity of a mold 
material depends directly upon its 
thermal conductivity and its heat 
capacity. Since the thermal conduc- 
tivity of mold materials may range 
from 0.001 to 0.350 cal/em/cm?/ 
°C/sec. (350 to 1) whereas heat 
capacity varies from 0.300 to 0.980 
cal/em’/°C (3 to 1), it follows 
that changes in heat conductivity 
will exert normally a greater in- 
fluence on chill capacity than 
changes in heat capacity. 

2. Chilling capacity of a hetero- 
geneous mold is particularly sensi- 
tive to the intergranular area of 
contact and to the thermal con- 
ductivity of the film separating the 
grains. 


Errect oF Motp MATERIALS ON MAGNESIUM Ca 


3. Use of steel s| 
of zircon core sand 
ly greater chilling 
does silica sand, b 
is deemed insuffi 
their use for the 





magnesium castings 

4. High cooling 
to high tensile prop 
ing soundness primar 
promotion of ad 
gradients. 

5. Dissolved gas is 
casting soundness when feed 
or feeding pressure 
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ENGINEER 


OF HUMAN RELATIONS 


Steven G. Garry 
Foundry Division, 
Caterpillar Tractor Co. 
Peoria, Illinois 


In the eyes of the average worker, the supervisor is the company. 
ed met Management policies of human relations, which must be carried 
out by the supervisor, are only as sound as the understanding and 
practice of basic supervision principles. 





; —— 
. THOSE OF US actively en- 
ie saged today have seen the era when 
s A odustry turned the corner from 
ss production into the age of 
man relations. Always wide-awake 
progress, industry has concen- 
} rated on a program of indoctrinat- 
r e its supervisors with the basic 
: rinciples underlying sound super- 
~~ ion. Basically, this training is, in 
> Shri broad sense, a thorough course in 
onnaeattes sychology or personality develop- 
tion, ent 
Every supervisor recognizes that in 
Gezeliu the final analysis his men make or 
“a break him. Naturally it is recognized 
. hat the supervisor represents man- 
gement to the men, but to the aver- 
—— ge employee the supervisor is the 
rnal, Ir mpany. Thus proper or improper 
ipervision can make or break the 
and W mpany 
“aay In industry the training programs 
Ma take many courses. Some plants ad- 
vocate the conference method, in 
rence of vhich questions and answers serve 
on the ‘the means of providing instruc- 
a tions. Many other means are used, 
“p however, to provide new material— 
oder ectures, laboratory or experimental 
ae essions, motion pictures and slides. 
ri, vol Perhaps a combination of all these 
means provides the most complete 
- ‘ reatment for all classes of super- 
oe vision 
noi However, above all, it is particu- 
larly stressed and impressed upon 
Co the supervisor that he, or she, should 
s earn to develop a genuine interest 
ws i people. It cannot be stressed too 
Rating ‘trong!y that by acquiring the habit 
raphic ' 
esium _ ‘his paper was presented at a Fore- 
1944, man / raining Session of the Fiftieth An- 


= ting, American Foundrymen’s 
\ssociat'on, at Cleveland, May 8, 1946. 





of success in dealing with employees, 
the supervisor strengthens his inter- 
est in them and with it his power to 
work with them. 

Because of our modern industrial- 
ization, it is brought home to us em- 
phatically that man must live with 
himself and with others. To live 
means to function, and behavior is 
the material of psychology. The unit 
of study is the individual. Psychology 
is one of the most useful of all of 
our sciences. Today industry recog- 
nizes that successful supervisors must 
be versatile. They must be skillful 
and intelligent and—they must have 
personality. 

In one subsurvey studies were 
made of 3,607 men and women who 
had lost their jobs. It turned out 
that 77 per cent had been fired for 
tactlessness, unfairness, irritability, 
bad manners, etc. Therefore, spe- 
cifically, well-liked supervisors must 
be cooperative, loyal, polite, tactful, 
friendly, patient, alert, daring, con- 
fident and cheerful. These qualities 
can be attained only by a planned 
foreman training program. 


Not a Short Cut 

First, let us stress most strongly 
that foreman training is not a short 
cut to success in business, or in life. 
Do not believe, as some people do, 
that to train supervisors is to find an 
open sesame to success. It will not 
make a mentally strong and power- 
ful individual out of a weakling; 
but it can be of great assistance in 
bringing out the latent possibilities 
of people and in enabling them to 
adjust themselves to each other. 

Industry up to the present gener- 
ation frequently assumed that the 


minor supervisors and workers were 
passive instruments. In other words, 
the management looked upon the 
factory as upon a machine. No 
effort was made, or encouraged, to 
give employees an opportunity for 
self-expression. No effort was made 
to enlist and utilize their personal 
desires and aspirations. The person- 
alities of the supervisor and work- 
man were completely neglected. 

Any show of undesirable individ- 
uality (and almost all individual- 
ity was considered undesirable) was 
respressed by discipline. The indi- 
vidual supervisor, or workman, did 
not count. Men assumed that even 
such complex organizations as the 
factory, or the mind, could be best 
controlled and brought to attain- 
ment by mere force. 


Enlisting Support 

But today, both industry and psy- 
chology are turning attention to the 
component units. Industrialists and 
psychologists are beginning to real- 
ize that the price of control by force 
is high—they realize the dangers of 
repressing and the advantages of en- 
listing the support of the units which 
compose the industrial and the men- 
tal organization. 

Inasmuch as a far-thinking person 
can readily see how industry cannot 
help but benefit from the policy of 
training its supervision, let us ap- 
proach the effect that such training 
can have on the supervisor person- 
ally. The human body may be lik- 
ened to a plant, the personality be- 
ing the flower, or bloom. Many 
plants survive the span of their exist- 
ence without justifying their energy 
with its full meaning—that of pro- 
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ducing a flower. 

Cultivation and a degree of care 
are necessary to obtain the replete 
accomplishment. The supervisor, 
when trained to take a genuine in- 
terest in people, cannot help but de- 


Per- 


sonal charm arises mainly from a 


velop poise and _ personality. 


sincere and deep interest in other 
people and a genuine liking for 
them. 

He learns self-control. He builds 
up, by practice, the habit of censor- 
ing anger at its inception, that is, to 
develop strong standards of poise 
and self-control in all dealings. He 
learns by careful watching to recog- 
nize the symptoms of incipient ill 
temper. 

He can learn to recognize that 
when he feels hot about the eyes, or 
tingling with indignation, there is 
trouble ahead unless prompt re- 
medial action is taken. He can learn 
at the first sign of such a condition 
to “unhook” from the grip of the 
situation, to look at the matter as 
he judges he will a month hence, 
and to try to understand the point 


The 





He can 


learn to strive, by one means or an- 


of view of the other side. 
other, to regain his calm. 
By such measures he usually can 
check anger at the source. If in any 
case he fails to do so, he can at least 
post- 
make 


matter 


get away from the situation 


pone decision, take a recess, 
arrangements to go into the 
tomorrow—anything to free himself 
from the present tenseness and give 
himself time to cool off. This is a 
hard thing to do. It demands great 
self-control, for to do so he must 
keep in mind that he is “unfit for 
business.” 

By repeated effort, even a person 
with a “hair-trigger” temper can 
build up a sensitive censoring habit 
which will warn him of danger at 
the earliest signs of approaching 
anger before the excitement has 
taken a strong hold. 

It has been said that “you cannot 
change human nature” in the sense 
that the deeper desires of man are 
for all practical purposes unchange- 
able, but we certainly can change 
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the habits which 
nature” expression 
and training, the 


greatly develop in ii 


est, ability, and ever 
We can look to j 
ship to transform tl 


unfavorable forms 
the common hun 
forms conducive to 
ciency, well-being, a 
Certainly, more th 
ily care to think, we 
ful or 
agreeable, noble or 
habits. In all of th 
ability, or character 


inefficient, p 


have acquired by lear 
tremendous importance 


1 


Sound leadership, lik: 
of supervision, does not co 
to some men, but only 
study and painstaking 
Thus, it is and should be 
pose of foreman conferences 
strengthen and develop th 
visor’s leadership and, inci 
his personality, by changing 


conference method of instructing supervisors. 





dust 
date 


to ¢ 

















abits. 

y organized training pro- 
1 enable the supervisor 
ognize the nature and 
dividual differences; (2) 
; influence on the actions 
his - (3) learn to observe 
) ing effectiveness resulting 
, advantage of individual 
1 Fore in getting work done; 
4) understand the nature and 
; the functioning of group 
ttitudes and morale; and (5) un- 
derstan the influence of the group 
ttitud nd morale upon individual 


f eth ne 


vers of the group. 

The supervisor of today must be 
» engineer in human relations. He 
must manage, direct, control, guide, 
ead and inspire those with whom 
he works. Industry today is teaching 
supervision “how to think.” In- 
dustry today is training its super- 
yision not only in the fundamentals 
f supervision, but also how these 
principles must and can be made a 
part of the supervisor’s personality. 

Industry no longer has a place for 
the old-fashioned hit-or-miss meth- 
ids of supervision. Men trained in 
the old methods must be retrained 
and brought up to date. Just as in- 
dustry keeps its machinery up to 
date, so must supervision be kept up 
to date. 


Training Methods 

Primarily, the conference method 
of instructing supervisors in human 
engineering is one of indoctrination, 
making them management conscious, 
training them in the methods of 
formulating sound judgment, teach- 
ing them the fundamentals and prin- 
ciples inherent in good supervision, 
guiding them in the application of 
these principles to their own prob- 
lems and following up to see that 
they practice what they are taught. 

They are being taught new 
‘habits” and how to apply them 
with good results. The most success- 
ful conclusion to any conference 
course is when the principles taught 
to the supervisor are made a part of 
that supervisor’s own personality. 
One supervisor may apply them dif- 
ferently from another. The principles 
followed must be the same, but the 
methods of using them will vary 
from supervisor to supervisor. 
_ These principles must become an 
integral part of the supervisor’s per- 
sonality so that they are the basis of 
his every action. Management must 
follow up such programs, constantly 


hammering home the sound prin- 
ciples underlying supervision until 
they become second nature. or part 
of his personality, to every super- 
visor. Indoctrination of supervisors 
with the principles of sound super- 
vision cannot be overemphasized. 

If we are to progress as success- 
fully in the human relations era as 
we have in the mass production era, 
it will be necessary for industry to 
concentrate on a program of indoc- 
trinating its supervisors with the 
basic principles underlying sound 
supervision, to see that its supervisors 
make these principles a part of them- 
selves, and to follow up its super- 
visors to see that they practice super- 
vision as management in its policies 
wants its human relations handled. 


DISCUSSION 


Chairman: F. E. Wartcow, American 
Foundrymen’s Association, Chicago 

W. F. Graven’: I am quite interested 
in this subject of changing a man’s men- 
tal attitude and creating in him a genuine 
interest in people. I can not see how we 
can do it by the discussion method. Is 
there a part of your program for which 
you would use the lecture method? 

S. G. Garry: You can use it in the 
discussion method by grouping the super- 
visors and presenting the problem to 
them. Suppose you have a specific prob- 
lem in mind and everyone gives his 
opinion on the problem. In that way you 
can get results from the discussion method 
because you may find some way of deal- 
ing with that problem that the other 
man did not think about and one that 
you think will work. 

Just to give an illustration, I was con- 
fronted with a problem that involved an 
employee who would never change his 
work shirt. It was a rather sensitive sub- 
ject to discuss with the employee. How 
would you approach that man? You 
know, to begin with, that he is a very 
sensitive individual. I tried for a week 
to think of a way to approach the em- 
ployee but I did not have the solution 
In our supervisory discussion I brought 
it up and we finally agreed on the ap- 
proach. We decided to wait and approach 
him at the opportune moment, not to 
discuss it while he was in his work area 

After approaching the employee and 
passing a few casual remarks the dis- 
cussion turned to work shirts and how 
hard they were to get. Right along with 
that point it was brought out how much 
longer shirts would wear if they -were 
washed periodically. Do you see what 
you are doing? You are getting that in- 
dividual to do the thing you want him 
to do by putting it in such a way that 
he will want to do it knowing that he 
will benefit by it. Whenever you tell a 
man that he is going to save money by 
doing a certain thing, he is interested. 

To answer the second part of your 
question, you can not put it over too 
well in lectures. An individual can ab- 
sorb only 7 sec. of instructions at one 
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time. I think the discussion method, in 
which questions and answers serve as a 
means of getting a message to supervisors, 
is more beneficial than cither slides or 
lectures because you get so many different 
viewpoints. There are many things that 
you can get in a discussion that are 
impossible to get in a lecture 

MemsBer: How can you get more work 
out of the union committee, the “invisible 
foreman?” 

Mr. Garry: Your foreman conferences 
will teach you how to eet along with 
those men. I do not mean you have to 
give them everything they want because 
there are ways of telling people “no.”’ 
Put it to them in a way that they will 
accept 

MemeBer: In our work they set the 
standard of how much work they think 
is a fair day’s work 

Mr. Garry: They set the standards? 
Wherever you have a group that feels 
they have the authority to change stand- 
ards it becomes the foreman’s job to 
change that idea if he is not in agree- 
ment with it. Our part of the program 
is to try to put that information over 
to them in the best way we know how 
We are not always going to be successful 

Memser: This training problem is a 
serious one. From listening to your 
remarks, I think that your efforts have 
been directed to trying to combat the 
unionization of foremen. Nevertheless, 
there is another job to be done. I have 
participated in foreman conferences since 
World War I. I do not think techniques 
or procedures offer the answer. 

You have stressed in your paper the 
application of the conference technique 
What other procedures do you use with 
your foremen to try to inculcate into the 
newly appointed foreman that he is a 
part of management? Do you use such 
things as special sick leave, special in- 
surance, compensation, vacation with 
pay, and other privileges and preroga- 
tives that appeal to some of the higher 
levels of management? 

Mr. Garry: In this discussion we 
talked about not being able to take any 
program and make it suitable for all the 
people that you have. We have our pro- 
grams for our new supervisors in which 
material will be discussed that pertains 
to the new supervisors. As he progresses, 
so the subject material progresses. In 
other words, we start him at the bottom 
as far as foreman conferences go. We do 
not start him at the top with conferences 
in economics or effective speech. The 
only way that I can answer that is by 
saying that we do have the material to 
satisfy the needs of the individual super- 
visor. 

I do not think that your foreman train- 
ing program will cover all of your prob- 
lems. Your foreman program is made up 
so that we can help the supervisor with 
some of his difficulties and relations are 
the biggest part of his troubles. The 
foreman training program is not going 
to stop strikes because if the people want 
an increase of 20 cents on the hour and 
management does not feel that they can 
pay it, the supervisor is not in a position 
to make that decision. What we are try- 
ing to do in the foreman conferences is 
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to try to help the supervisors with rela- 
tions problems. 

CHAIRMAN Wartcow: That was a 
management question. Of course we con- 
sider the foreman a part of management. 
Nevertheless, he can go only so far. My 
suggestion would be to start your foreman 
training with top management. 

MemBer: With the particular associa- 
tion I am with, we do not have anything 
that is unique. It has been tried. We 
went through a strike. In the last 25 
years I have been looking for something 
to solve the problem. 

I know a good many companies in 
these United States who have been 
blessed by not having, first of all an 
organized shop and, secondly, have not 
lost an hour of production and who have 
a very loyal foreman group. I know of 
instances where they have done no fore- 
man training and still have the conditions 
that I would like to see in our organiza- 
tion and a lot of other people would like 
to see in theirs. What have they got that 
we do not have and that we can not 
see? I would like to know the answer 
to that 

Mr. Garry: This will be only a partial 
answer. You speak of organized foreman 
groups that do not participate in fore- 
man training. You may have a very high 
quality of supervisors in that particular 
department that are so far above the 
average foreman that they already know 
how to get along with people. Not all of 
us have to be taught how to get along 
with people. To some it comes naturally. 
They have pleasing personalities and 
everybody gravitates to them. That is the 
reason I say that the foreman is the 
“king pin” in the department; as he 
goes, so go the people. 

C. W. Jinnette’: Has there not been 
a ceiling on wages and salaries paid to 
foremen? Have the foremen not become 
disgruntled and has their loyalty not been 

disturbed ? 

Mr. Garry: I could cite you many 
instances when they were disgruntled and 
management could do nothing about it 
because of the ceiling on wages. We did 
have conditions existing where the man 
on the machine made more money than 
the supervisor. I think the foremen of 
World War II are the martyrs of this 
war. They have had to put up with more 
than any other group. Any supervisor 
who had 40, 50 or 100 men under him 
had that many individual problems. And 
believe me, they were individual prob- 
lems. 

T. E. Matpass’: We are a little 
foundry. We have been in operation since 
1883 and we have never had a strike. 
I want to add, though, that we do not 
think it is a disgrace in this day and age 
to have a strike. We take our hats off to 
a foreman who says, “Either give us a 
day’s work or get out.”’ That man is giv- 
ing the country production. I take my 
hat off to that foreman because he is 
fighting a difficult problem. 

Did you honestly get that man to 
change his shirt? 

Mr. Garry: Yes. 

Mr. Ma pass: By just talking to him? 

Mr. Garry: Yes. Later he told me 
that when he got home that night he 


found out why I discussed shirts, which 

from our standpoint was to be expected. 

All we tried to do was to keep from 
embarrassing thé employee. 

Mr. Matpass: You mentioned that 
if you had a man on a job snarling up 
the details, you should find out what is 
wrong at home; why he is not doing 
his job right. I wonder how long you 
would leave him on that job because 
there are some things at home that you 
nor I can change. You might be doing 
an injustice to ten men in that team by 
leaving him there. I do feel that during 
the war we took men into the shops who 
had never had a job in their life. The 
sooner that we can weed them out, the 
less trouble we will have. I think you 
have a big problem if his wife is buying 
$150 worth of books from every salesman 
that comes to the door. Can you change 
that? 

Mr. Garry: In some cases yes, in 
other cases you would not be able to 
change it. 

In answering your question as to how 
long I would leave him on the job, I 
think that should be the job of the fore- 
man who knows the individual. These 
cases are not going to work out perfectly 
but the supervisor is always striving to 
help an employee. If he puts forth a 
little effort then he is going to show a 
little progress. 

Memser: In selecting a supervisor, is 
there any general rule to promote a man 
and spend a lot of time training him for 
that job or to get a man from outside? 

Mr. Garry: When you are looking for 
a supervisor you are looking for a leader. 
You can teach a man the practical side 
of the business, but if he already has 
leadership, the rest of his work is made 
easier. 

Now as to whether I would take him 
out of the ranks or go outside, I would 
rather take him from the ranks, bring 
him up in the work he is familiar with. 

Mr. Graven: I think it is absolutely 
one of the worst things that management 
can do to get a man from the outside. 
We have had some personal experience 
along that line and if there is anything 
that will destroy the morale of the men 
in the department it is going outside to 
bring a man in. 

N. Kitcuen*: In this day and age there 
are very few men who want to come in 
and do the dirty foundry work. Ninety- 
nine times out of 100, in our own ex- 
perience, it is a man who has been thrown 
out of every other industry in town. We 
try to follow that program of dragging a 
man from the ranks, but in many cases 
the department fails to materialize or 
develop a man with that ability. 

We have instituted a program whereby 
we hire men who we feel have the neces- 
sary background and we tell them when 
we hire them that we are going to keep 
in personal contact with them in the 
hopes that they will be the foreman we 
are looking for. In other words, we are 
trying to institute a program to better 
our personnel. In many cases they are 
your secret foremen if you are fortunate 
enough to find them out. But we find 
mostly that it is an individual problem 
rather than a collective problem. 
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We had a matter of ¢ 
time. The men would nm 
spite of the fact there is 
they must be worn. Eight 
approached the problen 
manner. We bought eve: ol 
made. If we asked a ma my 
not wear them he might 

not see out of the side 

the type of goggles that 

vision all over. Or he mic 


liked the kind used in the 


so we give him a pair of ¢ W 
eight different types of ¢ s. It 
strictly an individual prob] If 


small enough so that you 
dividual contacts, I think 
better results. 

CHAIRMAN WartTcow: I thin! 
a tremendous job to get young p 
go into a foundry and work. \ 
got to build the job up for 

MemMBER: The way that we | 
overcome that in our foundry was 
new union contract we tried to 
all the previous problems we had 
them before. So far it has work 
very well. It is about two months 
There have been several times wh 
have tried to do something that t! 
before but now it is in the contract 

The story about the shirt int 
me very much. I approached it fr 
different angle. I go up and bet 
a shirt that he could not do 
trick with the provision that he 
wear the shirt. He catches on and 
comes over to me and apologizes 
being that dirty. He did not 
and did not think it made any diff 

Talking about these invisible fore: 
we just had them to put on a new shak 
out program. We had a young strik 
our shake-out group. They had a 
boy and a white boy who did most 
the talking. When it came time to cho 
the foreman, I chose the white boy and 
I think he is going to be a suc 
think he is going to be just what I want 
because, in the first place, I knew 
was capable. In the second place, I tr 
to impress upon him that I did not want 
him to work for nothing but I did ex- 
pect a good day’s work for a good d 
pay. If I was overworking the men, 
had to be sold on the idea that I was 
expecting too much. Until he could s 
me, I was right. I think I will ha 
success. 

MemBeErR: We are talking about fore- 
man training. I am sure Mr. Garry wil 
join with me in saying that foremat 
training alone is not the answer. We ma 
have to do even a little more than o! 
the job training, but it is an overall jo! 
One of the solutions of getting good bon 
fide men is to have an adequate supp!) 
of apprentices. 

It was my pleasure to n 
many of our former apprentices over U 


wit 


a 





4 
t a good 


past 25 years and there is not one o 
them who I met who is not toda) 

foreman. I think that is one of the sources 
of good foremen so when w k about 
training, we should think of overall 


training program. 
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WET TYPE DUST COLLECTORS 


» Dust particles, in wet type dust collectors, 
are entrapped in a liquid, usually water, and 


conveyed by the liquid to a settling tank. 


Four 


general types of wet type dust collectors, namely, 
spray or water curtain type, dynamic precipita- 
tor type, impingement type, and the combination 
types of collectors are discussed. 





YET type dust collectors have 
\\ common basic operating 
nciple. Dust particles are 

| in a liquid, usually water, 


yed by the liquid to a 
tank or disposal area. 


General Types 
ethod of entrapping the 
rticles varies with the design 
the collector. The desired water 
terns for collection are obtained 
sing a fresh water supply, recir- 
pump, rotor, or the air 
itself. The types of wet col- 
tors are as follows: 
Spray or water curtain type. 
Dynamic precipitator type. 
Im 


Combination of the 


ungement type. 


above 


water curtain type col- 
sale tor. In the spray or water curtain 
e dust laden air is drawn through 
or more stages. The water pat- 
d tem is produced by nozzles, high air 
A considerable 
ount of water is carried upward 
the air stream to the moisture 
nators where it 


the air and drains downward 


ocity, or a rotor. 


is separated 


flushing the surfaces. 
Usually the liquid is recirculated 
ter a settling period in an integral 
tank. A small amount of make-up 
required to compensate for evap- 
ition and sludge handling. 


(00d Dyr 1 precipitator type collec- 
= In the wet type dynamic pre- 
ti Fig. 1) the collecting unit 
’ Presented at a Session sponsored by 
he Satcty and Hygiene and the Plant 
— . . ‘ i 
and Plant Equipment Committees at the 
‘utieth Annual Meeting of the Amer- 
| Foundrymen’s Association at Cleve- 
nd, } 6, 1946. 





also serves as the exhaust fan for the 
system. Sprays are located in a pre- 
cleaner section and in the impellet 
unit. 


Che entrained liquid and dust are 
thrown against the impeller blades 
and the dust and water precipitated 
through a by-pass into a sludge hop- 
per or tank. Usually the liquid is 
not recirculated but runs off through 
an overflow pipe from the settling 
tank. Ordinarily a fresh water sup- 
ply is required. 


Impingement Type Collector 

Impingement type collector (Fig 
2) is usually designed to direct air 
flow so as to create the desired water 
pattern and impinge the dust parti- 
cles against wetted surfaces in one 
or more stages. The water is admit- 
ted near the top of the collector, just 
below the moisture eliminators. It 
descends against the air stream 
washing all the surfaces and carry- 
ing the dust downward. 

A settling tank may be used or 
the effluent may be pumped or 
drained to the disposal area. 
ally the liquid is recirculated unless 
the effluent is taken directly to the 
disposal site. A small amount of 


Usu- 


make-up is required to compensate 
for evaporation and sludge han 


dling. 


Combination Types of Collectors 
In combinatiton type collectors 
(Fig. 3), the dust laden air is usu- 
ally first subjected to a spray and 
then forced through nozzles or bub- 
ble caps so that the air 
through the liquid. Sometimes the 
liquid is treated with a wetting 


passes 


agent to form a foam bed through 
which the air passes. The dust then 


settles to a sludge tank. In some 
designs the liquid is recirculated and 
Make-up is 


required for evaporative and sludge 


in others drained off 


handling losses. 


Foundry Applications. Most wet 
collectors have a relatively high efh- 
ciency and are used for dust control 
of all foundry operations requiring 
collection including grinding and 
cleaning room equipment. They are 
especially well adapted for handling 
air at a wide range of temperatures 
and moisture content as in the case 
of shakeout and sand conditioning 
operations. Collectors have the ad- 
ditional operating features: 

1—No fire hazard present 

2—-No health hazard in handling 
the collected dust since it is in the 
form of sludge. 

3—Constant resistance for a given 
system eliminating fluctuations in air 
volume. 

t—Continuous operation is possi- 
ble since the collected dust is 
washed down constantly to the set- 
tling tank. 

Collector installations. Collector 
installations are varied to suit re- 
quirements (Fig. 4 and 5). They 
range from a small completely self- 
contained unit for an isolated opera- 
tion to a complete foundry system 
involving a number of collectors. In 
larger projects a study should be 
made to determine the most econom- 
ical arrangement 
flexibility of foundry operations, sat- 
isfactory performance, and ease of 
maintenance. The tendency in our 
company has been to locate the col- 


consistent with 


lectors as close to the dust pick-up 
points as practical and to use a cen- 
tral dewatering system. 
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(Courtesy, American Air Filter Co., Inc.) 


Fig. 1 (Above}—Dynamic precipi- 
tator type collector with settling tank 


and slud ge é je ctor. 


Fig. 2 (Below )—Cut away view of 
an impingement type _ collector. 
W ate? against the aw 


stream washing al! the surfaces and 


de S¢ ends 


carrying the dust downward. 


ENTRAINMENT SEPARATOR 


| (ni 


WATER AND SLUDGE 
OUTLET 


OUTLET 


SLUDGE TANK 


(Courtesy, The R. C. Mahon Co 


Fig, 3 (Above) View of a com- 

bination type collector where dust- 

laden air is subjected to a spray 

treated with a wetting agent form- 

ing a foam through which the ai 
passes Patented ). 


Wet Type ID 


ue 


Fig. 5 (Above } Colle 
of building to avoid | 


S pac é. 


Fig. 4 (Belo Cleaning room collecto supported overhead 
o} working Space. 








advantage of sav ing 


reducing duct mainte- 
ctors should be located 
ing valuable working 
may be located above 


those types having a 





ing tank may be placed 
out danger of freezing 

inlet air is well above 
emperature. 

peration. In operating 
ollectors care should be 
the 


Otherwise, 


llow manufacturer s 
inefhicient 
orf and increased wear 
[There should be an ade 

ly of Fig. 6). Or 

lina water supply should be 
nter 1 with the fan 
the collector from 


water 


motor to 
being 
perat dry. 

It often is advantageous to 
ugh the collector a short 


run 


the exhaust system has 
to flush the collector 
ind effluent lines The 

should be inspected period- 


rhaps once a month. Mois- 


heen shut off 


when used. 


iinators should be given es- 







} 
peciai attention as mor 


usually occurs there than in other 


portions of the collector. A sma 


I 


amount ol preventative maintenancs 


will save a lot of time later on 


Sludge Handli In 


dust has litth 


general the 


collected value ind 


can be readily transported to the 
disposal area. The method of han- 
dling is influenced by sludge: quan- 


tity, relative location of s¢ ttling tank 
to dump, and transportation facili- 
The 


moved from the tank by hand. grav- 


ties available solids are re- 
ity, or conveyor or other mechanical 
means. 

Equipment used for carrying the 


solids to the disposal site may range 


from a wheelbarrow to a railroad 
car. However, dump buckets are 
most frequently used. It is some- 


times possible to eliminate most of 
the sludge handling by pumping the 
sludge from the settling tank to the 
Such a 
laid out carefully to avoid plugging 


dump. method should be 


the pipe. 


Equipment Selection. Dust 


col- 


Ci 
Bottom dump recirculating tanks for 


ing directly 


bb4Y 


. ; 
iccting CQuipnn nt should be sciect d 


that will give required results with 


minimum initial and upkeep costs 


Duc 


present 


to variations in installations and 


conditions, no reliable cost 


; 


information can be given for com- 


plete systems 


Vhe run from a few 


cost may 


hundred dollars per thousand cim 
handled In 


dollars 


large systems to 


ot all 


thou- 


several hundred per 


sand for small systems. For this rea- 
son dust pick-up points should be 
combined in as iarge a system as 
possible without sacrificing fl xibility 


of foundry opt rations 


Summary 


General types ot wet collectors 
and their application and operation 


There 


those 


have been briefly discussed 


are several vanations from 


mentioned and their installation and 
operation may have to be modified 


accordingly However, most wet 


type dust collecting equipment can 


be installed with a minimum of in- 


terference with foundry operations 


and will give satisfactory results 





Fie 


load- 


ynveyor type recirculating tant 


into truck or railroad car 
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BorRE CRACK IS THE TERM ap- 
plied to a fissure-like defect which 
frequently occurs in the bores of 
valves and fittings. These so-called 
bore cracks extend circumferentially 
around the bore directly under the 
flanges and may vary in extent from 
a few degrees to the complete cir- 
cumference of the bore. 

These cracks occur in a _ large 
number of the valves and fittings 
made commercially and, unless the 
crack is repaired, leakage may re- 
sult. Cases have been known where 
the defect extended so far into the 
flange that it reached the bolt holes. 
When such fittings were placed in 
service, steam leaked through the 
crack and out around the bolts. 

Repairing the cracks is time con- 
suming and difficult due to their in- 
accessibility, and naval vessels are 
sometimes put out of service for a 
day or more while a bore crack in 
a valve or fitting is repaired. The 
purpose of this work was to deter- 
mine the causes of bore cracks and 
to develop foundry practices to pre- 
vent their occurrence. 

General Considerations. Bore 
cracks, except in severe cases, are 
not visible to the naked eye and 
their prevalence in valves and fit- 
tings was not known until magnetic 
powder testing was used to detect 
them. The Boston Navy Yard found- 
ry was among the first to test valves 
and fittings on a large scale by mag- 
netic powder methods, and _ they 

*Now Associate Professor of Mechani- 
cal Metallurgy, Massachusetts Institute 
of Technology, Cambridge, Mass. 

Presented at a Steel Session of the 
American Foundrymen’s Association at 
Cleveland, May 8, 1946. 

Note: The opinions expressed are 
those of the authors and do not neces- 


sarily reflect the views of the Navy 
Department. 





found that a very large percentage 
of their castings contained the defect. 

Other foundries manufacturing 
valves and fittings reported the same 
startling results. One manufacturer 
of valves and fittings has kept sta- 
tistics on their castings and ‘found 
that the crack occurs more fre- 
quently in fittings than in valves, 





Bore cracks are hot tears 

which occur in the bores of 
valves and fittings under the 
flanges. They are caused by 
stresses which result when the 
ends of a valve or fitting and 
the comparatively .thin barrel 
contract circumferentially and 
pinch down on the core, thereby 
restraining linear contraction 
from taking place. Bleeding 
tests show that the bore crack 
occurs after the barrel of the 
casting has solidified, at which 
time the stresses which prevent 
linear contraction exceed the 
strength of the metal skin be- 
neath the flange. This defect 
can be eliminated by two means: 
(1) by the use of a hollow core, 
which can be deformed by the 
circumferential contraction of 
the casting, automatically re- 
lieving the stresses and permit- 
ting linear contraction to take 
place, and (2) by the use of 
graphite collars or properly de- 
signed steel chills in the core 
which chill and strengthen the 
metal in the casting so that its 
strength exceeds the imposed 
stress. Theories of the cause 
and formation of veins, which 
are closely allied to the bore 
crack, are also presented. 











and also that the prevalence ang 
severity of the crack increases wit) 
the bore diameter of the casting 
Although this defect must hay 
occurred in many _ thousands 
valves and fittings made sinc 
steel casting industry came into 
istence, practically no technical dat 
with which to start in obtaining ; 
solution to the problem wer 


able because the prevalence and 
riousness of the defect was not r 
ized. A diversity of opinion existed 


among foundrymen as to the rea 
character of the defect; some be- 
lieved it to be a hot tear, othe 
shrinkage, and some suspected that 
core gases were instrumental 
forming the crack. 

The most generally accepted the- 
ory and the one to which the au- 
thors subscribed was the defect was 
a hot tear. Hot tears are caused b 
hindered contraction and can occu 
only when (1) the design of th 
casting is such that the contracti 
of one member of the casting is re- 
strained by other members of thy 
same casting, or (2) sand or cores 
of the mold restrain contraction 

Since the design of fittings does 
not make them susceptible to thi 
type of tearing, the first of thes 
causes can be ruled out. A hot tea! 
due to the design of valves ma) 
occur if the valve seat cools mort 
rapidly than the rest of the casting 
and tears away from the valve body 
but it is inconceivable that this could 
have any bearing on the tears under 
the flanges. 

It was by no means apparen! 
how the mold or core could cause 
the tears to occur at the position 
which the bore cracks are always 
found. The most logical place !0! 
tearing to occur in a fitting would 












—Tp——_ 








more 


asting 
body 
could 


under 


cause 
on in 
|ways 
e for 
ould 
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/—Large test fitting. 


junctions of the flange and 
the outside of the casting. 
Had tearing occurred there, it would 
ent that the sand between 

flanges prevented over-all con- 

' the casting and that the 
barrel had simply pulled away from 

e flanges. 

If the defect is a hot tear, hidden 

which caused the crack must 
resent somewhere in the mold. 
[hese stresses need not necessarily 
be great. Korber and Schitzkowski' 
have determined that hot tears in a 
plain carbon steel occur in the vicin- 
ity of 2370° F. (1300° C.), at which 
temperature mold resistance begins 

hinder’ contraction. K. Singer? 
ind others agree that Korber and 
Schitzkowski’s conclusions are cor- 
rect 

Hall’, in England, has determined 
the tensile properties of cast steels 
it elevated temperatures and found 
that at 2370° F. (1300° C.) a 0.26 
per cent carbon steel has a tensile 
strength of about 1,600 psi. and 
negligible elongation. At 2552° F. 
1400° C.) this steel has a tensile 
strength of approximately 200 psi. 
and no elongation. Hall’s test bars 
were cast in sand molds contained 
in an elaborate machine and were 
pulled when the metal cooled to the 
desired temperature. 

Dupuy* has also determined the 
high temperature properties of plain 
arbon steels. However, his speci- 
mens were machined from ingots 
and heated in a carbon resistance 
furnace mounted on his tensile ma- 
chine His tests show that at 2370° 
F. (1300° C.) steels containing be- 
tween 0.15 and 0.55 per cent car- 
bon have a very low tensile strength; 
but. contrary to the findings of Hall, 
these teels have extremely high duc- 
tity 

Dupuy found that as the steels 
were heated to about 2100° F. 
(1150 C.) they showed reduction of 
area values of 100 per cent and 
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maintained this extreme ductility up 
to about 2550° F. (1400° C.); 
above this temperature the ductility 
dropped almost to zero. Dupuy’s 
work was undoubtedly more accu- 
rate than Hall’s, but his experi- 
ments did not reproduce the condi- 
tions of steel cast into sand molds 
as did Hall’s. However, Hall and 
Dupuy agree that around 2550° F. 
(1400° C.) both the strength and 
ductility of steel are quite low. 

Briggs and Gezelius®"* have 
made comprehensive studies on hin- 
dered contraction and the mechan- 
ism of hot tear formation and _ be- 
lieve that hot tears occur at tem- 
peratures of 2370° F. (1300° C.) or 
higher. They have pulled tensile 
bars cast into molds contained in a 
tensile machine after the fashion of 
Hall, although their machine was of 
a completely different design and of 
simpler construction, 


Hot Tear Temperature 

They found that at 2370° F. 
(1300° C.) a Navy “Class B” steel 
of 0.25 per cent carbon had a ten- 
sile strength of approximately 1800 
psi. and an elongation of about 5 
per cent, while at 2550° F. (1400 
C.) the strength was 900 psi. with 
less than 0.5 per cent elongation. It 
thus appears from work published to 
date that steel castings are most 
prone to tear betwgen 2370 and 
2550° F. (1300 and 1400°C.). 

It is the authors’ opinion that the 
hot tears occur at temperatures 
near 2550° F. (1400° C.) where 
both the strength and ductility of 
the steel are low. If the strength of 
the solidified section of metal were 
sufficient to cause deformation of 
the sand as the metal contracted, no 
tearing would occur even if the duc- 
tility of the metal was low. 

If the metal had sufficient ductil- 
ity to flow plastically as contraction 
occurred, it would not tear even if 
it had little strength. Thus, it is 
reasoned, both low strength and low 
ductility are requisite to the forma- 
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Fig. 2—Small test fitting. 


tion of hot tears. This condition ex- 
ists at temperatures very near the 
solidus 

Method of Procedure. The test 
castings used for this work were the 
fittings shown in Figs. | and 2. A 
fitting was used rather than a valve 
casting primarily because it had been 
observed that the defect occurs 
more frequently in fittings. 

Figure 1 shows the fitting with 
the 5 in. diameter bore which was 
used first, but was soon replaced 
with the smaller fitting of Fig. 2 
which required only a quarter of the 
amount of metal needed for the 
large fitting and still exhibited the 
bore crack clearly. The sand used 
in making the molds was a New 
Jersey silica sand with an A.F.A. 
fineness number of about 70. The 
composition and properties of the 
molding sand and core sand were as 
shown in Table 1. 

These compositions make hard, 
strong molds and cores, and severe 
bore cracks were obtained under 
both flanges of the test casting. The 
metal used in the tests, except where 
otherwise noted, was Navy “Class 
B” stee! of approximately 0.25 per 
cent carbon, 0.60 per cent manga- 
nese and 0.40 per cent silicon. The 
melting for most of the castings was 


Table 1 
SAND CoMPOSITION—PROPERTIES 


Molding Core 


Components, per cent Sand Sand 
Bentonite 2.5 
Dextrine 1.2 
Cereal Binder 0.3 0.5 
Sand 96.0 97.5 
Kerosene 0.5 
Linseed Oil —- 1.5 
Moisture 3.8 5.0 
Properties 
Green Permeability...... 85 
Green Strength, psi. 3.5 1.5 
Dry Permeability 120 90 
Dry Strength, psi. 300 1000 
Hardness............ 60 
Flowability................... . 80 85 

































672 Bore CRACKS IN §S 
done in a 300-lb. basic induction more common hot tears, such as 
furnace and a few heats were made chills, brackets, and unconventional 
in a 1,000-lb. basic-lined arc fur- gating methods were applied to the 
nace. test fitting in the experimental work. 
In preparing the castings for ex- Since stresses must be present dur- 
amination, the flanges were removed ing the formation of a hot tear, cast- 
from the barrel, either by cold saw- ings were made to determine the 
ing or flame cutting. The flanges location of these stresses. The 
were then sawed across the diameter stresses could arise from _ three 
to make the bore of the flange more sources: casting design, mold resist- 
accessible for magnetic powder test- ance, and core resistance. 
ing. Figure 3 shows a pair of flanges Experimental fittings were also 
from a test fitting with the black made to determine how the bore Fig. S—Examini» 
magnetic powder indicating the bore crack was influenced by foundry magnetic f 
crack, and Fig. 4 shows a flange sec- variables such as pouring tempera- 
tioned, with the magnetic powder ture, mold atmosphere, metal com- ee 
indicating the depth of the crack. position, and gating and risering a aera . 
; : om ; vates the condition wh 
In making the’ magnetic powder methods. The results of these tests hot tears in the casti: B, 4 
test a D.C. magnetic testing machine are described in the following para- iach die ene “aie a ime ; 
was used. Prods were placed on graphs. cin deka: a Tene aie 
each sawed surface of the half-flange Gating and Risering. The ideal Pager we : 
; aap ent, at which tearing ox 
so that the current passed com- method of molding a pressure fitting cxtesnad tance, wsnalh 
pletely through its semi-circular sec- such as is shown in Fig. 1 is to use ance, must be present to 1 
tion. A current of 400 amperes was a side riser on the face of each flange cooling contraction of th 
used with low voltage. Figure 5isa with gates leading into each riser. Hot zones in the pressur 
photograph of a casting being ex- Che riser may be either blind or are the flanges, since th 
amined with magnetic powder. open, Because the barrels of the fit- ute cemalens ‘Thy ; 
Bore cracks cannot be readily de- tings are of thinner section than the gated in the manner prescrib 
tected radiographically, and the only flanges and also because the metal good foundry practice, ae meer 
| effective means of observing them, in the barrel, being furthest from by the metal flowing through 1 
other than by the use of magnetic the gate, is the coldest, solidification aieit Un Taek étintimireticn " 
powder, is hot acid etching. begins in the barrel and proceeds to flange areas is increased 
. Since it was believed that the de- the flanges and then to the riser. To eliminate this preheating ef 
fect was a form of hot tear, the While this gating and risering a fitting was made, gated throu It 
| known remedies for eliminating method is best for obtaining a cast- 11 finger gates of 34-in. squar : 
section spaced along the ent us 
length of the casting. With tl 
ing procedure no part of t! 
was appreciably preheated. H 
ever, examination of | this t 
showed .that the bore crack ing 
sisted. The hot zone at the flang - 
was still of sufficient intensity | rg 
enable the bore crack to forn l 
Test Gating Method = 
A test fitting was ther id vate 
gating through four smal! blind 
L ers, two on each side of the 
with open risers on the fl 
gating method further reduced t 
perature gradients sinc b 
was thus preheated by the met \ 
flowing through it, and the flang t 
which normally have a hig! 


content because of thei 
filled with the coldest met 

This gating method di 
to be the solution to t! 
although, in the sever ting 
poured in this manner 
crack was less severe th: 
castings gated through t! nges 





Fig. 3 (top)—Typical bore crack indicated by magnetic powder. Fig. 4 Some of the large test fit ngs “' 
' (bottom )—Flange sectioned to show depth of crack. made by gating into the ting s 












H. F 


tting as removed from 
ng gating and risering 


1 in making test castings. 


d open risers on top of 
as shown in Fig. 6. Al- 
theoretically, top risers do 
as completely as do side 
difference is apparent in 
tibility to bore cracking of 
ered at the top or at the 
It has always been noted that 
crack has a tendency to 


the bore opposite from the 
heat riser. With top risers the crack 
ly is on the of the 


srrel. and with side risers the crack 


bottom 


} 


1 on the side opposite the 


decided to use the top 

ser method in subsequent tests be- 

use it permitted the use of a 

ler flask and less sand. The 

test fitting of Fig. 2 was also 

H dopted at this time since it 
ind that it exhibited the 
rack very clearly and required only 
25 per cent as much metal as the 


was 
bore 


rger one, 
[It was noted that if only one of 
the two flanges of the test fitting 
as gated, the bore crack under the 
sated flange was more severe than 
inder the ungated flange. The 
king under this flange was also 
evere than that in fittings in 
vhich the metal introduced 
ugh both flanges. 

Many of the castings in subsequent 
ng ests were gated into only one flange 
—_ the supposition that this was a 

evere test and that any cor- 

measure found under these 

ns would work under 
conditions. 

st the possibility that, be- 

compression of the casting 

ead of molten metal, bore 

might not occur in a fitting 

a vertical position, the small 

‘est hi ing was molded in this man- 


was 


any 
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ner with two blind risers on the 
bottom flange and two open risers 
with the 


leading into the bottom. 


on the top flange, gate 
Severe tears were present in both 
with the 
bottom flange having the most se- 
The 


metal 


flanges, as shown in Fig. 7, 


vere tears. pressure of this 


column of does not act to 
prevent bore cracks. 

Effect of Molding Sand Between 
the Flanges. 


as a skin on all mold surfaces and. 


Steel begins to solidify 


as the metal cools, the skin becomes 
increasingly thicker. One theory of 
the cause of bore cracks, which was 
disproved in tests, was that the sand 
between the flanges of a fitting pre- 
vented that the 
trans- 


contraction and 


stresses on the flanges were 


mitted from the inner flange face 
to the bore through the solid skin 
of metal around the casting 

The inner part of the casting, of 
course, was still molten while the 
transmission thought to 
take place. It that 


when the stresses in this envelope 


stress was 


was reasoned 


of metal became sufficiently large, 
tearing 


point in the system, which was the 


occurred at the weakest 
hot zone under the flange. 

To help the casting resist the 
stresses imposed upon it by the mold- 
ing sand, four long webs were cut 
along the length of the 
tween the flanges, extending about 
2 in. radially 
of the barrel. The webs were spaced 


mold be- 


from the outer wall 


equally around the mold cavity 
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These thin members solidified and 
cooled rapidly in relation to the re- 
mainder of the fitting. Therefore, 


had 


strength when the casting was con- 


they de velop d_ considerable 


tracting and assisied in counter- 


balancing any resistance which was 
offered by the 


fined between the 


sand con- 
No crac ks 


were formed in the webs, but severe 


molding 


flanges 


bore cracks were formed as usual. 
Another with 


ashes in the 


casting was made 


mold 


flanges to increase the collapsibility 


between the 


of mold: this casting also contained 
bore cracks. 

To positively insure adequate 
elimination of mold resistance, four 
molds were made of the fitting with 
relieving cavities completely encir- 
The 
patterns for the relieving cavity were 
face of 


cling the flanges and risers. 


molded around the inner 
both 
\4,-in. of sand between them and the 
flanges. The metal broke through 


the thin wall of sand separating the 


flanges so as to leave about 


relieving cavity in 
the other 
sustained the 


from the 
two of the tests, but in 
tests the 
metal pressure. 

The 


cracking 


mold 


[two sand 


could be 
after 
ing, indicating that no appreciable 


built inner 
nevertheless. the fit- 


sand wall seen 


inward soon pour- 


stresses were upon the 


flange faces: 
tings contained bore cracks of the 
as others made with 


same severity 


no relieving cavities. From these ex- 


periments it was concluded that the 








Fig. 7 


Flanges of a fitting cast in vertical position. , Lower flange in photo- 


graph was the bottom flange of casting. 
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mold itself had no influence on bore 
cracking and that the cause of the 
defect must be found in the core. 

Brackets. A 


preventing hot tears in steel castings 


common method ol 
is to employ chills or brackets at 
the point in the the 
tears occur, and it was though that 


mold where 
these devices might prove helpful in 
preventing bore cracks. 

Several molds were made for the 
fitting with the 5-in. bore using cores 
which had 1% in. long brackets cut 
the 
cut 


them at positions under 
flanges. The brackets 
parallel to the axis of the core and 


into 
were 


were placed about 2 in. apart com- 
pletely around the core. Examina- 
tion showed that the bore crack had 
shifted to the ends of the brackets 
toward the barrel of the fitting. 
When the length of the brackets 
was increased, small tears were found 
between the brackets in their normal 
position under the flange, as seen in 
Fig. 9. Perhaps more closely spaced 
brackets would eliminate the defect 
completely, but the cost of removing 
them from the bore of the casting 
would make their use impractical. 
Steel Chills. The Dodge Steel Co.., 
Philadelphia, bar 
chills molded in the core at positions 
under the flange to prevent bore 
cracks. This expedient was tried on 
the large test casting of Fig. 1, 
rectangular bar chills of Yax¥2x14 
in. They were placed in the core at 


has used steel 


using 


Fig. 8 





Fi g. 9 


Fitting made 


the position where the bore crack 
occurs, spaced about one in. apart 


and extending completely around 
the core. This casting was gated into 


only one flange. 


When the casting was examined 
no evidence of tears under the flange 
of the ungated end appeared, but 
under the gated flange it was found 
that the tear had been shifted from 
its usual position to the end of the 
chills the When still 


longer chills were used, the tear con- 


into barrel. 





Two flanges from a test fitting. A pyrex tube was molded under the 
flange at top of photograph and acted as a mild chill. 
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with brackets in core 


tinued to move to thei 
into the barrel. 


Sometimes the tea 


at the ends of the chills 


flange face of the casting 


case a bore crack was 







than '%4-im. from the externa 


of the flange. 


} 


It was beli 


1 


the reason tears occurred at tl 
tra 


of the chills was that th 


from the 


of chills were made (typ 


chilled to the 


metal was too abrupt, so a 


10 and 11) which tapered 


feather edge on one end 
These chills 

into the core at 

as were the rectangular 


were li 
the sam 


r 
cl 


il 


ul 


1 + 


0 


I 


t 
" 

it 

ill 


the feather edge extending int 
barrel and the opposite end exter 
Che casti1 
ks 


ing into the core print. 
were free from bore « 
these chills were used 


I 


I 


1 
ne 


need not be placed in the sectior 


the core immediately adjacent t 
riser since it has frequently been 


served that the tenden 
crack occurrence in this 
small. 

It is desirable to sta 
pered chills so that tl 
ends do not terminate 
circle. This practice h 
found necessary to e! 
bore crack, but helps t 
transition between the 
unchilled parts of the 
gradual and gives add 
of obtaining the desired 

However, it has been 


i 


; 


Dt 














[ype s of chills used 


hore cracks: A and B 
C and D—Graphite 
| /] (bottom Cores con- 


hilis shown in Fig. LU 


ssary that the untapered 
und the chills extend beyond the 
na to the core print. This pre- 
ved that necessary to preclude thi 
the bility of tears forming at the 
Fansit the chills near the flange 
incl ‘ { tape red ends ol the .f hills 


—_ nd into the casting to 
A, Fig itely the 


the flange joins the barrel 


line where the 


ting 


por ller test fitting of Fig. 2 
posit made without the occurrence 
racks by using chills of the 
those 
Cxtent- oing but with cross-sectional 
To deter- 


neces- 


sign as discussed in 


ng ns of 44x4-in. 
Migs v many chills were 
qd the core to 
olds of the 
le with the 


one flange. 


tears, 
fitting 
leading 


prevent 
small 


gate 


chills 


the cores under the flange 


iT OT . 
a Varying numbers of were 


the gate was connected, 
opposite end was molded 
n core sand. Since the most 
re cracks have always oc- 
the gated ends of the test 
he chills were tested under 
onditions. Ten chills, six 
rag and four in the cope, 
cient to prevent tearing in 
ular fitting, using the core 


viously described. 


r, a severe bore crack, ex- 





H. F. Bisuop Anp W. 


H. JouNnson 


tending completely around the cast- 


ing, occurred under the opposite 


llange where no chills were located 


Figure 12 shows the two flanges of 


the test fitting after they were sub- 


jected to magnetic powder testing 
Another 


type of chill used in the 


cores was the thin chill shown in 
B of Figs. 10 and 11 hese chills 
were 4 in. long, 134 in. wide, and 


only 1/16-in. thick, and were made 
to conform to the contour of the 
bore of the fitting Chey were mold- 


ed side by side in the core with nails 
through the holes for anchorage. and 
they extended around the core ex- 


cept for the position under the riset 


\s in the case when bar chills are 
used, the ends of these chills should 
extend into the core print. For the 
mall test fitting, three chills in the 
drag and two 1n the cope of the core 


crac ks, No danger 


of developing longitudinal tears im 


preve nted bor 
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when these 


thin and sufh- 


the fitting exists using 
they are 


to yield independ- 


chills since 
ciently narrow 
ntly as contraction takes place 
A disadvantage in using these 
chills is that of frequent fusing to 
the casting, even when coated with 
and it often is 


a refractory wash, 


necessary to remove them by grind- 
However, the add- 


chills is 


ing oO! chipping 
ed effort of 
certainly less than would be required 


removing the 


to remove a bore crack and repair 
it by welding 

A chill 
thick, 
chilling effect since 
size quickly reaches the temperature 
of the metal in the casting. How- 
ever, a thin chill strengthens the 
skin sufficiently to 
to resist the 


which is only 1/16-in 


as these are, has only a slight 


a section of this 


metal enable it 


tearing stresses. 
Chills. Chill 


Graphite studies at 


the Naval Research Laboratory have 





Fic. 12—-Flanges from a test 


fitting. 


Steel bar chills were molded in core 


beneath flange on the left. 





Fig. 13 


Fitting made as in Fig. 12, but with graphite chills in the core. 
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shown that, on a _ volume. basis, 


graphite has approximately two- 


thirds of the chilling effect of steel. 
chill is desirable for 


Since a mild 


use in bore cracks, it 


was thought that the graphite chills 


preventing 


could be used to advantage. The 


chills were used in two forms as 
shown in C and D of Figs. 10 
and 11. 

One type of chill was the rec- 


tangular stick “%2x'% in. in cross sec- 


tion and 2!'% in. long; the second 
type was the circular graphite collar. 
The sticks were molded in the core 
in the same manner as were the 


chills. The 


molded in the core, one-half 


steel graphite collars 
were 
in the cope section and one-half in 
the drag section so that, when the 
core was pasted together, the graph- 
ite collar completely encircled the 
core, 

A series of small test fittings was 
poured to determine the value of 
graphite chills for preventing bore 
cracks. The fittings were gated into 
one flange and fed by open risers. 
Some of the cores contained vary- 
ing numbers of graphite sticks and 
others contained the collars, which 
varied in thickness from Y¥ to %-in. 
that for this 
ticular fitting, five of the Yax2x2\- 


It was found par- 


in. sticks in the drag and four in 


Fig. 14—Fitting flanges cast with graphite collars in core. 








Fig. 15 
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Two flanges from a fitting. Flange on right chilled wit) hh 


collar, defective flange unchilled. 


the cope were sufficient to prevent 
bore cracks. None of the fittings 
with the graphite collar chills had 
the defect. 

However, when the molten metal 
came in contact with the graphite 
chills it became locally enriched with 
carbon heavy refractory 
wash was applied to the chill. Un- 


unless a 


less such a wash was applied to the 
chill, the metal adjacent to it ab- 
sorbed carson in quantities usually 
sufficient to give the metal surface 
iron under 


an appearance of gray 
5 4 


microscopic examination. 


Although a graphit 
'g-in. thickness has sufficient 


ing effect to prevent tearing 
leaves a poor surface on the casting 
Increasing the chill thickness 


proves the surface appearanc 

tendency of thy 
Appare ntly 

thin chills become too hot and 


reduces the 
to absorb carbon. 





is evolved from them whic! 
a poor surface. 

For the small test fitting used 
these experiments it was found tl! 
when the chill thickness was 
or more, the surface next 


chill was as good as that with sa 


Graphite is expensive and a graphit 
chill can be used only once wher 
metal chills can be used repeated 


so, for reasons of economy 
chills are preferable. 

Figure 13 is a photograph 
flanges of a fitting in which 
flange was chilled 
sticks and the other flange was 


chilled. -The graphite sticks act 
the same manner as do the ste 
chills, although with less chilli 
action. The magnetic powder 


cates the bore crack in the uncl 


end of the casting. 


Graphite Collars 


Figures 14 and 15 are photographs 


of flanges cut from a fittin 
with graphite collars the cor 
The casting in Fig. 14 was m 
with graphite collars nder bi 
flanges, while the casting in Fig 
was made with a collar under on’ 
one flange. This phot yh 
trates the effectiveness he graph- 
ite in preventing bore ks sl 
the chilled flange is com) letel 


from bore cracks while 


with graphit 


fitting made 
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Fig. 16 


thout the collar exhibits a 
of bore cracking. 

M foundrymen who have dis- 

his problem with the authors 

of chills as a remedy for 

ks. One objection is the 

that the chills will choke off 

to the barrel of the casting. 

No abnormal shrinkage has been de- 

1 in the barrels of the test 

vs made with chills in the core. 

Sor centerline shrinkage was 

but it is a safe prediction 

10 per cent of all fittings and 

shrinkage. 

Duma’ have shown 


have centerline 
Brinson and 
that feeding can take place 
ly a short distance in thin 
such as are usually found 
and fitting bodies. For ex- 


Casting bled 15 sec 


Bishop AND W. H. Jounson 


ajter pouring. 


ample, a Y2-in. section can be com- 
pletely fed for a distance of only 
one in. 

Also, since no chills are needed in 
the part of the core beneath the 
riser, feed metal is readily accessible 
to the body of the casting through 
this area. Any material that acts 
as a mild chill and withstands the 
temperature of molten steel can be 
used to prevent bore cracking. 

Figure 8, for example, is a photo- 
graph of the flanges of a casting 
made with a pyrex tube, having an 
outer diameter equal to the bore 
diameter, molded into the core so 
that when the mold was assembled 
the tube was under one of the 


flanges. The upper flange. in this 


photograph, which shows no tear, 


is the one under which the pyrex 
was used as a chill. The other flange 
of the casting had only core sand 
beneath it and was severely cracked 

Although the proper use of chills 
was found to eliminate bore crack- 
ing, the fundamental cause of the 
defect remained obscure. Also it was 
not clear how and when bore cracks 
formed. It was felt that simpler 
remedies for bore cracking could be 
found if more information as to its 
cause was available. In an effort to 
obtain such information, a series of 
bleeding under- 
taken. 


experiments was 


Bleeding Experiments. “Bleeding” 
of castings is accomplished by in- 
verting the molds after they have 
been poured so that still molten 
metal can run out through the ris- 
ers. “Slush casting” is a term also 





g. 17—Casting bled 25 sec. after pouring. Fig. 18—Casting bled 35 sec. 


after pouring. 
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Fig. 19—Casting bled 45 sec. 


applied to processes involving the 
bleeding of castings. By bleeding the 
molds at various times after pouring, 
different skin thicknesses were ob- 
tained in the castings and these shells 
of metal were examined for bore 
cracks. 

The castings were gated into the 
barrel and had sand cores in the 
bettom of the flanges to permit air 
to enter during bleeding, and thus 
prevent collapse of the walls. Bleed- 
ing tests were made on both of the 
test fittings. Pouring temperatures of 
approximately 2950° F. (1620° C.) 
were used, 

It was found that in the large 
fitting the bore crack did not begin 
to form until about 60 sec. after 
pouring was completed. In_ the 
smaller fitting, bore cracking began 
35 sec. after pouring. Photographs 
of the flanges of the small fittings 
after they were bled at various stages 
of solidification are shown in Figs. 
16 to 20, inclusive. 

In all of the bleeding tests it was 
found that bore cracking did not 
begin until after the barrel of the 
casting had completely solidified. 
Bore cracking starts earlier in the 
smaller fitting than it does in the 
larger fitting since the barrel is 
thinner and solidifies in a shorter 
time than does the barrel of the 
larger fitting. In the bled casting 
of Fig. 16, the bore has not com- 
pletely solidified and no cracking is 
present. 

In the casting of Fig. 17, bled 
after 25 sec., the bore has just solidi- 
fied, but no cracks are present. The 
reason for the absence of cracks, 


after pouring. 


one that will be considered later as 
to mode of action in connection with 
a discussion of stresses, is that no 
hot zone is present under the flanges 
at this stage of the solidification. 
The magnetic powder on_ the 
sawed part of the barrel of the cast- 
ing near the inner faces of the 
flanges (Fig. 17) should not be con- 
strued as an indication of a defect; 
the prods of the testing machine 
were placed there and attracted 
some of the powder. In these first 
photographs the skin thickness, with 
the exception of that of the external 
corners and the mild internal corner 
made by the fillet at the junction of 
the flange and barrel, is uniform. 


Skin Thickness 

No indication of the skin thickness 
being less beneath the flange is 
shown, which would be the case if 
there were a hot spot at this point. 
After 35 sec. the bore crack had 
started to form, as can be seen from 
the photograph of Fig. 18. Figures 
19 and 20 are castings bled at later 
intervals after pouring and show 
how the bore crack grows as solidifi- 
cation proceeds. 

Stress Factor in Bore Cracking. 
External corners in castings always 
cool and solidify at a more rapid 
rate than do other sections. This is 
due to the fact that the greatest 
volume of sand, which can conduct 
heat away from the casting, is 
around an external corner. An ex- 
ternal 90° corner has three times as 
much sand around it than does an 
internal 90° corner. Greater thick- 
ness of metal at the external corners 


Fig. 20—Casting bled 60 sec. after pou 


of the bled castings of Figs. 16 ¢ 
is apparent. 
Since external corners cool 


rapidly, they also begin to contract 
earlier than the rest of the cast 
In the fitting, the external con 


around the casting made by the outer 


flange face and the bore « 
earlier than the rest of the castu 
and, in contracting, pinches dow: 


ntract 


on the core as shown in B of Fig. ? 
Further, Briggs and Gezelius® h 
determined that, if pouring tempera- 
tures and molding materials are 
stant, the amount of metal solidifi 
on a mold surface at a given ti 
after pouring is always th 
irrespective of the size of the casti1 
While this theory may not be cor 
rect for all cases, it holds for 
section sizes and time intervals 
solidification with which this dis- 
cussion is concerned. In other words 
at some time after pouring, a one-il 
cube should have the same ski 
thickness as would be found on 
3-in. cube. A pressure fitting con- 


sists of a barrel which is relativel) 


thin and a flange which is approx 
mately three times as thick as 
barrel. 


In accordance with the theory o! 
skin formation set forth by Briggs 
and Gezelius, the skin thickness 
along the bore of the test fitting 
should always be the same under the 
barrel as it is under the flange until 
the barrel is completel) olidified 
The heat extracted by the core dur 
ing solidification of the barrel 5 
largely heat of fusion. 

Since the skin thick: of the 
casting is uniform, no hot zone 5 
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racks begins. C 


facting onto the core at — 














Diagrammatic representation of bore crack formation. A 
Vetal skin around casting shortly after pouring. External corners made 
inction of flange face and bore of casting pinching on core at “B.” 
No hot zone present. B—Metal skin around casting at the time barrel 
j ust completed solidification. No hot zone present, but as solidifica- 
progresses from this point the formation of hot zones and bore 
Flanges have just completed solidification and bore 
racks are formed. During this time the barrel has been cooling and 
area at “A” has been dissipating heat 
fusion from the flanges with no appreciable temperature drop and 
this area becomes the hot zone. Linear contraction has been restrained 
ut “B” and “C” causing bore cracks to form at “A.” D—Casting cooled 
ym temperature. Flanges in cooling have also shrunk onto core. 








present in the wall of the bore or 
nywhere else in the casting. How- 
ver, after the barrel of the casting 
solidified, further extraction of 
heat from the barrel by the core 
serves entirely to cool the barrel. At 
the same time, the heat extracted 
from the flange by the core is still 
argely heat of fusion lost in further 
solidification of the flanges. 

Since heat of fusion is lost with- 
ut a lowering of temperature, the 
flange does not cool as rapidly as 
the barrel and a hot zone develops. 
When the barrel of the fitting begins 
to cool at a more rapid rate than 
the flange it also contracts circum- 
lerentially at a faster rate and, in so 
loing, clamps onto the core with a 
greater force than does the flange. 
hese contraction forces are illus- 


trated in exaggerated form in Fig. 


1 
| 


( 


Bore cracking then would not be 
expected to occur until the barrel 
is Ce pletely solidified because, al- 
though the corners made by the bore 
and the flange face do pinch on the 
core, no hot zone is present, and be- 
ore conditions are favorable for 


tearing a hot zone must exist on the 
surface of the casting. 

That the bore crack does not 
occur until the barrel of the casting 
has solidified has been proved by 
the bleeding experiments discussed 
earlier. After the barrel has solidi- 
fied, longitudinal contraction is re- 
strained by the pinching action of 
the barrel and by the external corner 
of the flange at points B and C in 
Fig. 21, and tearing occurs. 

The casting shown in Fig. 18, bled 
after 35 sec., has a small bore crack. 
In this casting the hot zone under 
the flange is coming into existence. 
The barrel at this point is cooling 
more rapidly than the flange and is 
pinching on the core. Also, at this 
time, longitudinal contraction - is 
exerting its forces along the barrel 
of the casting. The barrel of the 
casting and the corner at the flange 
face are clamping onto the core and 
resisting this contraction, and the 


casting begins to tear. 

Both the longitudinal contraction 
forces and the circumferential con- 
traction forces build up as the cast- 
ing cools and, after 45 sec., as shown 
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in Fig. 19, the bore crack becomes 
more severe. The crack continues to 
open up as the casting completes its 
solidification. 

rhe circumferential contraction of 
the flange corner and the barrel is 
slight, and the force with which it 
binds on the bore is minute, but 
when it is remembered that at the 
high temperature at which tearing 
occurs the tensile properties of steel 
are extremely low, it is reasonable 
to believe that these stresses are 
sufficient to cause tearing. 

In valves and fittings, each flange 
and a short part of the barrel ad- 
joining it is a single entity as re- 
gards bore cracking, and it does not 
matter whether the barrel attached 
to the flange is 10 ft. long or 6 in 
long. A mold of a test fitting was 
made and one flange was blocked 
off with sand so that the casting con- 
sisted of a barrel with a flange on 
one end. Severe bore cracks were 
found under this flange. 


Varied Length Barrels 


A series of castings was also made, 
each casting consisting of a flange 
with a barrel extending from each 
side. The barrels on these castings 
varied in length from 8 in. to only 
one in., and in every case bore cracks 
were found under the flange. Fig- 
ures 22 and 23 are photographs of 
the casting with the 6-in. barrel, 
with the magnetic powder indicat- 
ing the crack in the bore. 

Figure 24 shows the casting with 
the one in. long barrel as sectioned 
and tested with magnetic powder. 
This photograph, which shows the 
entire casting with only the gate and 
riser removed, illustrates the suscep- 
tibility of a flange design to bore 
cracking. 

Figure 25 shows a casting which 
had a flange equal in thickness to 
the barrel, had only a minor bore 
crack because the flange and the 
barrel completed solidification at 
the same time and the only hot zone 
which existed was a small one made 
by the junction of the two sections. 
The pinching action discussed oc- 
curs at the extremities of any casting 
in which a core is surrounded by 
metal because, with rare exceptions, 
the casting must end with an exter- 
nal corner, 

The one condition which must 
exist in such a casting before tearing 
can occur is a hot area around the 
core. A long cast cylinder is not 






































680 


susceptible to circumferential tears 
because no hot area is present. 

A cylinder with a boss on it, al- 
though the boss does form a hot spot, 
may not tear because the remainder 
of the cylinder in the same plane as 
the boss is strong enough to resist 
the If the boss, o1 
it may be a flange or other pro- 
tuberance, extends all or a majority 
of the way around the casting, the 
favorable for 


tearing stresses. 


conditions become 
tearing. 

If the of 
which pinches on the core could be 
partially eliminated, the severity of 
the bore crack should be correspond- 
ingly reduced, since then the casting 
would be free to contract toward its 
center. A casting, designed so that 
the bore flared out at the flanges, 
was made to test this theory. The 
flanges of one of these castings is 


external corner metal 


shown in Fig. 26 and, as can be seen 
from the magnetic powder indica- 
tions, the tears are not as severe as 
those found in straight bores. 

By flaring the bore, as was done 
in this case, instead of a 90° corner 
in the casting with a 270° corner of 
sand to conduct heat away from it, 
the metal corner of about 120° has 
240 
move heat. 

Several castings of only the cope 
half of the test fitting were made, 
and not the slightest indication of 
a bore crack In 
this case, although early contraction 
occurred at the external corners and 
the the casting could de- 


only a corner of sand to re- 


could be found. 


barrel, 





Fig. 22 (above ) 
from mold. Fig. 23 (right) 





Single flange casting as removed 
Flange of casting in Fig. 
22 as sectioned and tested with magnetic powder. 






a 
Fig. 24 


form slightly in the manner of a 


“C-spring” so that no actual pinch- 


ing occurred. 


A test fitting was made in which 
one flange had a '¥-in. slot cored 
in it from the bore to the outer cir- 
cumference of the flange to make 
The 


the flange discontinuous. sur- 





Bore CRACKS IN S 


faces marked A in Fig 


cast surfaces of the slot. This fla 


found to be free fr 
the 


had bore cracks: 


was 


whereas other 


The explanation for this 


when contraction of | the 


corner of the slotted flang: 


Single flange casting with one inch long barrel on each end 


graph shows entire casting as sectioned, magnetic powder indicat 


unslotted 
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of a fitting de- 
flanges of 
Magnetic powder 


; 


section al 
left. 


was able to spring apart 


it the slot and creep around 


whereas the opposite flange, 


mtinuous, could shrink only 


core, 


theory 


of 


stresses explains 


H 


the and 


cracking 


why severity lrequency 


bore increase directly as 
functions of the bore diameter of the 


As the 


increases 


circumference of the 
the 


contraction 


casting 


bore amount of clir- 


cumferential also in- 
creases and, because of the increased 
the 


flanges and barrels must pinch deep- 


circumferential contraction, 


er and more firmly into the core 


Chills 
cause they tend to eliminate the hot. 


prevent bore cracking be- 


Another 
solution to this problem, which is 


weak area under the flange 
apparent if stresses are accepted as 
the the 
use of highly collapsible cores 
Hollow Cores. Many 
core binders and many compositions 
the 


the cause of bore crack, is 


proprietary 


were used in making cores for 


of fitting designed 
lo re duce 


Fig. 26—Sections 
vith a flaring bore 


on the 


stresses 


core 
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Fig. 27—Sections of a fitting made with one flange Fig. 28 
discontinuous to reduce stress (top flange in photo- one end hollow 


graph). Surfaces marked “A” 


test fitting in an endeavor to find 
a mixture that could be used in 
producing castings free from bore 
cracks. Green sand cores and cores 
with low hot strength did not pro- 
duce the desired results. It became 
apparent that to obtain the desired 
results, the core must be made of 
such materials or designed in such 
a manner that it collapses readily, 
and that space must be provided in 
which the core can collapse. 

In other words, a solid core occu- 
pies a certain volume and, even 
though it becomes weak, it will still 
occupy the same space and resist 
any tendency to compress it. The 
binders in the core will eventually 
burn out to reduce the volume need- 
ed for the core, but this does not 
take place early enough after pour- 
ing to prevent bore cracking. 

Lucite, which depolymerizes above 
400° F. (200° C.) and burns very 
rapidly, was tried as a core binder, 
but the core decomposed as soon 
as the hot metal touched it. To cir- 
cumvent this difficulty, a_ special 
core was made into which a cylin- 
drical shell of lucite of %-in. thick- 
ness was rammed so that its outer 
surface was approximately 4-in. be- 
neath the external surface of the 
sand. 

When this core was used a casting 
free of bore cracks was obtained. 
The lucite burns out by the time 
cracking begins and leaves a void 
into which the outer sand layer can 
collapse. These considerations led 

‘to the use of hollow cores. When 
the pressure of the contracting cast- 


are 


cast surfaces. 


ing is exerted on a hollow core, the 
core yields inwardly toward its cen- 
ter and relieves the stresses imposed 
upon it, 

Several of the small test fittings 
were made with hollow cores of dif- 
ferent wall thicknesses. The cores 
were made of the mixture contain- 
ing 0.5 per cent cereal binders, 0.5 
per cent kerosene, 1.5 per cent core 
oil, and 5 per cent water, and the 
wall thicknesses of the cores varied 
from % to | in. It was found that 
when the wall thickness of the core 
was between 4 and 34-in., the cast- 
ings, which were poured at about 





flange containing 
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Flanges of a casting made usin 


and the other end solid. Ti 
bore crack u as around ti} 


2950° F. (1620° C 
bore cracks. 

When the wall _ thic! 
greater than 3@-in., bor 
A core of this 


present. 


with a %4-in. wall or a wall o! 


er thickness does not bri 
soon enough to relieve th 
which produce bore cracks 
However, when. the 

] 


casting with the 5 in. diameter 


was made, a core with a 


collapsed rapidly enough to pre 


the formation of bore cracks 


with a 34-in. wall in the lars 


} 
] 


ing collapsed too rapidly, and 


Fig. 29—-Hollow cores used in making test fittings (Fi 











ke through the wall and 

' e core, 
4 ct wall thickness of the 
be established for each 
re position. For example, 
e of the composition de- 


siities d with a 4-in. wall thick- 


nted bore crac k ing in the 
i and still were strong 


withstand the metal pres- 
reas a core made with 1.0 


% ( ereal binder, 1.0 per cent 
wre nd 4.0 per cent water, with 

hickness of 3@-in. did not 
‘thstand the metal pressure and 


k With a “%-in. wall, this core 
tion worked satisfactorily. 
P; lure for using hollow cores 
vorked out in each foundry. 
position, pouring tempera- 
d the size of the casting will 
ne the correct wall thickness 
re. In a commercial found- 
ouring temperature will be 
nstant, and a few tests can 
on the core sand being 
determine the necessary wall 
kl for each size casting. 
Cores can be rammed to size with 
suitable pattern, or they can be 
de hollow with a sweep. Both 
hods have been found satisfac- 
lhe cores need only be hollow 
the parts located under the 
but for economy a com- 
tely hollow core is recommended. 
ure 29 shows some hollow cores 
fore they were pasted together. 
Figure 28 clearly illustrates the 
lvantage gained by the use of hol- 
cores. This casting was made 


vith half of the core hollow and the 








ther half solid and gated into each 


nge. The flange around the hol- 


Flanges of a fitting made with a core having Fig. 31 


n bedded 4-in. below its surface on one end skin thickness on both ends of the casting is the same. 
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low end was free from tears. while 
the opposite flange had a bore crack 
which extended almost completely 
around the casting 

To make possible the observation 
of the inside of a hollow core dur- 
ing the casting and solidification of 
a test fitting, the core print of the 
pattern was ex tended to the side 
of the molding flask, and a hole was 
cut into the flask at this point equal 
in diameter to the core. In _ those 
experiments the fitting with the 
> 5/16 in. diameter bore was used 

Several molds were poured with 
this arrangement. In each case the 
core burned violently soon after 
pouring and, about 30 sec. after 
pouring was completed, metal could 
be seen bleeding slowly through the 
core walls into the hollow cente1 
of the core. This failure of the core 
always occurs at the lowest part of 
the mold where the greatest metal 
pressure exists. 


Preventing Core Burning 


Since, under the conditions for 
observation described, the core in- 
terior is open to the atmosphere, the 
core burns and breaks down much 
faster than it normally would when 
it is enclosed in a mold. In subse- 
quent tests, a glass window was 
placed between the end of the core 
print and the molding flask in order 
to prevent oxygen from entering the 
core and yet permit observation of 
the core interior. The cores then 
satisfactorily resisted the pressure of 
the metal. 

With the window in the mold, no 
burning occurred in the core al- 
though smoke was given off and the 


other end was hollow. The sound flange was 


around the hollow end. 
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core soon became red hot. No actual 
cracking or deformation of the core 
could be detected by the eve during 
solidification of the casting, the de- 
formation being too small to be 
observed. A few minutes after pour- 
ing was completed the core had 
completely decomposed, and jarring 
of the mold caused the core to flow 
like a dry, unbonded sand 

lo prove that the beneficial effects 
of the hollow core were ascribabk 
to its ability to deform rather than 
to an insulation effect, a core for 
the test fitting was made, one end 
of which was hollow with 3¢-in. wall 
thickness, while the other end had 
a tin can molded into it, The can 
was Y-in. smaller in diameter than 
the core itself so that 4%-in. of sand 
was between the can and the casting 

It was assumed that the can 
would resist the contraction of the 
casting, but because of its thin walls 
would not appreciably alter the 
thermal conditions which exist in 
the hollow core, so that if the bore 
crack was prevented by an insula 
tion effect, none should occur in the 
end of the fitting containing the 
can. 

This casting was gated into the 
center of the barrel to make the 
metal conditions in each flange 
equal. The flange under which the 
can was located had a bore crack, 
as shown at the top of Fig. 50, 
while the other end was sound. 

It appears that if any insulating 
effect due to the hollow core i 
present, it does not exist during the 
early stages of solidification when 
the bore crack begins to form. Fig- 


ure 31 is a photograph of a casting 





Bled casting containing a half hollow core. The 
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bled 33 sec. after pouring. This 
casting contained a core, one end of 
which was hollow and the other end 
of which was solid. The casting was 
gated into the center of the barrel. 

The top flange (Fig. 31) was 
around the solid portion of the core, 
and the bottom flange was around 
the hollow end. Both flanges have 
the same wall thickness at the 
barrel, which would not be the case 
if there had been any difference in 
the heat conductivity of the two 
ends of the core. 

Shrinkage as a Factor in Bore 
Cracking. In making test fittings in 
the course of these experiments, it 
has been frequently noted that the 
surfaces in the bores of the castings 
beneath the flanges have a pitted 
and somewhat spongy appearance. 
Because surfaces such as these in 
some non-ferrous alloys are associ- 
ated with shrinkage, it was believed 
that this condition might be a form 
of shrinkage and be contributory to 
bore cracking. 

Fittings used throughout these 
tests were gated at the parting line 
and fed by risers on top of the 
flanges. Although they were risered 
sufficiently to yield commercially 
sound castings, they were not per- 
fectly fed. Accordingly, several cast- 
ings were made with large risers in 
order to approach the ultimate in 
feeding. This risering method con- 


sisted of placing two heavy risers on 

each flange, as shown in Fig. 32. 
Metal was gated directly into all 

four risers to insure proper tempera- 





Fig. 32 (above )—Casting gated and 
risered to obtain complete soundness. 


Fig. 33 (right)—Flange sections 
from casting of Fig. 32 after testing 
with magnetic powder. 
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Fig. 34—Fitting made without risers and using a hollow 


ture gradients. These castings, one 
of which is shown in Fig. 33, had 
small cracks in the cope which were 
barely detectable, and the surface 
condition was improved. However, 
all of the improvement in these cast- 
ings in regard to the bore crack 
should not be attributed to the fact 
that they were more heavily risered. 

Risers were placed on the casting 
in such a manner that the external 
corner, made by the bore and the 
fact of the flange, was eliminated at 
the points of contact. With two 


risers on each flange the riser 
tacts cover about one-third of 


flange and, by thus partially eli: a 
nating the corners, cause a propor- oni 
tional decrease in the contractio Not 


upon the core. i 
As previously described, hollow 
cores do prevent bore cracks, but 


when the fitting is made without 
risers, although a hollow core is 








used, tears are present. Figure 34 
shows the flanges of a test fitting 
made with a hollow core but with- 
out risers. This photograph indi 
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pressure. 
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rhe phere 


incomplete feeding 1s a 

iusing or at least agegra- 

cracks. 

een noted that if the rise 
inction properly, dishing 
ir in the bore beneath the 
nd if a shrinkage cavity is 
the crack 
Figure 35 


vithin the flange, 
will lead to it. 
exceptionally pronounced 
ffect in an improperly fed 


ntal effects of inadequate 
ng can be blamed upon at- 


heric pressure. If the riser 
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freezes before feedin ‘ ete 
a shrinkage cavity which is a vac- 
uum begins to form Atmospheri 
pressure, acting on the external sur- 


faces of the casting with a fore: 


of 14.7 psi., tries to relieve thi 
vacuum within the 
The wall of the 


flange, 


casting 
casting under the 
hottest and 


forced inward 


since it is. the 
weakest area, will be 


in much the same manner as the 


walls of a tin can collapse when it 
is evacuated he stresses induced 


in the wall of the casting by this 
localized distortion could conceivably 
cause the wall to rupture and permit 
access of air to the shrinkage cavity 

If a bore crack has already start- 
ed when the shrinkage cavity begins 
to form, the force of atmospheri 
pressure, in trying to break through 
to the shrinkage void, will extend 
the crack to the 


and also enlarge it. 


shrinkage cavity 
Figure 36 is a 
photomicrograph of a bore crack 
The metal adjacent to the tear is 
decarburized indicating that oxygen 
from the atmosphere has been pres- 
ent in the crack. 

In a further investigation of th 
effect of atmospheric pressure on 
mold of the test 
fitting was made with the gate at- 


bore cracking, a 


of cracks in the cor 


ched at the midlength of the 


HDarre to equalize tre temperature 

the metal in the flanges This 
casting was made without risers 
However in one flange. cracker 


cores, similar to those used in blind 


risers to permit access of the at 
ospner to the riser, were inserted 
into the flange at the fillet 
The sectioned casting is shown in 
Fig 37, and the void left by one 
of the cores can be seen extending 


to the shrinkage cavity. The flange 


containing the cores was not torn 
as severely as was the opposite 
flange, since the cores afforded easy 
passage of air to equalize the pres- 


sure between the inside and outside 


of the casting 


Veins and Their Relation to Bore 
Cracking. Veins are ragged encrusta- 
tions occurring in irregular lines on 
the surfaces of castings. Their origin 
usually is ascribed to the occurrence 
or sand of the 
mold which subsequently are filled 
with molten metal to form the veins. 
been noted 


Veins frequently have 


in the bores of valves and fittings 


under the flanges and, invariably, 


fk }6—Photomicro raph of a bore 


crack. 5O00X 
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when the vein is ground away and 
the area subjected to a magneti 
powder test, a bore crack is found. 

38 shows a section of a fit- 


Figure 


Figure 
ting with a vein in the bore. 
{9 shows the same section after the 
vein has been ground away and the 
part subjec ted to magnet powder 
ins] ection. Since the bore crack fol- 
the vein so ac- 
curately, it that they 
are related. Singer and Benek'’ have 
supplied the answer to the relation- 
ship between hot tearing and vein- 


lows the contour of 
certainty 


is a 


ing. 

They their work 
that when the skin of the 
casting tears, the mold wall adjacent 
to and adhering to this metal skin 
Molten metal from the 
interior of the casting flows through 
the crack in the metal skin and into 
the crack in the mold, thus forming 


concluded from 


frozen 


is also torn 


a vein. They found, by metallo- 
graphic examination of metal sec- 
tions cut through a vein, that the 


metal leading to it was richer in 
carbon than the adjoining metal. 
Sulphur prints indicated that the 
original crack could be traced by the 
phosphorous and sulphur-rich metal 
which had filled it. Since the last 
metal to solidify in a casting is rich- 
phosphorous, and 


est in carbon, 


sulphur, the metal in the crack un- 


questionably came from the casting 


Fig. 37 


Fitting made 


without risers. 



















interior. Singer and Benek’s work 
is supported by that of the authors. 

Figure 40 shows an_ unetched 
photomicrograph of a section 
through a vein, and stringer inclu- 
sions can be seen leading from the 
casting interior to the vein. Figure 
+1 shows the same section after etch- 
ing, and the path now is indicated 
by the difference in metal structure. 
These samples were taken from a 
shank and, al- 


was completely 


small anchor 
though the crack 
filled at the point where the sample 
was taken, a hot visible 
a short distance further along the 


cast 


tear was 
same vein. 

Veins under the flanges of valves 
and fittings occur after tearing and 






























The flange on the left had cores in- 
serted in it to permit entry of atmosphere to the shrinkage void. 
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Vein in the bore of a fitting. Fig. 39 (right 
the same casting after removal of vein 






as a result of the tear. The fact + 


the bore cracks are not com 
sealed may be attributed to th 
that bore crack formation 
tinuous process. 

The crack when it first for 
be completely filled but, as the 
traction stresses 
the metal 
refill the 
becomes cooled 


reope n 
becomes too 
the metal 


sufficiently to 


crack or 


the molten metal before it can 


the crack. 
In one of the casting 


the cra 


sluggish 


cr 


ret 


made wit! 


‘ 


a hollow core, the core cracked whil 


it was being placed in the mold 
mold was poured and the cra 
the core was filled with metal. 
filled crack in the core 
pearance of a vein on the cas 
but had no bore crack beneath 

This accidental test tends t 


fute a belief that the 


mold favorable for a hot t 


occur beneath it. 


Effect of Pouring Temperatur 


Bore Cracking. A series of tes 


tings was poured at temperatures 
ranging from 2850° F. (1565° ¢ 
to 3500° F. (1925° C.) to deten 


{} t 


pouring temperature eflect or 
cracking. The most 
were found in the castings p 
between 2900° F. (1595° C 
3050° F. (1675° C. 

On either side of this rang 


severe 


core Cr 


Th 
k j 
The 


had the ap- 


ting 


» Te. 


first to permit a vein to form, and 










spot, then makes conditions in ¢! 
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extent of the tear decreased. Itt 


be that with lower pouring te! 
tures a rapid develo) t of 
strength takes place duc to th 
freezing of the cold n and t 
this metal skin is m apabl 
resisting the tearing st . 


With the higher po tempera- 


tures the metal does 
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n, and 
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Fig. 40--Photomicrograph of section 
through vein, unetched. 100X. 


idify immediately after pouring 
ause the superheat must first be 
xtracted by the core, and when so- 
idification does begin, it proceeds 
owly. During this time the binders 
the core may have time to burn 
iway permitting the core to partial- 
' collapse by the time bore crack- 


ng begins. 


Another possible explanation is 
fat the higher pouring tempera- 
tures cause rough surfaces on the 
asting, and it has been observed 

nes that the bore crack is 


ess severe on a rough surface. It 
‘ppears that all of the irregularities 
on a igh surface grip onto the 


ore | thereby cause distribution 
the linear contraction. 


m, H. F. BisHop anp W. H. JoHNnson 





Theoretically, the linear contrac- 
tion is broken down into small in- 
crements, each increment being the 
span between two adjacent projec- 
tions of the rough surface. However, 
with smooth surfaces the clamping 
on the core by the casting is local- 
ized at the external flange face at 
one end and the barrel at the other 
end, and the area between these 
points contracts as a unit, with the 
result that the total contraction be- 
comes localized and causes a tear. 


Effect of Metal Composition. The 
Boston Navy Yard has found that 
when the carbon content of a cast 
steel is lowered below 0.10 per cent 
and the manganese raised above 1.25 
per cent the frequency and severity 
of the bore cracks in valves and fit- 
tings are reduced. 


A number of alloys, including the 


> 


"4: 
ye 


¥% 


= 


Fig. 41—Photomicrograph of same 
section (Fig. 40) through vein, nital 
etch. 1O00X. 


high-manganese alloys, were cast into 
test fittings. The alloying clement 
and the severity of the bore crack 
found in some of the castings are 
listed in Table 2. The base com- 
position of these steels unless noted 
otherwise is 0.25 per cent carbon, 
0.40 per cent silicon, and 0.60 per 
cent manganese. 

Beneficial effects of the high man- 
ganese content in these steels appar- 
ently depend upon a proper balance 
between the carbon and manganese. 
Low-carbon steels containing no 
manganese are susceptible to the for- 
mation of bore cracks. A casting 
made with electrolytic iron and de- 
oxidized only with aluminum had 
severe cracks. As the carbon is in 
































688 


the 
pro- 


0.10 


must be 


creased above per cent, 


increased 
the 


manganese 


portionally to eliminate bore 
cracks. 

Chrome-manganese steels are less 
cracking than are 


steels; chromium has an 


prone to bore 
“Class B” 
effect similar to that of manganese 
in preventing the defect. When chro- 
the steel, the 
amount of manganese can be re- 
duced. The other common alloying 
elements in the used in 
these tests had no effect on the bore 


mium is present in 


amounts 


crack. 

Degree of deoxidation of the steel 
apparently is not a critical factor in 
bore crack formation. The addition 
of large amounts of titanium to the 
steel appeared to reduce the severity 
of the crack occasionally, but the re- 
sults were inconsistent. 

Effect of Gas Atmosphere on Bore 
Cracks. The possibility that bore 
crack formation might be influenced 
by the atmosphere of the mold was 
considered. It is conceivable that 
oxygen would, by a mild bessemer- 
izing action, enlarge and extend an 
incipient crack. Conversely, a reduc- 
ing gas would decrease this tendency. 
Three molds containing hollow cores 
were made and gas was introduced 
into the core. 

The wall thickness of the cores 
was -in., which is too great to pre- 
vent the formation of hot tears. The 
gases, which were oxygen, nitrogen, 
and city gas, were introduced in the 
mold for 15 min. prior to pouring, 
thus allowing adequate time for the 
gas to permeate the mold. These 
gases had no influence on the bore 
crack. All three castings tore in the 
same manner with the same severity. 


Summary and Conclusions 

Bore cracks are caused by stresses. 
These stresses are ascribable to core 
resistance which hinders contraction 
of the casting. 

Bore cracking occurs at the hot 
zone in the bore under the heavy 
flange. If valves and fittings are de- 
signed so that the flange thickness 
is equal to or less than the barrel 
thickness of the casting, the fre- 
quency and severity of the bore crack 
is lessened. Bore cracks do not begin 
to form until the barrel of the cast- 
ing has solidified as has been shown 
by bleeding tests. 

Bore cracks occur in castings con- 
taining only one flange, and occur in 
single flanges even though the at- 
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Alloying 


Element 


Table 2 


ErFectT oF ALLOYS ON Bore Crack Format! 


Electrolytic Iron 


Chromium 


Columbium 


Molybdenum 


Tungsten 
Vanadium 
Nickel 
Copper 
Boron 

Tin 
Silicon 
Cobalt 


Titanium 


Phosphorus 
Sulphur 


Carbon 


Carbon 
Manganese 


Carbon 
Manganese 
Carbon 
Manganese 
Carbon 
Manganese 


Carbon 
Manganese 


Carbon 
Manganese 


Carbon 
Manganese 
Carbon 


Manganese 


Carbon 


Manganese 


Carbon (ave 
Chromium 


Manganese 
Chromium 
Manganese 
Chromium 
Manganese 
Chromium 


Manganese 


Chromium 
Manganese 


*Base composition (percentage) unless otherwise noted—C, 0.25; Si, 0.40; Mn 


, < 0.03. 
**Degrees 


avg. 


(°) 


Gated End— 
Per Cent Degrees 


100 


1.03 
0.10 


0.47 


1.47 
0.24 
4.68 
2.50 
0.01 
0.06 
2.10 
0.88 


0.44 


0.10 
0.10 


{0.084 
10.82 ) 


0.11 | 
0.07 | 


0.07 | 
1,28 | 


46 | 
1.80) 
2.55 | 


Circumferential extent of crack. 


+Two to four parallel rows. 
tTwo to three parallel rows. 
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rel extends only one in. 
side of the flange. The 
n which bore cracks re- 
ts only of the flange and a 
h of the barrel attached to 


of the bore crack can be 


ses 
edu y gating into the barrel of 
va fitting rather than the 


ves. However, this is not desir- 
suse the principles of con- 
irectional solidification can- 
not be applied. 

Chills suitably placed in the core 
ie flange strengthen the met- 


naer 
| skin, tend to eliminate the hot 
wot, and thereby prevent bore 


ts ks. Steel bar chills, with tapered 
nds extending a short distance 
inder the barrel and with the other 
nds extending into the core print, 
have been satisfactory. 

Thin, flat chills in the core under 
the flange will also eliminate bore 
racks, but such chills tend to fuse 
to the casting. Graphite chills in the 
form of collars or sticks can also be 
used but must be carefully washed 

prevent carbon pickup in the 
metal. 

Hollow cores used in molds for 
valves and fittings also will yield a 
asting free from bore cracks. Hol- 
low cores can deform inwardly to 
relieve any stresses which may form. 

The wall of the core must be suf- 
ficiently thin to decompose and 
weaken by the time the barrel has 
olidified and bore cracking begins, 
ind the walls must also be of suffi- 
ient thickness or strength to with- 
stand the metal pressure upon the 
core. The correct wall thickness of 
the hellow core depends on the 
core composition, pouring tempera- 
ture, and the diameter of the bore 
f the casting. 

Liquid shrinkage is a minor factor 
n causing bore cracks. When shrink- 
age is formed within the flange a 
vacuum exists in the shrinkage cav- 
ity, and atmospheric pressure, in at- 
tempting to relieve this vacuum, may 
enlarge an incipient crack. 

Pouring temperature has a minor 
elect on bore cracking. Castings 
poured at extremely low or high 
temperatures are less prone to tear 
than those poured at intermediate 
temperatures, 

Veins and bore cracks are closely 
allied A vein in the bore of the 
Castine invariably indicates a bore 
crack beneath it. 


cor. H. F. Brisuor AND W. H. Jounson 
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DISCUSSION 


Chairman: H. H. Biosjo, Minneapo- 
lis Electric Steel Castings Co., Minne- 
apolis. 

Co-Chairman: CuHarvtes Locke, West 
Michigan Stee] Foundry Co., Muskegon, 
Mich. 

J. R. GoipsmitrH anp W. L. MEIn- 
HART’ (written discussion): The authors 
are to be congratulated on this thorough 
presentation of the subject of bore cracks 
in steel castings. It represents a large 
amount of research, and is a valuable 
contribution to this perplexing problem. 

The writers would like to supplement 
this paper with some remarks on work 
carried on in their laboratory while in- 
vestigating the same problem. Their 
method of studying the occurrence of 
bore cracks in steel castings is substan- 
tially the same as used at the Naval 
Research Laboratory. 

Their test casting is the same shape, 
and the size and weight are about half 
way between that of the two test fittings 
mentioned by the authors. The casting 
was molded with a side riser at the face 
of each flange, and a gate running from 
the face to each riser. 

In their study of the effect of man- 
ganese on bore cracks, it was decided to 
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make the steel in three carbon content 
groups 1) low carbon, containing less 
than 0.10 per cent carbon, (2) inter- 
mediate carbon, with approximately 0.15 
per cent carbon, and (3) high carbon, 
with about 0.30 per cent carbon. The 
range of manganese was varied from 
0.50 per cent to 3.0 per cent manganese 
in each series. In all castings in which 

the manganese content was above 1.5 
per cent, regardless of carbon content, 
many veins and bore cracks were present 

The degree of cracking became much 
worse as the manganese content ap- 
proached 3.0 per cent, and only a very 
slight difference in the intensity of the 
bore cracks between low carbon and 
high carbon castings was evident The 
lower carbon and intermediate carbon 
castings were only slightly less affected 

A similar study was made to deter- 
mine the effect of silicon. The exact 
opposite of the manganese series was 
found. The high carbon (0.30 per cent), 
high silicon (2.0 per cent) castings were 
entirely free from cracks and veins, but 
as the silicon was lowered to the usual 
0.5 per cent, the intensity of the bore 
cracks increased. Again, it was the 
silicon rather than the carbon that 
seemed to influence the bore cracks. 

Castings made from 4 to 6 per cent 
chromium steels and 8 to 10 per cent 
chromium steels were very susceptible to 
bore cracks. Upon deep etching, these 
castings showed cracks comparable to 
those in plain carbon steel castings 
Austenitic stainless steel test castings 
were entirely free from bore cracks. This 
gives an indication that transformation 
may have some effect on hot tear forma- 
tion. 

The writers obtained substantially the 
same results that the authors did with 
their hollow cores by using a migrating 
type core binder to produce a shell hard 
enough to withstand the molten metal, 
and nothing but dry sand beneath the 
shell. With practically no hardness in 
the center of the core, it had very good 
collapsibility. The core that gave good 
results, however, had a shell that was 
softer than any core that could be used 
practically in present day production. 

The brief mention about the effect of 
gases by the authors is an approach that 
in these writers’ opinions warrants more 
study. On two different occasions, the 
writers have had periods during which 
no hot tears could be produced in their 
test casting. Each of these periods was 
during two successive summers at which 
time the humidity was extremely high. 

Attempts to duplicate these results by 
artificial means have failed up to this 
point. Previous tests and knowledge of 
behavior of bases in steel indicate that 
they should have a detrimental effect 
on steels and promote bore cracks. In- 
asmuch as the results were encountered 
twice, the writers question whether the 
high humidity may have had some chill- 
ing effect on the mold. 

As some of their cores were stored for 
long intervals before using, perhaps the 
core absorbed enough moisture to have 
a chilling effect. More accurate work 
along this line and also of the effect of 
dissolved gases upon steel would con- 
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tribute to the answer of this problem 

The writers’ metallographic examina- 
tion of bore cracks also tends to confirm 
the authors’ statements that stresses 
caused by restrained contraction of the 
metal contribute to the formation otf 
the defect. Bore cracks are interdendritic 
which suggests that the metal had pulled 
apart just under the freezing point when 
the dendrite filling was mushy or nearly 
so. The edges of the dendrites are not 
as sharp as those usually found in shrink 
holes 

‘Crane Co Chicago, II! 


successful had shells too soft to-be prac- 


mix as possible 


lapsibility by closely controlling the thick- 


ness of the shell 
a fixed amount 


cores can be hollowed to 


molten metal and will not collapss 


Bore CRACKS IN S 


until the barrel is soli 
begin to act. 

There are apparent 
sults on the effect of 
tion as an influence 
We are of the opinio: 
is important insofar 
properties of the steel 
peratures. If the ste 
to resist the contractio; 
tile enough to elong 


stresses, bore cracks wii 








MALLEABLE FOUNDRY 
COREMAKING PRACTICE 


6 Core sand in a mechanized malleable foundry making pipe fit- 
tings and small castings must primarily meet the requirement: 
of the core shop in making cores which, after performing their func 
tions in the molds, become the basis for a satisfactory molding sand 





D. F. Sawtelle 


Metallurgist 


Malleable Iron Fittings Co. 
Branford, Conn. 


Ir IS CUSTOMARY in 
e foundries making castings 
in size from several pieces to 


many 


to several lb. each to use 
three grades of core sands, 
vary in A.F.A. fineness from 
62 

When the author presented a pa- 
n 1942* three such widely vary- 
nds were being used in the 
shop. They were listed in that 

under Table 1 as, Wareham, 
vidence, and Jersey No. 52, with 
FL A 

60, and 23, respectively. 
[hese sands had been used suc- 
for several years prior to 
hanization, and was thought 
continue their use during the 
ew months of mechanized op- 
n. At that time, a little more 
half the cores were being made 
blowing machines and the 

nder by hand. 

Coarse Jersey No. 52 sand was 
lered essential by the core shop, 
ised in several core mixers to 
the cores greater permeability, 

ibility, and help in blowing 
es. It was regarded as detri- 
to the system molding sand 


Grain Fineness Nos. 72, 


paper was presented at a Malle- 

indry Practice Session of the 
h Annual Meeting, American 
rou men’s Association, at Cleveland, 
M 1946. 

*D. F. Sawtelle, “A Sand Control Pro- 
a Mechanized Malleable Found- 
\NSACTIONS, American Foundry- 
\ssociation, vol. 50, pp. 830-844 





and was soon replaced by a sand of 
A.F.A. Grain Fineness No. 35 
Fineness No. 35 sand was not con- 
sidered as detrimental to the mold- 
ing sand and, by slight changes in 
the proportions with which it was 
mixed with the Wareham and Prov- 
idence sands, it gave good results in 
the core shop and in the molds. 
The next change in the core sands 
was the substitution of a so-called 
“Marion” sand of Grain Fineness 
No. 119 for both the Providence and 
Wareham sands. The final change 
was the substitution of a sand of 
Fineness No. 48 for the No. 35 sand. 


Screen Tests 

Table 1 shows the screen tests of 
the three core sands in use when the 
mechanized foundry as started on 
June 23, 1941, and the two sands 
which are being used at the present 
time. 

Use of the Marion sand and the 
Jersey No. 45 sand in the core shop 
has decreased the percentage of 
coarse grains in the system molding 


screens 6-12-20-30 has dropped from 
7.45 to only 2.03 per cent. 

Type of Binders. The malleable 
core shop uses linseed as an oil bind- 
er in combination with a _ cereal 
binder known as dextrine sweepings. 
In past years many types of core 
oils and dry binders have been tried 
with varying degrees of success, but 
under the conditions existing in this 
core shop and foundry, it is believed 
that the best results are obtained 
when using linseed oil and dextrine 
sweepings. 

Other Materials Used. A _ fine 
grade of sawdust is added to some 
core mixtures solely to attain high 
collapsibility. This is necessary only 
in cores for some of the largest fit- 
tings and as most of these are made 
on side floors, the sawdust does not 
enter the system molding sand. 

Kerosene is also used in amounts 
of 0.1 to 0.2 per cent by weight. This 
does not appear in the core mixtures 
which follow. Its purpose is to pre- 
vent the core sand sticking to the 
core boxes, to some extent, and to 
retard the air hardening of a mixed 


Table 1 


ScREEN ANALYsIS OF CorE SANDS 


sand. The total percentage on 
Screen 
No Jersey No.52 Wareham 
6-12-20 8.16 1.02 
30 35.56 0.98 
40 47.24 2.28 
50 6.68 6.72 
70 0.66 21.08 
100 0.46 29.12 
140 0.22 23.84 
200 — 10.04 
270 - 2.88 
Pan _- 2.00 
A.F.A. Grain 
Fineness No. 23 72 


Remaining on Screen, per cent 


Jersey No. 45 


Providence Marion 
- 0.09 0.20 
0.04 0.34 2.00 
0.07 0.93 12.10 
0.38 2.85 31.50 
2.30 12.60 36.80 
12.09 24.72 15.20 
24.80 30.16 1.90 
25.05 16.44 0.30 
13.21 5.28 - 
22.06 6.59 —_— 
162 119 48 






































Two halves of a core 


Fig. 1 (left 


transferred for baking. Fig. 2 (right) 


dryer (left) constitutes one-half of 


core box and “mother” (right) the 


box and a dryer into which core 1s 
Multiple system in which the core It is felt that a ere 


success in blowing cores is dy 


other half. these mixtures, which has |} 


Table 2 
MIXTURE FOR SMALL CorEs 
oe 
Hand- 

Material made Blown 
Marion sand, bu. 6 5 
Jersey sand, bu. - | 
Linseed oil, qt. ...... 2" 4 
Dextrine, qt. 2 7 
Water (approx.), 4-5 2 

per cent .............. (by wt.) (by wt.) 


batch of core sand before being used. 
Kerosene also assists if the mois- 
ture in the mixed sands is on the 
high side. Sometimes this is the case, 
for while the Jersey No. 45 sand is 
purchased dry, the Marion sand is 
not. Water content will be discussed 
in more detail under core mixes. 
Core Mixtures and Consumption 
of Materials. Six different mixtures 
in daily use are listed in Tables 2, 
3. and 4. Several trends in these 
core mixtures are worthy of close at- 
tention. The sand mixtures for 
blown cores have less water, more 


achieved only after n 
oil, and much more dextrine than and experiments. The per 
the corresponding mixtures for 
handmade cores. They also contain 
the coarse Jersey sand which is not 
used in handmade cores except as in 


cores made by this method has 
creased from 50 per cent in 194 
80 per cent at the present time 
The foregoing core mixes ar 
ulated just as they are used, wit} 
attempt to convert them to per 


Table 8 age by weight. The amount 
MIxtTuRE FoR Mepium Size Cores 
Cores — Table 4 
Hand- 
Material made Blown MIxTuRE FOR LARGE COoLLapsi 
Marion sand, bu. . 6 5 Cores 
Jersey sand, bu. — 1 — 
Linseed oil, qt. ...... 1% 3 Hand- 
Dextrine, at. 2 7 Material made Bl 
Water (approx. ), 5-6 3 Marion sand, bu.. 31, 4 
per cent .............. (by wt.) (by wt.) Jersey sand, bu. 1% 
Sawdust, bu. ...... l 
Table 4, for large collapsible cores. Linseed oil, qt. ...... ; 
oe a > ‘ Dextrine, qt. .. | 
The addition of the coarser-grain . 
; : 7 Water (approx.), 6-8 4 
sand is an important factor in the per cent (by wt by wt 


Fig. 3 (left)—Blowing cores directly into dryers (multiple system). D 

are placed on rack for transfer to baking ovens. Fig. 4 (right)—Ge 

view of core shop. Belt elevator (left) for sand hoppers supplying tu 
ing machines. Operator is making cores by unit system 





successful blowing of these cores 
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shown in Table 5. 


Cores stacked on racks being 
6 (right) 


of cores suspended from overhead conveyor 
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transferred to stationary, 
-Outlet end of core oven 
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ance to wear than soft 
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these figures, it is seen that 
f cores is needed for every 

metal poured; that the 
weight of binders to 
ne to 45; 


core 
that the linseed 


ints to 48 per cent, and the 


sweepings to 52 per cent of 


rs used. 
Methods. 


VU aking It is not 


ose of this paper, nor within 
pa} 


of the writer to attempt to 


ietail the many methods and 


irge! 


V¢ 


f 


making 
Intricate cores, many 


used 


the 


und 


trade 
and those which 
but 
required, usually are hand- 


cores, 


blown only a small 


he core shop foreman se- 
least expensive method 
standard fitting cores are 
th by hand and by blowing 
with costs running equal, 
instances Where 


are rare. 


ber required is in the thou- 


of handn 


er run, and sometimes a 
r more per year, blowing is 
1 the cost is only half that 
ade cores. 

wing cores, No. 2 machines 
). air pressure are used. It 


tant to have full air pressure. 
re two methods 


systems 


ing cores, different equip- 


ng required for each. 


ethod is known as the unit 





Boxes of loaded 
delivery to molding bench. 


cores on 


gray irons. The box is finished to 
dimensions in the pattern shop and 
, the necessary air vents inserted. The 
system, and the other as multiple. In : : 
; , ; ' correct size and placing of the 
the unit system a split core box is ; 
vents, learned only by experience 


used, both halves of which are actu- 


ally machined to the dimensions of 
the cores to be made and equipped 
with the necessary air vents, air and 
rhe 


the box and then either transferred 
dryer in which it is baked, 


sand inlets. sand is blown into 


to a core 


or, in some instances, dried on a 


tray. 

In all cases the cores must be re- 
moved from both halves of the core 
box, which is then ready for re-use. 
Figure 1 shows the two halves of a 
core box and a dryer into which the 


core is transferred for baking 


The core box is cast of low-carbon 
























Core dryers are cast of aluminum, 


or gray iron, 


times perforated, 
A complete set of equipment 


cast 


Table 5 


CONSUMPTION 


little 
and 


OF 


oversize, 


are used as 


CoREMAKING 


MATERIALS 


Period Covering Pouring of 


14,000 
Material 
Sand 
Linseed oil 
Dextrine 
Kerosene 
Sawdust 


Tons of Metal 


Tons 
1,600 
17 
18.5 
0.5 









some- 
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consists of a carefully machined and 




















vented split core box, and several 
hundred core dryers. This method 
and equipment is used when blowing 
fitting cores of over 2-in. diameter. 

In the multiple system, the core 
dryers constitute one-half of the core 
box and are all accurately machined 
and pinned to fit the other half, 
which is known as the “mother.” A 
set of equipment consists of one 
“mother” and several hundred dry- 
ers. As the sand is blown into the 
“mother” and one dryer, it is neces- 
sary only to remove the “mother,” 
the core remaining in the dryer. 

This system is much faster as the 
ore does not have to be carefully 
ransferred from the core box to the 
dryer. The cores are more accurate 
in dimensions. The necessary ma- 
chining of the dryers, however, 
makes the original cost of the equip- 
ment much higher. Figure 2 shows 
the “mother” on the right and the 
dryer on the left. 

Figure 3 shows the actual opera- 
tion. To the right of the operator is 
a core blowing machine and to his 
left a rack on which the blown cores 
are transferred to the oven for bak- 
ing. The operator shown is using the 
multiple system, blowing the cores 
directly into the dryers. 


Core Shop 


Figure 4 shows a more general 
view of the core shop. To the left is 
the belt elevator for filling the over- 
head sand hoppers of two blowing 
machines. In the center is an oper- 
ator making cores by the unit system. 
However, the core has not been 
transferred from the core box to a 
dryer but is standing on a plate for 
drying. 

Core Baking. The cores, stacked 
on racks as shown in Figure 3, are 
then transferred by a_hand-jack 
truck to stationary, batch type, oil- 
fired core ovens, as shown in Fig. 5. 
These ovens are heated by oil burn- 
ers located on the floor below, the 
heat entering from flues in the center 
of the oven floor and between the 
two racks of cores. The exhaust 
gas flues are located on the inside 
walls of the ovens about 14% ft. 
above the floor level. 

All cores over l-in. thick are 
baked in these ovens. The time cycle 
varies from 2 hrs. at 450 to 475° F. 
for a batch of the smaller cores to 
as long as 12 hrs. or overnight for 
the heavier cores. The temperature 







on the overnight bake is reduced to 


325 to 350° F. 

The core shop foreman for several 
reasons prefers the long bake at a 
low temperature to a quick bake at 
temperatures of 475 to 500° F., even 
though linseed oil is capable of pro- 
ducing a good core under a wider 
variation of temperatures than many 
of the compounded core oils. 

Baking Cores 

By weight, the stationary ovens 
bake a little over half of the cores 
that are made. All of the smaller 
cores are baked in a continuous type, 
oil-fired oven, designed and installed 
in the author’s plant over 30 years 
ago. It has been in almost continu- 
ous operation since that time, the 
only major change being the instal- 
lation of oil burners to replace the 
original coke fires. 

Figure 6 shows the outlet end of 
this oven. A rack of cores suspended 
from an overhead monorail conveyor 
can be seen. To the extreme left is 
a rack from which the baked cores 
have been removed. They have been 
placed on the single conveyor located 
at the extreme right side of the pic- 
ture, where they proceed to the in- 
spection, counting, and packing in 
boxes for transferal to the molders’ 
work bench. 

Between the empty and full trays 
can be seen the shaft with a sprocket 
wheel on the top, which carries the 
drive chain — moving the trays 
through the oven and back to the 
starting point in a continuous loop. 
The electric motor driving mechan- 
ism is on the opposite end. 

The trays proceed through the 
oven at the rate of 1 ft. per min. 

The baking portion of the oven, 
through which they travel, is 45 ft. 
long; therefore they are in the bak- 
ing zone at 450 to 475°F. for 45 
min. In the next 15 ft. most of the 
smoke and gases are exhausted. In 
the last 25 ft., the cores are cooled 
to handling temperature by air 
drawn from outside the building and 
blown across the slowly moving trays 
of cores. 

Core Transportation. The present 
core shop building was centrally lo- 
cated between two foundry buildings 
which at one time contained a total 
of four batch type air furnaces and 
two cupolas. The present mechan- 
ized foundry was built in the farther 
end of the more modern of these 
two buildings. This necessitates the 


MALLEABLE FouNpRyY Core Ma 


transportation of the 
core shop to the mold 

the foundry, a dista 
hundred feet. 

Figure 7 shows ¢ 
rubber-tired, spring-s 
of truck, delivering 
to the molders’ bench Th, 
ends on each box, in y 
are packed, prevent crushiy 
molders’ station has room for fy 
six boxes of cores. Delivery of 
to the molders and the return of , 
empty boxes continues during 
entire working day. 

Since the mechanized foy 
occupies only a little over half 
the building, plans are being 
sidered for the constructi 
core shop in the foundry. Thy 
shop, with the many improve; 


which are planned, may well be 4 


subject of another paper on 
shop practice. 


DISCUSSION 


Chairman: R. J. ANDERSON, Belle Cj: 


Malleable Iron Co., Racine, Wis 
Co-Chairman: D. I. Dosson, G 
Malleable Corp., Waukesha, Wis 
MeEmBER: How do you mix the 
dust with the core sand? Is the 
dry sand core? 


Mr. SAWTELLE: We mix the sawdust 


right with the sand. These cores 
baked cores. The first operation ir 


ing a batch is to mix 5 bu. of sand wit 


1 bu. of sawdust. Then add the oil 
the dextrine to that mixture 

MemBER: Did you say it was 
sand core? 

Mr. SAwTELLeE: It is a baked 
not a green sand core. These are | 
core mixes. 

MEMBER: Does the sawdust 
core burn out while baking the cor 

Mr. SAWTELLE: No, not at the 
ing temperatures we are using 
425° F.). 

Davip Tamor': Why do you 


dust? Why do you not use wood flour 


a 


Mr. SAWTELLE: We have a wood! 
which is frequently used. However, 
can buy the sawdust cheaper thar 
wood flour, and it seems to do th 

Mr. Tamor: In regard to the 
cores, some were supported in driers 
some were standing up. Why is that 

Mr. SAWTELLE: The small cores 


stand without sagging. However, ! 


larger cores must be wired to preven! 
sagging when the core is stand! 
Therefore the cores are supported 


driers. 


O. J. Myers’: I am int ested in your 


, Pt hat 
core room foreman’s suggestion tM 


would prefer to bake cores for a lo 
time at lower temperatur« 
a high temperature for 
~ 1American Chain & Cable Co.. York, Pa 
2Werner G. Smith Co., Min: rlis 


nger 


ther than at 
short ta 
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Mr 


ELLI 


.eory to support that prac- 


eLLE: He may be thinking 

differentials in the oven 
ited at 475° F., unless it is 
type of oven, there will be 
ere the temperature may 
525° F. That is too high. 
batch-type oven has a wide 


emperatures, and while you 


baking at 475° F. and are 
temperature in some loca- 
oven by a thermo-couple, 
be locations that are much 
the lower temperature, in an 
type where the temperature 
great, you will not burn 


rs: Did you obtain higher 
eths in the cores from that 


TELLE: No. 


Do vou make cores larger 


reLLE: No. That is the larg- 
make 
McCartney’: Are the core driers 


of aluminum? 


eable Iron Co., East Moline, Ill 


Mr. SAwTELLE: We have both alumi- 
num and gray iron driers Those in the 
unit system are ol aluminum, and those 
in the multiple system are of gray iron 

MEMBER: What would be the grain 
size difference in sand used for small 
ceres (about '% in and larger cores 
about 4 in 

Mr. SAWTELLE On the 
cores we are using all Marion sand, with 
an A.F.A. grain size of 119 


small cores by the blowing machines, we 


handmade 
In making 


use five parts of Marion sand to one part 
of the 45 A.F.A. grain size Jersey sand 
The A.F.A. grain size of that mixture of 
sand would be approximately 90 

MemsBer: What bond strengths would 
be used for those cores? 

Mr. SAwTELLE: We have not made 
laboratory tests on the green strength of 
our core mixes The Marion sand has 
0.3 or 0.4 per cent clay-like material 
which will wash out on an A.F.A. test 
for clay. That percentage of clay im- 
parts some green strength to the hand- 
made core mix, and in the blown cores 
the larger amount of dextrine (7 qt. in 
6 bu. of sand) gives a fair amount of 


green streneth along with the small 


amount in the Marion sand itself 

MemsBer: Was the sawdust used for 
venting the core? 

Mr. SAwTELLe: No, it imparts collap- 
sibility to the core 

Memser: Do you control the particle 
size of the sawdust? 

Mr. SaAwTeLie: We have been getting 
the sawdust over a period of years from 
one source They know that we want 
the finest they can supply I have never 
made a grain size determination of the 
sawdust, but it is quite fine It is not 
to be 
flour 

CHAIRMAN ANDERSON Do you en 


compared, however, with wood 


counter much cutting of your core boxes 
by using 120 lb. pressure for blowing? 
Mr. SawTELie: I have no compari- 
son because we have always used 120 Ib 
blowing pressure However, there would 
be less cutting action from a lower air 
pre ssure The speed at whit h we can 
blow a core, using that pressure, and the 
uniformity and the wide variation of sizes 
and shapes that we can blow at 120 Ib 
pressure, would probably overbalance the 
benefits of lower air pressure resulting in 


less core box wear 























SEALING BRONZE PRESSURE CASTINGS 
THROUGH HEAT TREATMENT 


By Lt. (j.g.) Fred L. Riddell, U.S.N.R., 


Formerly Division of Physical Metallurgy, Naval Research Laboratory, 


Washington, D. C. 





ECENTLY, the repairing of 
leaky castings by heat treat- 
ment has aroused consider- 

able interest because it is considered 
by some foundrymen to be clean, 
rapid and fairly effective. The 
effects of such variables as proper 
temperature, time of treatment, de- 
gree of sealing and effect on me- 
chanical properties have not been 
extensively reported. 

The aim of the present investiga- 
tion was to answer these questions 
for gun metal, valve bronze and 
hydraulic bronze by making porous 
castings and attempting to seal them 
by controlled heat treatment. 

The mechanism of solidification 
of tin-bronze castings has been re- 
ported !.? as one of the principal 
causes for porosity and leakage. In 
freezing, the bronzes with their long 
range of solidification pass through 
a mushy stage in which dendrites 
grow out into the melt and entrap 
pools of molten metal. r 

When this entrapped metal solidi- 
fies, the shrinkage is distributed 
throughout the casting wherever the 
interlocking dendrites prevent ade- 
quate feeding. Several investigators 
have explained the increase in pres- 
sure tightness following heat treat- 
ment as due to the closing of this 
muicroporosity. 

In 1917, Elliott? reported that 
leaky bronze castings of complicated 
design could be made pressure tight 
by annealing for a short time at 


1400° F. Nearly 75 per cent of the 


Presented at a Brass and Bronze Ses- 
sion of the Fiftieth Annual Meeting, 
American Foundrymen’s Association, at 
Cleveland, May 9, 1946. Opinions ex- 
pressed in this paper are those of the 
author and in no way reflect the official 
attitude of the U. S. Navy. 








rejected castings were saved by this 
method, provided that the leakage 
was not too severe. Elliott found 
that the cored structure of the cast- 
ings disappeared and that the 
elongation increased as a result of 
the heat treatment at 1400° F. 

The observations of Elliott were 


Fig. 1 

















in accord with the results of ea; 
investigators who found that tens 
strength and ductility increased 
bronzes held for 30 min. at | 
1470° F.6 


Jenkins,* in the investigation o| 
bronze of nominal composition 8 


per cent copper, 8 per cent tin and 


Experimental bronze castings, bottom gated and cast at tem; 


of 2280° F. 











U 

































OO w 
Tes. 


oo © 


;j~7 oOo 











7S 


| @arher 
T tens 


ased in 


On of a 
tion 88 
tin and 


Z 





DELL 


:t zinc, concluded that an- 
sealin’ in the range 1300 to 1455° 
f. ga\ increased pressure tightness 
with porceptible increase in ductil- 
~y anc a definite increase in all 
mechanical properties. Jenkins pre- 
nnealing at this range of 
emperature to annealing at 1000° 
p. Annealing for one hour per inch 


4+ pe 


ferred 


of thickness at a temperature of 
(400° F. was recommended. 

More recently, Fleck and Bunch ® 
heat treated gun metal castings at 


1000 to 1400°F. to stop leakage. 
The sealing was reported to take 
slace throughout the casting, and 


therefore was not removed in ma- 
chining. The heat treatments were 
viven for 2 hours per inch of thick- 
ness in a laboratory electric furnace. 


Complete absorption of the delta 
onstituent took place with a con- 
sequent decrease in hardness, but 
both the tensile strength and elonga- 
tion increased slightly. A bronze con- 
taining 3.39 per cent of zinc softened 
much less than a bronze containing 
2.39 per cent of zinc. Fleck and 
Bunch ® warned that sealing would 
be successful only with good foun- 
dry practice. 


Microshrinkage in Bronze Castings 

Smith, Wiegand and Bolton ® were 
doubtful about salvaging castings by 
heat treatment. They stated that 
microshrinkage was not removed by 
fusion, but merely blocked by oxide 
scale. The original defect and weak- 
ness were believed to remain. 

It was also stated that valve 
bronze annealed at 1600° F. became 
partially fused and had low mechan- 
ical properties. Quenching from 


1000° F. proved to be harmful to 
the mechanical properties of this 
bronze. Slow furnace cooling from 
the annealing temperature was rec- 
ommended if the mechanical prop- 
erties were to be unimpaired. 
Horner and Mason,’ in a more 
recent publication, reported that 90 
per cent of a group of 150 rejected 
castings was saved by annealing for 
2 hours at 1200°F. The authors 
emphasized that leakage from foun- 
dry defects such as tears, cracks, cold 
shuts and direct inclusions could not 
be remedied. To be benefited by 
heat treatment, the casting must 
not show more than a slight “weep- 
ing” when under pressure. The pro- 
portion of castings salvaged by heat 
treatment depends to a considerable 
extent upon the skill of the foundry- 
man in properly classifying the fail- 
ure before attempting the cure. 
There is little agreement among 
the investigators as to the cause of 
improved pressure tightness of bronze 
pressure castings. Jenkins‘ stated 
that sealing was dependent upon an 
increase in volume of the matrix 
resulting from absorption of the 
dendritic structure. Others have 
claimed that the segregated consti- 
tuents melt and flow into the re- 
gions of the shrinkage, thus blocking 
the interlocking channels of porosity. 
Smith, Weigand and Bolton ® be- 
lieved that the formation of oxides 
of larger specific volume than the 
base metal was responsible for block- 
ing the shrinkage cavities through 
which leakage occurred. Smith, Wei- 
gand and Bolton did not favor heat 
treatment as a means for increasing 
pressure tightness because the orig- 


Table 1 


COMPOSITION OF MELTING CHARGES 


Heat Senn ee 1 eee 
No. Cu Sn Zn* Pb Ni 
Al 87.78 8.95 3.17 0.10 o—_ 
A2 87.98 9.40 2.62 — — 
A3 88.40 9.10 2.36 0.14 _ 
A4 87.49 9.27 3.11 0.13 — 
A5 88.02 8.32 2.85 0.08 0.78 
B 87.36 4.80 2.00 0.95 4.89 
Cl 88.50 5.99 3.82 1.69 on 
C2 88.41 5.28 3.83 2.48 — 
C3 87.15 6.51 4.53 1.81 = 
Di 85.65 5.11 3.76 5.84 -_ 
D2 84.58 4.89 4.91 5.62 dite 
D3 84.76 5.18 4.82 5.24 a 
E 88.05 6.09 2.81 _ 3.05 


“Zine by difference. 








697 


inal weakness of the metal was be- 
lieved to remain although the poros- 
ity might no longer be sufficiently 
open for leakage. 

In the present investigation, 34 
bushings of gun metal, valve bronze 
and hydraulic bronze were cast in 
a manner intended to produce leak- 
age in a hydraulic pressure test. The 
pressure at which the bushings be- 
gan to leak was recorded after vari- 
ous sealing experiments. The changes 
in microstructure and mechanical 
properties resulting from heat treat- 
ment were also investigated. 


Experimental Procedure 

(a) Foundry Procedure. The melt- 
ing charges consisted of either Grade 
A copper, zinc, Straits tin and lead 
of high purity or selected scrap of 
known composition from ‘the foun- 
dry of the Naval Research Labora- 
tory (Table 1). The charges were 
melted in a 210-lb clay-graphite 
crucible in a lift coil induction fur- 
nace. The virgin copper or the 
selected scrap was melted under a 
charcoal cover in order to prevent 
excessive oxidation of the metal. 

When the charge had become 
molten, two ounces of phosphor- 
copper (15 per cent phosphorus) 
per 100 Ib. of metal served for de- 
oxidation before making the addi- 
tions of alloying elements. The tin, 
lead and zinc, with necessary com- 
pensation for melting losses, were 
then added in that order, and the 
addition of two or more ounces of 
phosphor-copper was made before 
casting. The bronze was intention- 
ally cast at a high temperature, close 
to 2280° F., in order to increase the 
likelihood of porosity. 

The molds were made from 
Albany green sand (Grade 00) con- 
taining from 7 to 8 per cent mois- 
ture. The molds were allowed to air 
dry at least 24 hr. before casting. 
The bushings were cast with two in 
each mold and were bottom gated 
(Fig. 1). 

Thirteen gun metal, 14 valve 
bronze and 12 hydraulic bronze 
bushings were poured from the same 
temperature (2280°F.) with the 
same gating and risering practice. 
The standard cast tensile test cou- 
pon (Type 10A of ND Specifica- 
tion 46 M6g) was used for deter- 
mining the mechanical properties of 
the three compositions. 

(b) Machining of Bushings. The 
“skin effect” of each alloy was in- 
































Fig. 2—Castings prepared for determining "skin effect" on pressure tightness, (left) 
inside and outside surfaces machined, (center) inside surface machined, (right) as-cast. 


vestigated by (1) pressure testing 
in the as-cast condition, (2) with 
the inside surface machined, and 
(3) with the outside surface ma- 
chined, approximately 1/16 in. be- 
ing removed in each instance. A rim 
was machined on the ends of the 
bushings in order to fit the hydraulic 
tester. 

The inside and outside diameters 
of the rim correspond to the 
diameters of the finished bushings. 
The inside diameter was 2-7/32 in., 
the outside diameter was 2-9/16 in., 
and the overall length of the bush- 
ings was 4-4 in. (Fig. 2). 

The highest test pressure for the 
bushings was 750 psi. This pressure 
was maintained for 5 min., and if no 
weeping occurred the bushings were 
considered pressure tight. 

(c) Heat Treatment. The heat 
treatments were carried out in air, 
hydrogen, or oxygen-rich air atmos- 
pheres in a muffle furnace. The 
bushings with machined surfaces 
and the test bars with as-cast sur- 
faces were placed in the furnace at 
room temperature, heated to the de- 
sired temperature, held for the de- 
sired length of time and then furnace 
cooled. Measurements of the diam- 
eters of the bushings were made 
following the heat treatments be- 
cause of the possibility of dimen- 
sional changes. 

In, annealing the bushings in the 
hydrogen atmosphere, calcium chlo- 
ride was used to absorb the water 
vapor and copper gauze at 842° F. 
(450° C.) was used to remove the 
oxygen in the hydrogen. In anneal- 
ing the bushings in the oxygen-rich 
air, no attempt was made to remove 
the impurities in the oxygen. 

Two manometers were placed in 
the system, one in the oxygen line, 


and one in the compressed air line 
in order to admit the respective 
gases at equal pressures. This re- 
sulted in a mixture of constant com- 
position entering the box in the fur- 
nace. The gas entering and leaving 
the furnace was analyzed with an 
Orsat apparatus. The gas sample 
taken at the contained 43.6 
per cent oxygen and the sample 
taken at the outlet contained 39.0 


inlet 
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treatment was investi 

ing samples of gun 

bronze and hydraul R 
1350° F. for 15 and | 

at 1400° F. for one ho 

mens were heated wit} 

held at 
cooled, then cut in half 
on the freshly cut 
etched 
droxide and hydrogen 


temperaturt 


were with amr 
lowed by ferric chloride 
The photomicrograph: 
at 75 diameters. 
Bushings failing at 
lb. pressure were broke: 
the place of leakage. Th le su 
faces of the shrinkage cracks we : 
then examined at 75X . 
tion. Cross sections of bus! 
of Group | taken throug! 
gion of failure were projected 
ground glass screen for measurement 
of the widths of the shrinkage 
and observation of th 
oxidation. 
(e) Mechanical Tests. Um 
chined coupons for tensil 
were heat treated at the 





per cent oxygen. The rate of flow as the specimens for micro-examin +f 
was approximately 100 ml. per min. tion and bushings for the sealir ~ 
(d) Micro-examination. The treatment. The tensile bars were : 
change in microstructure with heat standard 0.505 in. diameter 
Table 2 f | 
CHANGES IN MECHANICAL PROPERTIES OF GUN METAL, VALVE BRONZE AN! t 
HypraAvuLic Bronze witH ANNEALING AT 1300 To 1400° F — 
Elongation, Brinell . 
Tensile Heat *T ensile Yield per cent Hardnes ot 
Specimen Treatment Strength, psi. Strength, psi. in 2 in. 500 kg. 30 sec I 
HyDRAULIiC BRONZE 
D1 ] 34,775 15,406 31.5 59 Pr, 
2 29,400 15,100 18.0 bush; 
3 35,600 15,500 35.5 52 anne 
4 34,100 15,300 29.5 50 cae 
5 32,700 15,800 95.5 50 en 
6 34,225 15,425 28.5 51 ng 
VALveE Bronze , " 
C2 I 36,600 18,100 30.55 60 n 
2 35,800 17,800 29.0 56 =" 
3 36,600 18,200 36.5 56 bi 
4 36,750 17,250 38.4 52 ord 
4 35,850 17,000 31.7 1 he 
6 37,400 16,500 39.7 51 the 
GuN METAL diam 
A3 1 44,000 21,250 34.5 bushi 
2 42,850 20,375 28.5 72 of ce 
3 46,650 22,150 46.0 12 veal 
4 46,500 20,400 48.5 69 dene 
5 44,400 19,000 52.5 57 In 
6 43,400 19,000 46.0 59 | she 
*Key to Heat Treatment—1l. As Cast. 2. 1350° F. for 15 min. in air 50° F reat 
for 30 min. in air. 4. 1400° F. for 1 hr. in air. 5. 1400° F. for 3 hu H:. ' to th 
1400° F. for 2 hr. in O, atmosphere. Alth« 
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length. The elongation, 





rth at 0.5 per cent offset, 
neth and Brinell hardness 
in Table 2. 
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indry Practice. To pro- 
ngs with the type of defect 
ich would permit sealing by heat 
the foundry practice was 
h as to give defective bush- 
nes. For the present purposes, per- 

tings as well as those with 











cts were discarded. The 






hich pouring temperature, bottom 
ng and 8 per cent of moisture in 






he molding sand generally gave the 





ired degree of porosity. The rela- 





ve difficulty in making porous cast- 
e three alloys is shown in 
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It is apparent that hydraulic 
has the least tendency to 

ce. Although 31 leaky castings 

ere produced, less than half of 
hese contained the “weeping type” 
leakage suitable for sealing by 
treatment. Three nickel-tin 
bronze cylinders were also included 














n the present investigation in order 





» test the possibility of sealing this 
position of bronze. 

Effects of Heat Treatment on 
Pressure Tightness. The available 
shings were divided into two 
groups for testing. The first group, 
onsisting of gun metal and the 
nickel-tin bronzes, was machined in- 
ide and out before testing. 









The second group, made up of 
metal, valve bronze and hydrau- 
bronze, was tested first as cast in 
order to investigate the influence of 
oxidized skin before machining 
the inside and then the outside 
diameters. The subdivision of the 
bushings of each group on a basis 
of composition was intended to re- 
veal possible differences in the ten- 
dency to seal by heat treatment. 
In Table 4 the bushings of Group 
chow that partial sealing by heat 
Teatment has been confined largely 
‘0 the outside layers of the bushings. 
\Ithoush the average pressure tight- 
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Table 3 
R e PropucTION OF Porous CASTINGS FROM THREE ALLOyYs 
Porous 
Bushings Leakers Castings 
Cast (Machined 1.D. and O.D per cen 
13 12 92.5 
— 14 11 78.5 
1? 8 66.7 


ness has increased more than 100 
per cent by annealing at 1350° F. 
and 1400° F 


a practical point of view because a 


this means little from 


light polishing with emery cloth was 
sufficient to remove the thin layer 
of pressure-resistant oxide. 

The reason for the average pres- 
sure of column 4, (Table 4) being 
below the average pressure of the 
machined bushings of column 1 is 
explained by the tendency of the 
machine tools used in preparing the 
specimens to drag metal into the 
openings of shrinkage cavities 

This mechanical obstruction was 
removed by the oxidation in treat- 
ments 2 and 3. Heat treatment in 
dried H, caused a further drop in 
pressure tightness because oxides 
occurring in shrinkage cavities were 
reduced to pure metals having con- 
siderably less volume than the oxides 

Reheating in an oxygen-enriched 
atmosphere for 3 hr. did not repair 
the damage done by hydrogen treat- 
ment. However, the longer time of 
treatment and higher concentration 
of oxygen in treatment 6 gave 


HOU 





greater penetration, as shown by 
moderate decline in average pressure 
when the oxide scale had been re- 
moved (Table 4 

The bronzes of Table 5, in gen- 
eral, had a dense, pressure-tight skin 
which gave a fair degree of pressure 
tightness in the as-cast condition. 
Che following variations in treat- 
ments gave results somewhat dilfer- 
ent from those in Table 4. Longet 
time at temperature gave higher 
pressure tightness. Annealing for 3 
hr. at 1400° F. appeared to give no 
better results than annealing at 
1300° F. for the same length of time 


Distortion of Thin Sections 

In fact, annealing at the higher 
temperature may have been danger- 
ous because of distortion of thin 
sections. The bushings annealed at 
1400° F. had variations of diameter 
of approximately 0.005 in. The re- 
moval of the oxide scale did not 
result in any appreciable loss in pres- 
sure tightness following the longer 
annealings at 1300° F. 

Che hydrogen treatment also did 
not prove so detrimental. However, 
none of these results can be ac- 
cepted as favorable, because the 
bronze is still mechanically very 
weak. The regions where leakage 
had previously taken place still pos- 
sessed porosity easily visible at 75X 
magnification. The fracture of the 
porous bronze had a reddish dis- 
coloration. 

The hardness remained lower in 
regions of leakage than in surround 


Table 4 


HicHest Pressures FOR No LEAKING oF BRONzE BUSHINGS 
Hetp 5 MIN 


Group | 


PRESSURE 


] 2 } 
Bushine As 1350° F., 1400 
Number Machined 15 min J hr 
Al-1 50 170 100 
Al-2 100 200 300 
Al-3 120 400 200 
Al-4 300 400 600 
Al-5 25 150 300 
BI 300 750 750 
B2 250 400 750 
E-1 50 125 100 
A5-1 100 300 320 
Avee. Pressure 144 322 380 


*Not heat treated further. 


F., 


Pressures, pst 


¢ee 5 6 7** 
1300° F 1200° F.., 
Hydrogen Oxygen 
Oxygen Atmos Atmos Oxygen 
Scale phere phere Scale 
Removed Shy thr Removed 
0 ft) 5 10 
25 5 * 25 
95 10 * 50 
+0 5 100 75 
5 7 100 75 
150 25 400 350 
50 25 200 200 
25 7 
25 10 25 25 
42 12 138 10) 


**Oxide scale removed by polishing with emery paper 


+Sectioned for photomicrographs 
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ing regions of the surface which 
were pressure tight. At many places 
the difference in hardness was 
twenty to thirty Brinell (converted 
from Rockwell E), and with Brinell 
hardness of 60-70 numbers this 
means that a major percentage of 
hardness has been lost through the 
defectiveness of the material. Low 
hardness of bronze is an indication 
of unsoundness. 

As further indication that sealing 
is a process of oxidation, two bush- 
ings, as-cast, were annealed in 
hydrogen without previous heat 
treatment in an air or oxygen-rich 
atmosphere. The pressure tightness 
was found to be the same or less 
when retested after this treatment. 


Changes in Microstructure 

(c) Microstructure. The disap- 
pearance of the cored structure and 
the delta constituent on annealing 
for various periods of time are the 
most significant changes in the 
microstructure. The grain size was 
unchanged by the heat treatments. 
In general, the delta constituent dis- 
appeared after one-quarter hour and 
the dendrites after one hour at tem- 
perature (plus slow heating and 
cooling), as shown in Fig. 3. 

There was little difference in the 
appearance of the structure of gun 
metal, valve bronze, and hydraulic 
bronze after one hour of annealing. 
The dendrites and the delta phase 
had been, dissolved in the matrix of 
alpha solid solution. The black areas 
in the gun metal are porosity and 
in the hydraulic bronze both poros- 
ity and lead particles. 

The microstructure of a bronze 
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Fig. 3—Change of microstructure of composition "G" with heat treatment. (1) As-cast 


(2) Heat treatment at 1350° F. for 15 min. 


(3) Heat treatment at 1350° F. for 30 min 


(4) Heat treatment at 1400° F. for one hr. Magnification, 75X. Etchant, NH,OH-H,O 
and alcoholic solution of FeCl. Specimens heated slowly to temperature and cooled 
slowly in furnace. 


which leaks under pressure is the 
same as that of any other bronze 
except for the presence of porosity. 
A photomicrograph of specimen E-1 
of Group 1 (Table 4) which leaked 
at a pressure of 25 lb. showed that 
the microshrinkage cracks are from 
0.01 to 0.05 in. wide (Fig. 4). 





Table 5 


Hichest Pressure ror No Leakinc or GuN METAL, VALVE BRONZE AND 
Hyprau.ic Bronze BusHincs (Pressure Hetp 5 Min.) 




































Group 2. 
Pressures, psi. 
1 2 3 + 6 7 8 
Ma- a- 1200° F., 

chined, chined, 1200° 1300° 1400° Oxygen Hydrogen 
Bushing As Inside Outside F., F., F., Scale Atmos- 
Number Cast Diam. Diam. 3 hr. 3 hr. 3hr. Removed phere 
A2-1 50 50 300 620 700 700 700 = 
A2-2 75 75 75 180 240 300 100 75 
A2-3 125 750 300 700 700 750 750 450 
Cl-1 700 75C 25 50 200 100 250 100 
C1-2 750 150 25 50 200 200 220 120 
C1-4 750 750 25 100 200 200 190 — 
Di-1 750 750 100 750 750 750 750 300 
D1-6 750 750 100 750 750 750 750 100 
Average 
Pressure 494 503 144 400 468 469 464 277 





Since the sample was not etched, 
it is possible to identify the fringe 
along the edges of the cracks as an 
oxide layer. In this bushing the 
cracks were too wide for the oxide 
to fill the gap, and sealing by heat 
treatment was not effective. 

(d) Mechanical Properties. The 
mechanical properties of sound ten- 
sile bars were little changed by the 
heat treatment, with the exception 
of the decrease in hardness which 
coincides with the disappearance of 
the delta phase after about 15 min. 
of annealing at 1350 to 1400°F. 
The hardness of gun metal, valve 
bronze and hydraulic bronze spect 
mens generally decreased by 10 
15 points Brinell (500-kg. load). 

Gun metal specimens increased in 
tensile strength from 44,000 to 46, 


500 psi., and in elongation from 34. 
to 46.0 per cent after being annealed 
in air for one hour at 1400° F. Addi- 
tional annealing of _ metal = 
mens produced slight decreases 
tensile yrreer and yield strength. 
Annealing sound tensile | rs of the 
ind oxy- 


three bronzes in hydroge 
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ven produced little effect on the 
mechanical properties (Table 2). 
Valve bronze and hydraulic bronze 
specimens were much less affected 
y the annealing treatment than was 
he sun metal. 


Conclusions 


[he pressure tightness of leaky 
shings of gun metal, valve bronze 
nd hydraulic bronze was improved 
when they were annealed for 3 hr. 

1200 to 1300° F. in an air or 
xygen-rich air atmosphere. No seal- 
ing whatever took place in a hydro- 

atmosphere. 

When bushings previously im- 
roved in pressure tightness by an- 
ealing in the oxygen-rich air were 
re-annealed in hydrogen, the pres- 
we tightness decreased by 25 to 50 
er cent. Removing the outer layer 

oxide scale after sealing in air 
did not cause appreciable loss in 
pressure tightness provided that the 
bushings were annealed for 3 hr. at 
the necessary temperature (Group 
¢, Table 5). 


| . . . 
(he bronze specimens used in this 


nvestigation were sealed by the 
tion of oxides of larger specific 

than the base metal. The 
oxide layer on the inside of fine 
ge cracks tended to close the 
ype s provided that the cracks 
— sufficient fineness. The ten- 
dency ‘or leakage of unsound bronze 
may Secome serious after several 
years of service, and the wear re- 


Fig. 4—Photomicrographs of bronze casting (Specimen E-!, Group |, Table 4) showing 
microshrinkage. Heat treatment—! hr. in air at 1400° F. Cross-sectioned and polished. 
Unetched. 75X. (From two different locations of same specimen.) 


sistance of moving parts is certainly 
lower with unsound metal. 

The short-time pressure test at 
room temperature is not equivalent 
to conditions of service, which in- 
clude the factors of corrosion, abra- 
sion, application of stress, wear and 
changes in temperature. It is be- 
lieved that the annealing of leaky 
bronze castings to improve pressure 
tightness should be exercised with 
care until such time as information 
may be obtained over a period of 
years on the performance of sealed 
castings in various services. 
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DISCUSSION 


Chairman: G. K. Drener, Rogers Pat- 
tern & Foundry Co., Los Angeles 

CHAIRMAN Drener: Do you know the 
ratio of depth of penetration of that 
oxide with time? Can you measure the 
depth of penetration? Can you increase 
it by extending the annealing treatment? 

Mr. Rippe.t: We tried taking photo- 
micrographs. We did not go from the 
surface in. The photomicrographs were 
mostly in regard to porosity fissures. I 
could not say what the depth of penetra- 
tion is and if it could be increased by 
extending the annealing treatment 

CHAIRMAN Drener: Are you reason- 
ably certain that was the effect? 

Mr. Rippett: Yes. We polished a 
bushing in an area that we knew leaked 
under a pressure of about 25 psi. Appear- 
ance in the etched and unetched condi- 
tions indicated, in my opinion, presence 
of oxides. Dr. Loring alsé looked at them 
and thought they were oxides 

CuamrRMAN Drener: It seems like a 
rather strange procedure in a way. 

J. A. Duma’: I might mention an in- 
teresting example of a practical applica- 
tion of sealing bronze pressure castings 
through heat treatment in our foundry. 
It is our practice to radiograph all large 
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castings 
examination of the 


pressure bronze completely. 
When X-ray films 
indicates presence of microshrinkage the 
casting is seal-heat treated prior to any 
machining. 

Castings containing no visible micro- 
shrinkage are not given this heat treat- 
ment. Nor do castings containing pro- 
nounced shrinkage micro- 
shrinkage receive the treatment. Repair 
by welding followed by seal heat treating 
or scrapping of the casting are the only 
alternatives resorted to in the latter in- 


areas, i.¢., 


stance. 

CHAIRMAN DreHer: Should we draw 
the conclusion from your statement that 
the procedure can be applied to what is 
known as microshrinkage areas? 

Mr. Duma: That is right. 

S. W. Brinson’*: We have to make the 
infamous silicon bronze. I know we had 
nothing but trouble with it. We are mak- 
ing Navy bells out of it now and we have 


to turn the pattern upside down and 


pour from many positions. In a silicon 


elbow we had 14 leaks right 
through a constant section. We _ heat 
treated it and got it down to two leaks. 
We did cure some of it by heat treating. 

T. C. Buncnu’®: We did some work on 
this same subject about eight or nine 
years ago. The work was forced on us 
because we were having considerable 
trouble with leakage. Difficulties were en- 
countered principally with high pressure 
castings manufactured from Navy Com- 
We found that by anneal- 
an oxidizing at- 


bronze 


position “G.” 
ing or heat treating in 
mosphere an increase in physical proper- 
ties was obtained, with the exception that 
hardness was reduced, and leakage due 
to microscopic shrinkage was sealed. Ap- 
an important 


parently oxidation played 


part in the sealing process since it was 
noted that in certain instances subsequent 
machine operations on the castings caused 
leakage to re-develop. 

CHAIRMAN Dreunuer: This treatment 
should apply very close to the finished 
stages, then? 

Mr. Buncu: If microshrinkage is ex- 
tensive, heat treatment should be accom- 
plished close to the finishing stages. Pre- 
liminary x-raying of rejected castings 
should indicate in most cases if heat treat- 
ment would be effective. We believe that 
proper melting practice, minimum ma- 
chine finish allowances, judicious use of 
chills and engineered gating and risering 
will eliminate to a great extent the neces- 
sity of using heat treating salvage meth- 
ods. We did not have to resort to heat 
treating during the past four years. 

CHAIRMAN Dreuer: Another conclu- 
sion has come out of this discussion that 
reinforces our previous opinions about the 
presence of hydrogen and the desirability 
of oxygen in the melting and handling 
of bronze. Has anybody carried on work 
with annealing in hydrogen? You have 
definitely reversed the procedure by using 
hydrogen instead of oxygen. 

Mr. Rippe.ti: We heat treated in pure 
hydrogen and in every case the pressure 
tightness of the bushings decreased. 

E. D. Boyie*: There is possibly a re- 
lated phenomenon in powdered metals. 

MemeBer: In testing cylinder castings 
and valve castings, I believe the correct 
method would be to bring the pressure 
up until the elastic limit of the material 
is exceeded. In other words, when the 
casting is not pulled out of shape, release 
the pressure. That is the test, not merely 
an application of 200 Ib. or 500 Ib. pres- 


sure. 
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Lt. Compr. B. O. Bro 
Department does not ad 
treatment of bronze cast 
they show a slight am: 
shrinkage. During the 
building program, it was ; 
a certain amount of G and 
ings out and get them 
they resorted to heat treat 
1350° F. and 1400° F. f 
hr. and I believe the fig 
they salvaged, without { 
and sending back to the { 
46 per cent of their defect 
this heat treatment met! 
through the Portsmouth 
Yard’s experience that t! 
search Laboratory 
and we went ahead and 
We thought we could de, 
whereby it would even 
method they used at th: 
Navy Yard. However, aft: 
out that there were 
formations we believe 
scund practice. We 
just adding something into the met 
oxide inclusions. But I do mentior 
it was used in practice and as a met} 
of salvage. To date we have not had 
direct complaints and direct servi 
jecis from this type of casting, althoug! 
I could say the Navy Department does 
not advocate heat treatment and will 
advocate compound impregnatio: 

CHAIRMAN DREHER: It is_ wort! 
while to have that comment about tt 
service life of those castings that w 
treated by this procedure. 

‘Norfolk Navy Yard, Portsmouth, Va 

*Norfolk Navy Yard, Portsmouth, Va 

‘UU. S. Navy Yard, Pearl Harbor, Hawai 


‘Puget Sound Navy Yard, Bremerton, Was! 
‘Bureau of Ships, Washington, D. (¢ 


conduct 


oxid 
today it 


believe that 











RECOMMENDED PRACTICES 


FOR ALUMINUM AND MAGNESIUM 


co PERMANENT MOLD CASTINGS 


A.F.A. COMMITTEE REPORT 





A.F.A. 

Aluminum and Magnesium 
Division 
Committee on 
Permanent Mold Casting 


Every METHOD of metal forming 
thoug s its own peculiar and character- 
. om sic set of design principles that 
; uld be followed for best results. 

Design engineers must therefore con- 
th der the process by which parts are 
W to be made to obtain maximum 

perties for the completed assem- 

\ frank and open discussion of 

irts design by the design engineer 

nd the permanent mold foundry 
gineer can substantially benefit 
th parties. Sometimes minor 

hanges are enough to produce in- 
ses in production, manufacturing 

nomics and/or improvements in 


hysical properties. 


Withdrawal of Cores 


Provisions must be made in the 
sting design for the withdrawal of 
res and for the removal of the 
ng from the mold. Where the 
ign cannot be changed to permit 
the use of a solid core, split cores 
tiple pieces of sand cores must 
ed. A minimum number of 
res cuts down mold. operating time 
hus expedites production. Long 
res should be avoided to keep 
nance costs at a minimum. 
Che exact jigging points should be 
rked on the blue print to aid the 
designer in placing parting 


Presented at an Aluminum and Mag- 
Round Table Luncheon at the 
Annual Convention of the Amer- 
indrymen’s Association in Cleve- 
fay §, 1946, by A. Sugar, Amer- 
tal Co., Ltd., New York. 





lines, gating and vents. It is the 
practice to part the mold at the 
point that will permit easy removal 
of the casting. At the same time the 
parting lines formed by different 
parts of the mold are in mutual re- 
lationship as not to interfere with 
machine tool locating points. These 
are of real aid to both buyer and 
supplier in checking the accuracy of 
the casting from the same spots. One 
should also keep in mind the appear- 
ance of the joint marks on the fin- 
ished part. 


Metal Inserts 

It is sometimes found desirable to 
cast inserts of other metals in light 
metal permanent mold castings. 
Since the light metal alloys have dif 
ferent coefficients of expansion from 
other metals, a definite foundry tech- 
nique is required for the economical 
and proper use of inserts. 

Wherever practicable, uniform sec- 
tions should be maintained through- 
out a permanent mold casting. Sec- 
tion uniformity helps not only to sim- 
plify the problem of gating and feed- 
ing, but also to equalize the rate of 
solidification, a very important factor 
in controlling the quality of perma- 
nent mold castings. With any kind 
of cast products, when sections vary 
in thickness, there is a tendency to 
set up internal strains in the casting 
and cause non-uniform solidification, 
which may lead to shrinkage and 
cracking. 


Gradual Section Increase 
Therefore, in a design where light 
and heavy sections join, a gradual 
increase in thickness of the thinner 
section toward the point of junction 
will help considerably. In service, 


this blending assists in distributing 
loads over a larger area of the cast- 
ing and thereby frequently elim- 
inates undesirable stress concentra 
tions. 

The minimum section thickness 
possible in light metal permanent 
mold castings depends very mater- 
ially on the size, pressure require- 
ments and intricacy of the casting 
In general, the minimum section 
thickness which can be cast in pel 
manent molds is about 1/8 in. When 
extremely thin sections are required, 
however, it may be necessary to make 
an engineering compromise, since it 
is necessary to sacrifice smoothness 
of surface to attain the desired thin- 
ness. 

The designer should provide gen- 
erous fillets at all wall intersections 
in a permanent mold casting to help 
prevent shrinkage and cracking at 
these points. Sharp internal corners 
constitute a source of weakness in 
castings and should be avoided. 


Multiple-Piece Cores 

The use of multiple piece and dry 
sand cores broadens the scope of the 
permanent mold process and makes 
possible the production of some cast- 
ings that could not otherwise be 
made by this method. If the “under- 
cut” which necessitates multiple 
piece cores can be eliminated a sav- 
ings in cost will result. 

It is possible to hold dimensions 
on permanent mold castings within 
close limits. Very close tolerances 
may be reflected in increased prod- 
uct costs and in lower production 
rates. From the standpoint of econ- 
omy, the designer should not specify 
tolerances closer than are absolutely 
necessary. 
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Mold Design. The production of 
sound castings by any method de- 
pends on the control of soliditication. 
In permanent mold castings of reg- 
ular section, it is not very difficult 
to attain progressive solidification. 
Castings for engineering use, how- 
ever, are usually more intricate in 
shape and, therefore, solidification 
is not so readily controlled. 

The general design of the mold, 
its wall thickness, the location of 
cores, of light and heavy sections in 
relation to mold partings, the posi- 
tion and size of vents and chills, con- 
sideration of gate and riser size and 
of gating and feeding position should 
all be approached with the object in 
mind of securing progressive solidifi- 
cation in the casting. 

Types of Molds. The simplest 
type of permanent mold is a cavity 
in one piece of metal into which 
molten metal is pourec and allowed 
to solidify. The cavity should have 
sufficient taper to permit the re- 
moval of the solidified casting. Un- 
cored casting of simple shape may 
be made in two-piece molds, each 
mold half providing part of the mold 
cavity. A gate may be cut in each 
mold half and a riser may also be 
provided. Other simple uncored 
castings may require a_ three-piece 
mold consisting of two mold halves 
and a base. The more complicated 
the casting the more complex is the 


mold. 
Permanent Mold Types 


Some of the more common types 
of permanent molds may be roughly 
and briefly discussed. A type of 
hinged mold for making simple cast- 
ings has one mold, half of which is 
stationary and mounted vertically on 
a base or some other means of sup- 
port. The moving mold half is 
hinged to the stationary section by 
means of a pin. Cores and core pins 
may be pinched out by hand-oper- 
ated pinch bar, pulled with hand- 
operated toggle, rack and pinion or 
an air cylinder, depending on the 
size, 

If the core is large, it is often 
made an integral part of the station- 
ary mold half. Often the cavity for 
the casting is all in the stationary 
part and the moving segment acts 
only as a cover. Taper on the fin- 
ished casting is so placed as to make 
it stick to the stationary part of the 
mold. 


If there is a large core, it may be 
made to serve as the means of eject- 
ing the casting, or should this not be 
practical an ejector plate mounted 
on the stationary mold half and con- 
taining several equally spaced ejector 
pins operated simultaneously by the 
plate may be used for removing the 
casting adhering to the stationary 
mold side. Repeated accurate align- 
ment of the sections of the mold cav- 
ity in relation to each other is in- 
sured by doweling the mold sections 
to each other. Tight closure is in- 
sured by the use of hand clamps. 

Molds such as just discussed are 
generally used to make comparative- 
ly shallow castings of small to me- 
dium size. A modification of this 
type of mold used for making a 
rather large box with straight sides 
and many bosses consists of a core 
forming the stationary mold side to 
which an ejector plate is also mount- 
ed; hinged to each side of the sta- 
tionary segment are two equal mold 
sections which make the outside of 
the bok and which swing away from 
the casting after it has been poured. 


Mold Segment Alignment 


When deeper castings than con- 
sidered above are to be made on the 
same type of mold, the movable half 
is supported independently. All of 
the mold segments are mounted on 
a base, with the stationary half 
bolted in position. The movable half 
is located by and moves back and 
forth guided by a keyway which is 
made an integral part of the sup- 
porting base. Again doweling should 
be used to insure the accurate align- 
ment of the various mold segments. 


To operate the movable mold seg- 
ments a hand toggle, ram box, rack 
and pinion, air cylinder or hydraulic 
mechanism may be used. Cores and 
ejectors are again mounted and op- 
erated as previously discussed, gen- 
erally by a rack and pinion. Hand 
clasps should be used when closure 
obtained with mechanical units is 
not positive enough. 

Where core or casting is so mas- 
sive that all mold segments must be 
moved to clear the finished castings, 
the mold assembly is somewhat dif- 
ferent. When there are only two 
small halves, one end of each may 
be pinned to the base. Both mold 
halves swing over to form the mold 
cavity and both are withdrawn from 
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the casting to pern 
from the base. In o 
the shifting of mold 
tion to the core, it 
the mold halves alor 
their closure—dowe! 
proper alignment of th 
in relation to each oth 

Cores extending vert 
mold cavity from abov: y by 
or metal, hung by core 
of the mold halves and d t 
sure correct positioning. Mets 
maybe pinched out wi in 
removed by mechanical means 


Coring of Castings 
When the design of the 
calls for coring from the base ¢ 
of the casting, the core, if sand. p 
be located in the base by means 
print or, if iron, it may be mide a 
integral part of the base and oper. 
ated by a rack and pinion. Such 
core may be used to eject the 
ing, or an independently operated 
ejector plate may be mounted to th 
base. Small cores or pins throug! 


the mold sections are generally ac- 
tuated with hand toggles 

With a great many castings it is 
preferable to slide two or more mold 
segments in different directions t 
clear the casting rather than to swing 
them away by means of a simp 
hinge action. In such cases the var- 
ious segments slide along the bas 
guided and located by keys and Op- 
erated by any convenient mech- 
anism. 

Where castings are large and 
heavy, mold segments may be hinged 
horizontally to the base. The cast- 
ing cavity is partially cut in the bas 
and the mold segments are pulled 
away by hand. Cores when large ar 
mechanically operated and th 
ing freed by means of an claborat 
ejector system. The casting may b 
lifted from the mold by hand or !! 
very heavy by means of special tongs 
and a quick acting hoist 

The type of mold designed wil 


depend on the particular casting an¢ 
q 


the specific practice of the loundr 
concerned. 

Making Molds. Molds should he 
made under close and careful super 
vision. Patterns for castings for the 
various mold segments uld he 
held to a tolerance of 2 - 7 

ould 0 


inch. The casting cavit 
relieved to retain the a @ 
the chilled iron in that t which 


. { 
y 
tage 
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1e mold cavity. The con- 
back of the mold should 
general contour of the 
vity to help unify heat 
rough the body of the 
mold segments—bases 
etc., are generally made 
crade of close grained cast 
n rying percentages of chro- 
un kel and molybdenum may 
to improve the hot proper- 
base material, but any 


u 


ve 


vell n iron casting—easy to ma- 
int ill serve the purpose. Uni- 
-mly good results have been ob- 


ined from special or high strength 


Machining tolerances on the mold 
ity should allow no more devia- 
ion than + .002 of an inch. Di- 
mensional tolerances on permanent 

ld castings are dependent some- 
vhat on size and location in re- 
pect to parting. See Table 1. The 
recommended allowance for shrink- 
ge is .007 of an inch per inch. 

Cores. Permanent mold castings 
ften require many different types 
f cores in the same mold. In some 
ases a major portion of a casting 
‘formed by a body core. Core pins 
may be incorporated into a mold to 
form cored holes or to lighten what 
vould otherwise be a heavy section. 
Sections which form undercuts so 
at the mold cannot otherwise be 
pened away from the casting must 
« cored by means of sliding cores, 
llapsible cores, loose pieces, or 


lay 
sand cores. 


Metal and Sand Cores 
The choice as to whether a metal 
r sand core is used depends upon 
many factors and varies with each 
sting. Metal cores, in general, are 


s 


heaper and more accurate and are 
sed whenever it is possible to do so. 
Sand cores are used when intricate 
nterior construction of a casting 
makes the use of metal cores imprac- 


t ] 
La 


Since molds are generally made of 
a high quality fine grained cast iron, 
the metal cores are usually made of 
the same material. It is a relatively 
heap, readily available, and it 
‘tands up satisfactorily. In some ap- 
plications, as in a long slender core 
pin, for imstance, cold rolled steel 
s preicrable to the cast iron because 
ol its added toughness and ductibil- 
ity. A non-deforming tool steel may 


be used if the service requirements 
warrant it. 

Loose pieces and sliding metal 
cores are used to form undercuts. 
These are usually preferred over 
sand cores for such applications, pro- 
viding they can be readily removed 
from the casting. The number of 
loose pieces in any one mold can be 
limited to the number which can be 
economically handled during the 
casting operations. 

Collapsible sliding cores may be 
used in some applications in place 
of loose pieces. They eliminate the 
necessity for picking the loose piece 
out of the ejected casting, thus elim- 
inating the manpower required for 
this step. The design of the casting, 
however, often requires a mold in 
which it is difficult to install collap- 
sible cores. In these cases loose 
pieces or sand cores must be used. 

Metal cores may be removed by 
means of a pry bar, a rack and pin- 
ion, or by some mechanical means 
such as air or hydraulic cylinder. 
In other instances, especially in the 
case of body cores, the mold may be 
removed first and then the casting 
is removed from the core by means 
of ejector pins. 
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Generally, it is possible to locate 
metal cores in a mold without much 
difficulty. A stationary core is, of 
course, the easiest type to locate. A 
sliding core such as one which is re- 
moved from the casting before open- 
ing the mold requires a sufficiently 
large and accurately machined bear- 
ing surface, so that the core is al- 
ways properly aligned. A loose piece 
must be made to fit tightly enough 
so that no molten metal can flow 
into the crack between the loose 
piece and the mold and thus in- 
crease the difficulties of removing 
both the casting from the mold and 
the loose piece from the casting. 


Locating Prints 

When the design of the casting 
restricts the use of metal cores, the 
points to be decided in using sand 
cores, are locating prints to give suit- 
able support to core, easy escape of 
gases that may be developed from 
core binder, removal of chills and 
wire used to support the core, rapid 
shaking out of the sand after the al- 
loy has solidified. 

Dry sand cores should be made of 
a highly permeable sand and so 
made with a surface that permits for 

















(A ACROSS PARTING LINE: 


to tolerance per inch of length. 


of core x 10. 


(5) Minimum radius of fillet 


G ian, “Parting line 


B) BETWEEN POINTS PRODUCED BY ONE PART OF THE MOLD: 
1/64 for 1 in. or less—above 1 in. add 0.001 to tolerance per inch of length 

(C) BETWEEN POINTS PRODUCED BY THE CORE AND MOLD: * 1/64 
for 1 in. or less—above 1 in. add 0.002 to tolerance per inch of length. 


(D) MAXIMUM LENGTH OF CORE SUPPORTED TO ONE END: Diameter 


(E) OUTSIDE DRAFT: 1° minimum 
(F) DRAFT IN RECESSES: 2°. minmum—5° desirable. 
(G) DRAFT ON CORES: '2° limited 
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-AB 


64 for 1 in. or Jess—above 1 in. add 0.002 


4 


3° desirable. 


2° desirable. 


Note: 

(1) Minimum diameter of cores 1/4 in 

(2) Minimum web thicknesses for distance of 
3 in. or less = 1/8 in 
3 to 6 in. = 5/32 in. 
Over 6 in. = 3/16 in 

(3) Machine tool locating points should be indicated 

(4) Allowance for machining 
Castings up to 10 in. long 1/32 in. minimum, 3/64 in. desirable 
Castings over 10 in. long 3/64 in. minimum, 1/16 in. desirable 
Surfaces formed by sand cores 1/16 in. minimum. 


Radius should equal average thickness of joining walls. 
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tluminun 
C5 Remainder 


Remainder 


Remainder 


( Remainder 
CN-21 Remainder 
CS-4 Remainder 
SC-1 Remainde: 
SC -41 Remainder 
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\Z-63 Remainder 
































A\Z-92 Remainder 










See Note 4 Chromium, | 
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Nore 2--Analysis shall 
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pected, or indicated in 
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Nore 3 The following 


obtained trom anal 


Nore 4 Litanium 


Physical Properties 


hould b 


permissible in all alloy 


2 per cent 
units are shown, these ndicate the maximum amount permitted 
regularly be made only for the elements specifically mentioned in tl table If, howe 
course of routin analy further anal hall be made to determine that the total 
the last column of the table 
ipplies to all specified lim n this table For purposes ¢ eceptance and rejection 
he rounded off to the nearest unit in the last right-hand place ol ure used if 
but the maximum shall not exceed 2 per cer 


Solution 
QOuenched Aged 
CN-2 Aved 
Solution 
Ouenched Aged 
CS-4 Solution Quenched 
Solution 
Quenched Aged 
SC.-1 As Cast 
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Solution 
Quenched Aged 
Sb-1 Solution 
QOuenched Aged 
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I— PROPERTIES AND APPLICATIONS OF PERMANENT 
ALUMINUM-BASE ALLOYS 


M-BAsE ALLuys 


MaGnyesiumM-BAsE ALLoys 


Yield 
Tenstle Streneth Strengtl Elong 
Min Typical Typica Min 
18.000 29 000 13.00 1.0 
OO ON 53 (Mi 12.006 50 
oO” 34.000 14.000 + 
24.000 29 000 14.000 10) 
34.000 40 000 14.000 7 
4.000 1.000 19.000 ; 
20 000 24 000 16.001 l 
34.000 10.000 16.000 6.0 


4.000 40.000 23, OOK 1.0 





l; tnot required 


SUPPLEMENTARY DAava 
ALUMINUM-BASE ALLOY 


Coefficient 


' Solidificatios of Expansion Corrosion 

In Range I 68-212° F 68-595° F Resistance 
1165-975 12.2 13.3 Fair 
1165-1070 12.2 13.3 Excellent 
1165-1070 12.2 13.3 Geod 
1160-1005 12.2 13.0 Fait 
1165-995 12.5 13.6 Good 
1160-980 12.2 13.5 Good 
1140-960 11.9 1? Fair 
1095-1000 10.5 11.6 Good 
1130-1075 11.9 13 Excellent 
1095-1000 105 11 Good 


Pro 


pertte 


Good 


Good 


Crood 


Good 


Fair 


(C;,ood 
Excellent 


Fair 
Excellent 


Fair 


MaGNeEsIuM-BASE ALLOYS 


1100 16.0 Poor 
1135 - Ib Fair 
1110 tp.0 Fair 


s00d 


al 
au 


( 
I 
I 


Respor 


t 


1 


B 
He 


Motp CASTING 


rinell 
ard ne 


4 


65 


ho 


Heat 


reatment 


Yes 


No 


No 
Yes 
Yes 


Yes 
No 


Yes 


ver, the presence 


of these other ele 


in obser 


expressin 


86 O00 


4.000 


4 (4K 


OO) 


,3 000 
16.000 
40.000 


24 000 


uM) (MM) 


Yield 
Strength! 

Compre 
ALLL 


13 
12.000 


19.000 
14.000 
14.000 


19.000 
16.000 


16.000 


23 000 





Machine 
ability 


Excellent 


Fair 
Fair 


Excellent 
Good 


Good 
Good 


Fair 
Good 


Fair 


Excellent 
F.xcellent 
Fxcellent 


ALLOY 

















































































































General i 





heads a) 







tors-vacut 


General w 






rosion re 





General cook 
High hardne | 
Aircraft cyl 
Diesel p 
General, whe 
and ductil 
General 
Automotive | 
General, whe 
and corro | 
required 
Pistons | 





























*Pistons, | 





| 

General 
General 

General, w | 

strength ar | 

ness are re | 
























MITTEE REPORT 
handling. The core bind 
of low gas forming ma- 
f such a nature that it 
vhen the hot alloy comes 
vith cores and will neve! 
that it will cause trou- 
oving the core from the 
r magnesium base—alloys 
ntain sufficient preventive 
eep the alloy from burn- 
ming pitted due to forma- 
de 
ib is often required to ob- 
iccurate location surface 
core in order to correctly 
core in the mold. 
nts, such as a small round 
taining a square pin, are 
t to use on a metal core. 
must be vented through 
of the mold. Porous emery 
sometimes used for vents. 
the disadvantages of this 
are that the pores even 
come plugged with mold 
d the contour of the mold 
seround into the surface of 
ry. Ejector pins located in 
ry cores provide mere vent- 
is ofentimes accredited to 


Unfortunately iron molds 
iave the permeability of sand 
Cherefore, venting is ever a 

with a permanent mold 
Vents are used as a means 
isting air from mold cavities 


n turn tend to sharpen detail 


crs 


Types of Vents 
are two specific types of 
ne made by the parting of 
d and by core parts, which 
tural vents and cause no. ad- 
marks on the castings: and 
nts which are placed on sur- 
mote from parting lines and 
placed that air will escape 
the back of a mold 
too small to allow metal to 
rough but large enough to 
ises to escape, are filed or 
in mold sections where they 
affect the casting contour 
ace. Vent 
an inch deep connect the 
vity to holes which lead into 
Risers are cut oper to fur- 
ts for air in the mold cavity 
as a guide for stopping the 
Molds in operation are tilted 
poured as to provide maxi- 


lines not over 


mum venting. The angle ot tilt will 


provide a natural vent at certain 


points by reducing the distance of 
an overhanging shoulder or boss 
lilting should be tried before cut- 
ting up a mold with vent plugs 

flat 


areas, generally very difficult to pour 


When castings contain larg 


in a permanent mold, extra venting 
must be supplied for such sections 
Phis is done by judiciously placing 
plugs over the area in question and 
filing numerous vent lines on the cir- 
cumference of each plug to permit 
the escape of air from these sections 
Che sizes of vent plugs are deter- 
mined by the area showing mis-runs. 
Remote heavy sec tions are also vent 
plugged or chilled and vent plugged 
to relieve shrinkage and to allow the 
voiding of air which might otherwise 
be trapped and create enough back 
filling of the 


mold cavity. Ejectors and core pins 


pressure to prevent 
are also used to give advantageous 
venting. 

The sand cores of a semi-perma- 
are themselves 


nent mold casting 


elaborately cored and _ criss-crossed 
with vent lines to permit the free 
passage ol air and core gases. No 
permanent or semi-permant nt mold 
can be vented too much. 

Gates, Runners and Risers 

Provisions of runners and gates for 
a casting may be compared to an as- 
sembly system. In the construction 
of a component, the various parts 
are brought together at the right 
time and joined carefully. Passing 
on, stage by stage, for each succes- 
sive addition, until after a series of 
intricate and well planned opera- 
tions, the fully assembled unit is pro- 
duced. Everyone with a background 
of planning is aware that “bottle- 
necks” in an assembly line must be 
avoided. On the same basis, a skilled 
permanent mold designer avoids 
“bottle-necks” in running and gat- 
ing. 

In designing for light metals, he 
recognizes the fact that light metals 
are lazy and have to be helped to 
flow into the mold cavity. Hence 
light metal molding is characterized 
by the provision of numerous wide 
feeders and comparatively heavy 
risers, with a very definite tendency 
to counteract defects produced by 
incorrect feeding and gating with 
heavy risers. 

The permanent 
goal is to make certain that gates 


mold designer’s 
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and feeders are large enough and so 
placed as to avoid cold shuts and 
undue agitation and to supply ample 
flow of metal to fill the mold cavity 
at a satisfactory rate; that no 
one runner or section of a runner 
will be made to serve the purpose of 
two or alternatively will be made to 
contribute less than its share. The 
design, size and position of gates and 
runners must be such as to achieve 
maximum uniformity of heat distri- 
bution so that the solidification in 
the poured casting will be progres- 
sive. 

The mold cavity should be so laid 
out that the heavy sections of the 
casting are at the parting, whenever 
possible, so that heavy sections may 
be fed directly by gate and feeder, 
or if thei 
from the gate that proper risering 
It is preferable to 


positioning be remote 
be resorted to. 
have the casting in a permanent 
mold in a vertical position except for 
the tilt of the 
should 
offer operating or other advantages, 


mold. However, 


another pouring position 
the designer will not hesitate to lay 
out the mold so as to gain the bene- 
fits so derived. 

In the design of the mold seg- 
ments sufficient room should be pro- 
vided around the cavity for altera- 
tions in size and position of gates, 
runners and risers. There must be 
sufficient height of gate and feeder 
so that enough liquid head is pro- 
vided to insure filling all parts of 
the mold cavity. Should the mold 
as designed provide too much head, 
it may be cut away; if the head be 
insufficient, pouring blocks must be 
attached to the mold parts. 


Preventing Metal Leakage 

There should also be enough room 
on the sides of the mold faces to 
allow for gates and feeders and suffi- 
cient flat ‘surface to make a good 
‘eal to prevent metal leakage at the 
time of pouring. Small and medium 
sized castings are filled through one 
gate from a ladle. Larger 
castings may require as many as four 
gates, each fed simultaneously from 
a separate ladle. 

Pour Control. Efforts have long 
been made to eliminate the human 
element factor in the pouring of a 
permanent mold casting. When the 
pour is too hard, the metal is agi- 
tated and likely to trap and carry 
air and dross over into the mold 


single 
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cavity; when the pour is too easy, 
misruns are prevalent (Fig. 1). Con- 
trol may be partially attained as 
follows: 

1. By putting a sump at the base 
of the gate. Such a device will not 
in itself be fully effective but will 
help decrease possible turbulence; 

2. By making the volume of the 
feeder about one-third greater than 
the volume of the gate, thus slowing 
the rate of flow into the cavity; 

». By drastically choking the 
stream of metal from gate to runner. 
Either by means of multiple fingers, 
at various levels, tapering from run- 
ner to gate and so placed as to flow 
metal upward from gate to feeder, 
or by means of a fan slit arrange- 
ment tapering from the gate to an 
opening slightly more than the thick- 
ness of the casting at the feeder; 

4. Or a. gooseneck curve in the 
gate, supplemented by a fan, may 
be used as a method to control pour. 
The tapered fan slit from gate to 
runner contributes to positive pour 
control but places almost the entire 
burden of making sound castings on 
the shoulders of the designer, for 
the gate, riser, feeder, etc., must be 
right to produce sound castings. 

This is a difficult problem, espe- 
cially in castings where the sections 
vary drastically in mass. In cast- 
ings with changing sections, it would 
be ideal to vary the rate of flow of 
metal into the mold cavity with the 
changing mass of the casting. When 
metal feeds through a tapered fan 
slit no changes can be made in the 
rate of flow into the mold cavity 
because the slit affords a positive 
choke and no casting can be poured 
too “hard” unless the slit is too 
open. 

Rate of Pour 

Thus scrap due to blow holes and 
castings containing hard spots are 
kept at a minimum. With a more 
open connection between gate and 
runner a good mold operator can 
determine at what rate to pour dif- 
ferent sections of any castings after 
he has made a few trial pours. 

When multiple tapered fingers are 
used to connect gate to runner, the 
operator has partial control over the 
pour and may vary it to suit the 
varying mold sections. The connect- 
ing fingers are also so located as to 
feed massive sections more readily, 
and eliminate any necessity for 
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Fig. 1—-Drawing illustrating nomenclature used to describe pow 
trol gating of passages leading to or from a permanent mold 
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change in the rate of pour. With 
this set-up,- fewer obviously scrap 
castings will be made but it must be 
remembered that the pourer has only 
partial control over possible turbu- 
lence and its resultant defects. 

From the gate, the metal filling 
the mold cavity flowers into a side 
runner or riser, or, in some cases of 
horizontally placed cavities, into a 
riser directly over the casting. The 
side feeder or runner should be 
about one-third larger in cross-sec- 
tional area than the gate. 

The purpose of this is, (a) to 
slow down the rate of metal flow 
and thereby reduce possible turbu- 
lence, (b) to make the flow of metal 
into that part of the mold cavity 
which forms the casting easy and 
uniform, and (c) to feed the casting, 
offsetting crystallization and con- 
traction shrinkage. The feeder 
should be shorter on both bottom 
and top than the gate, but provi- 
sions should be made at the bottom 
for a small sump and at the top for 
a small pressure ball. 

A slit extending almost the length 


of the runner acts as the inlet for 
metal from runner to casting cavit 
Only the sump and pressure ball ar 
not tied into the casting. The widt! 
of this slit inlet should approach th 
thickness of the casting at the point 
it ties in. About 0.010 in., general) 
less, should be left to serve as a wit 
ness mark for use as a guide when 
trimming the gate off the casting 

When the casting is filled directly 
from the riser, the same general pro- 
cedure is followed, the inlet increas- 
ing or decreasing in cross-sectior 
with changes in thickness of sections 
of casting being fed. Slit inlets ar 
used in order that hot metal will be 
supplied to solidifying zones to 4 
crease the tendency for porosity du 
to too long solidification periods 
which would be produced with the 
hotter metal or locally over-heatec 
mold sections. 

There is generally the twnden 


to carry the too large solid mser 
used in sand casting over into per 
manent mold designs. Such /arg 


risers, with their long so!:difcaton 
time, slow down produ: cause 
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eating of the mold and 
nsible for draws and 
,djacent areas. In theory, 
metal is required in a 
eding, than that necessary 
sate for contraction in the 
the metal in the section 
by it. 
I; e of unwanted draws and 
as due to too long solidi- 
me can be greatly reduced 
is such as to give even 
on from the 
Risers are best used and con- 


bottom up- 
fe1 s devices to supply metal 
ip crystallization and con- 
tion shrinkage, rather than as 
ents to force metal down 
the body of the casting in order 
hold up a thick section by sheer 
head. As stated before, 


‘id head riser 
the general 


should follow 
ur of the casting sections which 
feed with the inlets opened as 
ich as possible, leaving only a wit- 
irk for trimming. 
It was formerly 
make 
tions as heavy as possible because 


Wa Thickness. 


nsidered essential to mold 


reased sturdiness in construction 
ipposedly minimized warpage and 
king in mold segments. This 
int increased operating difficul- 
lue to exceedingly cumbersome 
lds. Another that 
though a long period of time 
required to bring the heavy 
ids up to operating temperatures, 
reached this temperature would 

tay more or less constant. 


notion was 


Thermal Conditions 


Present experience contradicts 


those old ideas. Uniform tempera- 
tures throughout the mold are not 


ways necessary. More often a tem- 
erature gradient across certain sec- 


tions of the mold gives the correct 


thermal 


conditions for the desired 


rate of solidification of the casting. 


lt is common practice to apply 
xternal heat to that part of the 

which forms the minimum sec- 
| of the casting and may conse- 
too little heat to 
untain the desired temperature in 
It is more feasible, and 
operating standpoint prefer- 


ently receive 


Dl operate a lighter weight 
mold without the necessity for using 


heat, and to depend on the 


‘fat given up by the metal during 
oliaihcation to make up the losses 


#@ to convection and conduction. 


In extreme cases, it may even be 
desirable to cool very heavy casting 
sections which may be in too light 
mold sections by impinging a stream 
of air at the affected 


holding periodically 


spot or by 
waste wetted 
with water at such a section 

There is no hard and fast rule for 
determining proper mold thickness. 


Some advocates of thin mold sections 


have suggested wall thickness of 
about three times the thickness of 
the casting. Permanent mold cast- 


thick 
This would 
indicate a mold wall thickness of 
0.300 in. While such a light mold 
may be extremely fast, it probably 


made in 
0.080-0.090 in 


ings are commonls 


ness of 


would not have a very long life. 
Molds of about twice that thick 


ness, 544 in., have been built and 


have proven to be mechanically 
weak. Cracking at changes in mold 
ection was quite prevalent even 


when all possible precautions for its 
preventions were taken. When used 
for making castings 0.125 in. thick, 
molds were also found to be 
fluc- 


tuations of either metal or mold. 


Mold Cracking 


such 


very sensitive to temperature 


When with a wall 
thickness of 3% to 7 in. were made 
for the above the 
to crack and was 


decrease. The sensitivity to tempera- 


new molds 


parts, tendency 
warp found to 


ture changes had also decreased but 


the molds were somewhat slower 
than those with the thinner wall 
section. 


Nor can a mold thickness of three 
times the casting section be accepted 
for heavy castings, say 3% to | in. in 
cross section. The resultant molds 
would be very massive, diflicult to 
operate from a mechanical stand- 
point and difficult to control mold 
operating temperature. It must be 
remembered that in all molds, the 
supports and various operating sec- 
tions in contact with the mold all 
carry away their share of the heat 
from the mold segments. 

Therefore, mold segments need be 
no heavier than required to main- 
tain the required temperature gradi- 
ents. In general, mold sections need 
be no heavier than 1% to 2 in. or 
slightly more for extremely heavy 
castings. It is good practice to have 
the mold contour follow roughly that 
of the casting to be made in it, so 
that the transfer of heat from metal 
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to mold be on the basis of equivalent 
sections 

As in sand castings, but far more 
sparingly, chills find valuable appli- 
cation in securing an even rate of 
solidification and in influencing its 
direction In permanent molds, 
chills are also pressed into service as 
vents as well as acting the conven- 
tional role of substitute for risers at 
inaccessible heavy casting sections 

The degree of 
trolled by the 
the insert 
Chills are 


however, 


chilling is con- 
the 
this 
{ Op- 


used 


when only small increases in chilling 


material and 


length of used for 
purpose generally 


per, steel may be 


are desired. With venting always a 
problem in permanent molding, ad 
vantage is taken of the presence of 
all chills, and vent lines are invari- 
filed on the sides of the chill 
Che application of chills can 


ably 
inserts. 
only be stated in general terms as 
the foundryman alone, with his skill 
and experience, can decide on the 
precise application of chills for each 
particular job. 

Mold Preparation and Painting. 
A phase of permanent molding pro 
cedure passed over rather lightly by 
the uninitiated is the part ef mold 
painting. This phase of the process 
is really an art. Skill at the applica- 
tion and trimming of mold paint re- 
quires long practice before satisfac- 
tory results can be assured. 

There several proprietary 
paints on the market and every per- 
manent mold foundry has its own 
preferred Basically all 
mold paints contain a_ refractory 
such as whiting, French chalk or a 
similar material, and a binder such 
as water glass, both suspended in 


are 


formula. 


water for easy application with a 
spray gun. A _ lubricant such as 
rouge or graphite may be added to 
aid the parting of mold segment and 
casting. 


Mold Paint Formula 


One paint which has been used 
successfully in production over a 
period of years is made up as fol- 
lows: About 30 gallons of water in 
an appropriate container is brought 
to a boil. Seven quarts of 40 per 
cent water glass are added. and 
stirred into the boiling water. Then 
10 lb. of whiting are added and 
thoroughly dispersed through the 
boiling mixture and finally one 
pound of rouge or graphite is also 
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added to the boiling material. The 
suspension is boiled for a few min- 
utes longer, allowed to cool to room 
temperature and is then ready for 
use. The solid ingredients tend to 
settle out on standing. Therefore 
the paint should be well stirred be- 
fore it is ladled into a spray gun 
prior to application. 

A paint of the above type is used 
on mold faces, cores, gates, runners, 
risers, etc.—all sections that go to 
make up the mold cavity. Some 
cores and core pins that have a long 
stroke, in contact with the newly set 
casting, generally require more lu- 
brication. This is supplied by water 
suspension of graphite applied peri- 
odically, as required, with a spray 
gun or after each cast by dipping 
the part into the graphite water sus- 
pension. It must be noted that such 
a coating will differ in thermal char- 
acteristics from the one produced by 
the above mentioned paint. 

Prior to painting, molds are 
cleaned and heated to about opera- 
tion temperature which is in the 
neighborhood of 700° F. When a 
new mold comes out of the machine 
shop, an individual pipe burner 
should be made for it. The burner 
should be so constructed that the 
entire mold is uniformly heated and 
distortion due to unequal expansion 
is kept at a minimum. The various 
mold segments, which have been 
previously stress relieved after rough 
machining, are assembled. 


Pre-Heating of Molds 

Using the newly constructed 
burner, another long, rough normal- 
izing treatment should be given to 
the assembled mold. During this 
treatment all mold faces should be 
tightly clamped together—the cores 
are left loose and the heat applied 
from the outside is gradually in- 
creased to the desired temperature 
and held at temperature for a few 
hours or days depending on the size 
of the mold. By such treatment pos- 
sibilities of cracking and warpage of 
the mold are kept at a minimum. 
Should any distortion or warpage 
take place during the treatment the 
mold parts are refitted. 

The hot mold is then disassem- 
bled for painting. The sections to 
be painted are slightly roughened by 
a light sand blast in order to make 
the paint stick better. A light coat 
of paint is sprayed over all parts of 





the mold which are to be covered. 
This coat is rubbed down with steel 
wool. 

Painting and rubbing down are 
continued until a tightly adhering 
layer of the proper thickness has 
been applied. The average thickness 
is around 0.002 in.—lighter or heav 
ier in different sections depending 
on the chilling effect desired. 

A skilled painter will finish a job 
with two or three coats and finish 
all the gates, runners and _ risers 
which require a much heavier coat 
by applying additional paint to 
these areas with a hand brush. The 
thickness of the paint in critical sec- 
tions is trimmed by scraping to the 
proper thickness and is finally 
smoothed over to leave no marks on 
the casting. The mold sections are 
then reassembled, the mold closed 
and reheated to operating tempera- 
ture with its burner. 

A good paint job should last 
through 24 hr., more or less, of con- 
tinuous production, depending 
somewhat on the number of pours, 
the size of the casting, the rate of 
operations, etc. It is generally neces- 
sary to make minor repairs and trims 
on the paint intermittently through 
the production period. 


Mold Paint Property 

The painted surface should not 
be too smooth. Among the proper- 
ties of the paint which are taken 
advantage of are its ability to enable 
the metal to lie quietly against the 
mold face, to help control the solidi- 
fication of the casting, and to pro- 
tect mold sections against erosion by 
molten metal. 

The modification of paint in 
thickness or type will influence the 
rate of solidification of the casting. 
The thickening of the refractory 
paint in certain areas will delay 
solidification at that point appre- 
ciably. Hence, gates, runners, risers, 
thin areas of the casting are among 
the sections which are given a heav- 
ier than normal coat of paint so that 
heat is retained and thus other sec- 
tions of the casting fed more effec- 
tively. At sharp changes in section, 
it is customary to remove the paint 
altogether and so provide chilling. 

Elaborately trimmed paint jobs 
should be avoided because of diffi- 
culties in exact duplication. It is 
wiser to study possibilities thor- 
oughly and obtain control of pro- 
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gressive _ solidificati 
means, such as gate 
by application of hy 
to the affected ar 
other steps may be 
than to try to ‘obta 
only through paint. 


On a mold in p 


paint wears progressi 
and becomes less and 
until misrun castings 
common. When = ¢} 
reached, it is advisab : 
the old paint with a \ 
light sand blast. and n 1 
and repaint the mold 
outlined. 

It is not good pract i 
a cold mold previously painted 
room temperature up to oper 
temperature—unless on! | 
castings are to be made. T] 
ence in the expansions of th 
and the mold will cause th 
to crack or pull away from 1 
in spots as operating ten 


peratur 
being reached. Results unde: 
conditions will not be satisfactor 
Melting Practice. A sound n 
ing practice consistent with th: 
nomics of the production of good 


quality aluminum alloy and mag 
sium alloy permanent mold castir 
cannot be stressed too highly. A 
poor or haphazard melting pract 
can defeat the best of perma: 
mold design. 

In considering furnaces fi 


ing aluminum and magnesiun 

it is necessary to have in mind the 
nature of the alloy; make up of the 
melting charge; rate of output re- 
quired; operating conditions; dros 
loss and fuel consumption. W! 
the output of light alloys is only a 
small part of the total product 
the melting charge may be made di- 
rectly in the casting room holding 
furnace. 


Melting of Alloys 
In foundries where a large 
of output of molten alloy is require¢ 
the alloys are melted in a battery 
of tilting furnaces with capacities o! 
250 lb. or more. This is done to cut 
the time period of melting as shor 
as possible; to prevent excessive OX 
dation, gas absorption, iron pick 
and waste of fuel; also to insu! 
continuous supply of molten 4! 
to the casting room. 
Where large tonnage ©! 


rat 


aluminum alloy are consume, met 


Al 
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iso be done in a large 





rv furnace. The molten 
nsferred from the tilting 
a bull ladle or crucible 






ble capacity and carried 





or tram rail for larger 





stationary holding fur- 





h may range in Capacity 
to 600 Ib. in the casting 







{ im Alloys. Iron pots are 
ised for melting aluminum 






suitable coating or wash is 





the inside of the pot so as 





iron pick up from the 





uminum alloys. For melt- 





iluminum-magnesium and 





-silicon alloys which have 





tendency to pick up iron 





melt. it is advisable to use 






Si reverberatory furnaces 





(0 Ib. in capacity are an- 
monly used melting medi- 
hese units may be charged 








door or well on the back 





the furnace and molten metal 





| adled out of one or two 





the front end. Ingot and 





crap are charged at about 





e rate as molten metal is be- 






adled out. This rate should be 





that the automatically con- 





ed casting temperature does not 





during the time the unit is 





duc tion. 






Furnace Fuels 





Furnaces may be heated with fuel 
s or electricity. The choice of 
hich will be dictated by economic 
rather than by any marked 






hnical superiority of one or the 





ther for the purpose of melting. 
Light alloys should be heated only 







the minimum temperature which 





| permit of its going through the 
cessary handling, without getting 
delow the proper pouring tempera- 
(he proper pouring tempera- 

ture for casting in any alloy is the 







west temperature consistent with 






inning any particular casting when 






id is properly gated, vented, 
ind heated. It is also possible 
the other extreme of pour- 
ng the alloy too cold, causing cold 
ts, trapped air and lack of sharp- 
resultant casting. Pouring 
tures most generally range 
det 1250° to 1500° F. depend- 
ng on type of casting poured. 
In :nodern foundries, aluminum 
ind magnesium alloys are melted 













under automatic temperature con- 
trol. Satisfactory control can be ob- 
tained with a portable pvrometer 
and thermocouple by checking the 
temperature several times during a 
heat. Another and more consistent 
means of temperature control may 
consist of a the rmocouple sus pt nded 
over each furnace and connected to 
a main pyrometer control board 

Fluxes are not generally used 
when the alloy is properly handled 
Only clean alloys should be used 
and they should be kept clean 
throughout the process of handling 
Fluxing is not a_ substitute for 
proper remelting conditions but if 
alloys have been melted under in- 
adequate control or a large amount 
of dirty foundry scrap has been 
added to the melt, fluxing is helpful. 
There are a number of fluxes to assist 
in deoxidizing and degassing alumi- 
num alloys. In general, the pow- 
dered fluxes are employed.to clean 
or deoxidize the melt, whereas the 
gaseous fluxes are used not only to 
clean but also to degas the molten 
alloy. 


Flux Constituents 


The fluxes may consist of alumi- 
num chloride alone or a mixture of 
calcium fluoride and sodium chlo- 
ride. These salt fluxes are stirred 
dry into the molten charge. A few 
minutes is allowed for the slag and 
oxide to appear on the surface. The 
bath is then skimmed. Gas fluxes 
such as nitrogen and chlorine, if used 
are bubbled into the molten alloy 
through a refractory or a coated 
iron pipe nearly reaching the bottom 
of the melt. Solid or gaseous fluxes 
must be introduced into the molten 
alloy absolutely dry. 

During the casting operation the 
molten aluminum alloys are uncov- 
ered and subjected to continual oxi- 
dation by the atmosphere, hence the 
caster should sweep aside with the 
bottom of the hand ladle the oxide 
film formed, and very carefully in- 
sert the hand ladle for quiet removal 
of the alloy from the pot, taking 
every precaution that dross will not 
enter the mold cavity. 

The pouring should be rapid 
enough to prevent cold shuts and 
misruns and at the same time slow 
enough to allow the casting to 
solidify progressively. The stream 
between ladle and sprue should be 
short as possible, and at no time 








should the stream be broken. This 
will avoid entrapment of air, agita- 
tion of the molten alloy and inclu- 
sion of oxide film. In order to aid in 
preventing cracks, the casting should 
be removed from the mold as soon 
as it has set 

At the end of the day ar afte 
each shift, pots, ladles, skimmers and 
other equipment coming in contact 
with molten alloys should be thor- 
oughly cleaned and a_ protective 
coating applied. A mixture of four 
parts whiting, two parts sodium sili 
cate and ten parts water is satisfac- 
tory when a thin coat is applied 
Iron pots should be thoroughly 
scraped to remove any loosely ad- 
hering pot scale. This will minimize 
the occurrence of so-called hard 
spots in the resultant casting. 


Melting Pot Washes 


The wash may be applied to pots 
at such a temperature that the wash 
neither boils off nor remains wet on 
the pot surface. The use of wash 
should, of course, be applied to all 
iron equipment coming in contact 
with the molten alloys as a protec- 
tion against iron pick up. Pots 
should be inspected at least once a 
day for cracks or breaks beginning 
to appear which might lead to quick 
failure. The damage done by a 
break out may be extremely serious, 
since it will not only cause the loss 
of a heat but it may also injure the 
furnace and the furnace tender or 
caster. It is not common practice 
to permit the molten alloy to freeze 
in the bottom of the pot because of 
possible damage to the pot. 

Another point that cannot be 
stressed too strongly is the establish- 
ment of a system to segregate scrap. 
This applies espec ially to jobbing 
foundries where a variety of alloys 
are used. It is an easy matter to 
contaminate an alloy either through 
mixing scrap or by melting or pour- 
ing from equipment which had been 
used previously to melt another alloy 
and had not been _ thoroughly 
cleaned prior to the change in alloy. 

Magnesium Alloys. Magnesium 
permanent mold casting alloys are 
most generally melted in steel pots 
free from metals for which magne- 
sium has an affinity. Chromium, 
vanadium and related metals are 
practically insoluble in magnesium, 
and hence alloy steels containing 
these elements may be used safely 






























~ 
nh 


for pots to melt magnesium alloys. 

Because magnesium has a tenden- 
cy to burn and absorb nitrogen from 
the atmosphere rapidly when molten, 
it is necessary to keep the molten 
charge covered at all times with a 
flux that has good covering power. 
Each melting method requires a par- 
ticular type of flux which may be 
procured from the produce of the 
alloy with which the flux is to be 
used. 

When melting in a tilting furnace 
some of the fluxes lack the necessary 
covering properties, thus in order to 
insure exclusion of the air from the 
surface of the metal, a flow of dry 
sulphur dioxide gas is used in com- 
bination with the flux to prevent 
oxidation of the magnesium alloy. 


Magnesium Melting Furnaces 

Tilting furnaces for melting mag- 
nesium alloys are designed with 
hinged covers that can be tilted back 
to permit cleaning and changing of 
the pots. The pots differ from those 
used for aluminum in that a baffle 
or pipe is welded along the side of 
the pot at the spout. The well thus 
formed extends to within a few 
inches of the bottom. 

When metal is poured from such 
a pot, care should be exercised that 
the molten metal is not drained be- 
low the bottom of the well. The 
above arrangement is used to main- 
tain the flux cover over the molten 
metal. The remaining molten heel 
will also facilitate melting down the 
next charge. 

In filling the hand ladle from this 
type of furnace, the tilting may be 
accomplished by a pneumatic motor 
actuated by a foot control pedal. 
This leaves the caster’s hands free 
to powder the stream with sulphur 
in order to produce an atmosphere 
of sulphur dioxide gas to prevent 
oxidation. 

After each heat, while the pot is 
still hot, it is thoroughly scraped to 
remove any loosely adhering mate- 
rial. During the cleaning operation 
flux is sprinkled on the molten heel 
to prevent burning. After the set- 
tlings and dress are removed from 
the surface of the molten heel, the 
pot is ready for the next charge. 
In magnesium permanent mold 
practice the charges are most gener- 
ally made directly in the casting 
room holding furnaces. 

In the stationary open pot furnace 





method of melting, the most widely 
used flux for cleansing and protect- 
ing the magnesium alloy from oxida- 
tim consists of 60 per cent anhy- 
dr»us magnesium chloride and 40 
pe cent sodium chloride. The ratio 
of :-\ux used is 1 to 14 lb. of flux to 
“ >, of alloy depending on the 
amx« ant of foundry scrap charged 
with the ingot. When the flux is 
meh d it forms a liquid bath for 
the nolten alloy. After the alloy 
hzs 1 velted, the charge is thoroughly 
stirre | to put the flux in action to 
wash -he alloy free of impurities and 
allowed to stand and cool till the 
desired casting temperature is 
reached. 

To take metal for pouring, the 
liquid flux is pushed aside with the 
bottom of the hand ladle. As soon 
as the ladle full of metal is with- 
drawn, the flux re-forms a cover 
over the area from which the ladle 
was withdrawn. Immediately on re- 
moval of the alloy from the pot, the 
surface of the alloy in the ladle is 
powdered with sulphur to prevent 
oxidation. 

It is not necessary to clean the 
melting pot in a stationary furnace 
after every heat providing the charge 
is kept at a level that will permit 
removal of magnesium alloy without 
disturbing the settlings. At intervals 
the settlings in the bottom ot the pot 
are removed with a strain spoon. 

Any flux or alloy added to the 
molten heel or charge must be per- 
fectly dry. The same applies to all 
equipment coming in contact with 
molten metal. Ladles are most gen- 
erally preheated by placing same on 
the projecting part of the furnace 
to drive off moisture. 


Grain Refinement 


To refine the structure, the moiten 
alloy is subjected to a temperature 
between 1600° F. to 1650° F. for 10 
min. and allowed to stand and cool 
to the desired casting temperature 
is reached. Casting temperatures 
range from 1240° to 1400° F. de- 
pending on type of casting poured. 

No washes are used in magnesium 
melting practice as with aluminum. 

At all times the molten magne- 
sium alloy should be under strict 
temperature control and sufficient 
flux on the surface leaving no part 
of the molten alloy exposed to the 
air or atmosphere. 
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Temperature Cont \y 
In order that the pe 
casting process hy 
feasible, it must be 
sistently producing cast 
form and satisfactory io 
important step in this 
control of the mold 
within a definite rang 
ing operation. It is kely mw 
all sections of a per ma 
would operate at the sa ter dead 
ture, and it is also unlikely thar as 
ferent molds would operat vith 
the same temperature : . 
There are probably |i 
mum and minimum temperaty 
between which a mold will operat 
successfully. It may be necessay 
apply external heating or cooling 
maintain the mold at equilibriy 
within the limiting —temperatur 
range. Each mold has its own 1 
perature range/time cycle and it 
necessary to determine experimenta 
ly the correct operating range for 
each mold and to hold al! the condi- 
tions within a definite range so that 
the castings will be of the desired 
quality. 


Mold Temperature 
Mold temperature is ccntro! 


through the accurate control of th 
pouring temperature of the 
being cast, by the casting cycle, by 
the thickness and trim of the « 
of refractory paint, by the thickness 
of the mold sections, and by the 
application of external heating 
cooling. 

In order to maintain th: 
temperature within the correct 
range, the casting cycle and pouring 
temperature should be held constan! 
The pouring temperature can b 
controlled either manually or auto- 
matically. It is possible to control 
the cycle time either by means 0! 
timers or by removing the casting 
at the same temperature or degre’ 
of solidification each time. Since th 
operator usually goes through th 
same mold preparation procedur 
each time before casting, it is rels- 
tively easy to maintain a uniform 
casting cycle. 

A contact or surface pyrometer 
provides a rapid and ea method 
for measuring the temperature 
the actual casting sur! of the 
mold. Its disadvantage i+ that the 
temperature can only be termined 


ry 


¢ 
Ol 
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casting is removed from 
\ thermo-couple inserted 
in the back of the mold 

d to indicate temperature 
during the casting cycle. 
st be taken, however, to 
rilling the hole too close 
sting surface, as this may 
| overheating of the mold. 
M will vary in temperature 
peration between those 
liacent to thin sections of 

» casting. Variations in mold tem- 
rature and, hence, in the casting 
lidification rate must be properly 
ntrolied in order that progressive 
ification may take place. Five 
ngs are commonly done to effect 
ld temperature differentials. In 
rder of decreasing desirability, they 


Proper design of gating and 
rsering to place the hot metal in 
most advantageous positions. 

Mold section thickness may be 
varied in order to provide more or 
ess mold volume for proper dissipa- 
tion of heat. 

Mold wash thickness may be 
varied in order to provide more or 

s insulation in various sections of 

mold 

+, Application of additional heat- 
g or cooling to the mold to correct 
r conditions unattainable by the 
ther three methods. 

). Use of chilling fins; chilling of 
the mold may be accomplished in 
everal ways. Fins can be attached 

the back or sides of the mold of 
iniiorm or varying lengths to pro- 
vide various degrees of chill. 


Mold Chilling Mediums 


Air can be used as a chilling medi- 
um by blowing it across fins, by di- 
recting the flow against a certain 
ection of the mold, or by drilling 
holes into the mold for the entrance 
and exit of a stream of forced air. 

Water may be used to obtain ex- 
treme degrees of chilling. It can be 
ied through a channel in the mold 
umilar to the method used for air 
chilling. Another method would be 
use the heat absorbed by boiling 
Me water as a chill, condensing the 
‘team and re-using the same water 
indefin tely. 

Finishing Aluminum. Gates and 
nsers are usually removed from the 
castings by means of a band saw of 
‘utah'e tooth design and operated 
at speeds of from 500 to 1200 or 


more {t. per min., or by sprue cut- 
ters or abrasive cut-off whecls. It is 
often feasible to make a fixture for a 
particular casting and remove gate 
and riser and also finish in one oper- 
ation. 

The final finishing of castings is 
generally performed by grinding 
wheels, disk grinders, and files. Sand 
blasting by air or by water and sand 
is also employed both as a means of 
cleaning and as a final finish, par- 
ticularly for architectural castings. 
The degree of finish is largely de- 
termined by the use to which the 
casting is put 


Welding of Castings 
Welding by 


may be done with the oxy-acetylene 
Welding of 
other than slight surface defects 


approved methods 


torch or electric ar¢ 


such as sand holes and misruns is 
not recommended. The welding of 
heat treated castings is also not rec 
ommended unless they are subse- 
quently reheat-treated. 

Large castings should preferably 
be preheated in a furnace before 
welding to minimize the danger of 
cracking. They should likewise be 
cooled slowly to room temperature 
after welding. Small castings can 
usually be preheated satisfactorily 
with a torch. The aluminum-silicon 
alloys are relatively easy to weld, 
being practically free from the 
tendency to crack except when the 
casting is very intricate or extreme 
variations in section thickness exist. 

The aluminum-copper alloys are 
more susceptible to cracking when 
welded owing to “hot shortness.” 
The aluminum-magnesium alloys 
are extremely difficult to weld satis- 
factorily because of dross formed by 
oxidation of the molten alloy. Radi- 
ographic inspection may be used to 
check the quality of welds, as well 
as to check gating and risering. 


Ornamental Finishing 


castings lend 
themselves to practically all methods 


Aluminum _ alloy 


of ornamental finishing. Such me- 
chanical finishes are produced by 
polishing, buffing, or satin finishing 
are readily applied with polishing 
equipment of the same type as used 
with other metals. Abrasive wheels 
made up of sewed muslin buffs 6- to 
12-in. in diameter to which emery 
of the desired size is glued are gen- 
erally employed, operating at speeds 
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of 5000 to 7000 ft. per min. For 
higher polishes, muslin or felt wheels 
and a polishing material such as 
tripoli or greaseless compounds may 
be used. Other desirable finishes or 
combinations of finishes may be ap- 
plied with circular wire or fiber 
brushes or hand rubbing 

For certain applications, electro- 
desired, Such 
plated finishes as nickel, copper, 


plated finishes ar 


zinc, and chromium are as readily 
applied to aluminum alloys, provid- 
ing certain simple precautions are 
observed. Care should be taken to 
elect the type ol alloy and plate 
best suited to the particular job 
Generally speaking, electroplated 
coatings find their best possibilitie 
for parts not subject to continuou 
outdoor exposure 

The electrolytic process of oxida- 
tion or anodic treatment is often 
used as a means of finishing certain 
aluminum alloy castings Several 
methods for producing such electro- 
chemical coatings are in use, being 
differentiated by the electrolvte use4 
Otherwise, the processes are quite 
similar, in that the article to be 
coated is made the anode in a bath 
of specified composition. The oxide 
coatings so produced possess, in ad- 
dition to their protective value, re 
markable abrasion resistance, dielec- 
tric characteristics, and electrical in- 
sulating properties. Certain types of 
coatings are very absorbent and can 
be readily impregnated by dies and 
mineral pigments both for color ef- 
fects and to increase the corrosion 
resisting properties. 


Rough Trimming 


Finishing Magnesium. Castings 
are rough-trimmed to remove sprues, 
gates, and risers; sand blasted: and 
given a first inspection prior to heat 
treatment. Final clean-up generally 
follows the heat treating operations. 
Band saws, made from 20-gauge 
spring temper steel with 4 teeth per 
inch, are operated at a speed of ap- 
proximately 4000 ft. per min. Power 
hack saws should have 10 teeth per 
in. and hand hack saws 14 teeth 
per in. 

Single-cut files are recommended 
and the type known as “body work- 
er’s” files are quite satisfactory for 
heavy work. Portable electric or 


pneumatic chippers, rotary files, and 
grinders are used to good advantage. 
Medium-hard grinding wheels ‘K to 
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M for alundum) are recommended. 
A grain size of approximately 20 is 
satisfactory for foundry snagging 
operations, while a grain size of 30 
to 46 is best for more accurate work. 

Tools used on magnesium alloys 
should not be used for other metals 
to avoid the danger of sparks. This 
is particularly true with grinders 
due to the inflammability of the 
powder. Special precautions should, 
therefore, be taken to see that all 
skim gates and core wires are re- 
moved from the castings before 
grinding and that the wheels do not 
touch steel inserts. Operators’ cloth- 
ing should be of smooth cloth with 
no pockets or cuffs in which dust 


can collect. 


Fire Risk 

The grinding wheels and the floor 
around them should likewise be kept 
free from dust, preferably through 
the use of a suction exhaust system. 
If proper precautions are observed, 
the fire risk is small and if ignition 
should occur, the flame will be con- 
fined to a minimum of material. 
Regular molding sand will quickly 
extinguish any fire that does start. 
Graphite, table salt, or cast iron bor- 
ings should be used in case of fire 
in the machine shop or around 
equipment that might be damaged 
by the abrasiveness of sand. 

Welding and soldering of castings 
are not as common practices in the 
magnesium foundry as with some 
other metals, although these opera- 
tions may be used to repair small 
surface defects in unstressed sections 
of certain types of castings. In 
acetylene welding, the casting should 
be heated to 600 to 750° F. The 
filler rod should be of the same gen- 
eral composition as the casting and 
a flux should be used. The com- 
pleted welds should be thoroughly 
cleaned in the chrome-pickle solu- 
tion (see below) to remove any ad- 
hering flux. 


Soldering Castings 

Castings to be soldered should be 
thoroughly cleaned by wire-brush- 
ing, chipping, or filing so as to pre- 
sent a clean surface to which the 
solder can bond. They are then pre- 
heated to 300 to 400° F. and the 
solder vigorously puddled with a 
sharp-pointed steel tool until it has 
alloyed with the magnesium. Suit- 
able soldering materials include 90 
per cent cadmium-10 per cent zinc 


or 60 per cent cadmium-30 per cent 
zinc-10 per cent tin. The former is 
less brittle but requires a somewhat 
higher temperature. 

Painting is the most practical sur- 
face finish for magnesium castings 
where appearance and protection 
are important. Chemical finishes 
have been developed but they are 
more important as _ preliminary 
treatments for painting than as dec- 
orative coatings. 

The successful painting of magne 
sium alloy castings offers no unusual 
difficulties where approved materials 
are used and good painting practice 
is observed. Oxide films and dirt are 
generally removed mechanically by 
sandblasting or wire brushing. Oil 
and grease are removed by washing 
with a solvent, such as carbon tetra- 
chloride or gasoline, or are removed 
by treatment in hot alkaline clean- 
ers. Cleaned castings are then given 
the chrome pickle treatment. This 
consists of a 1/12 to 12-min. dip in 
an aqueous solution containing 1.5 
lb. of sodium bichromate and 1.5 
pints of concentrated nitric acid per 
gallon of solution. 


Chrome Pickling Castings 


This bath becomes depleted on 
use but its efficiency can be restored 
by proper additions of bichromate 
and acid. The bath should be dis- 
carded after it has been rejuvenated 
four or five times. Upon removal 
from this bath, the castings are al- 
lowed to drain for a few seconds 
and then thoroughly washed in hot 
water. This treatment improves the 
corrosion resistance of the metal and 
gives an excellent “tooth” which in- 
creases the adhesion of subsequent 
paint coatings. 

The selection of the primer is very 
important in view of the fact that 
all representatives of a given class 
of paints do not show the same serv- 
ice performance. Vehicles with 
maximum adhesion and maximum 
imperviousness to water should be 
selected where service conditions are 
severe. 

Baking primers and finishes have 
excellent adhesion and are, there- 
fore, recommended for small cast- 
ings or wherever they can be ap- 
plied. Zinc chromate primers meet- 
ing Navy Specification P-27 should 
be used on large castings in service 
near salt water or continuous moist 
air. The latter constitute the best 
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all around primers ( 
used where the typ: 
unknown. 

The choice of surfa 
coats » likewise impr 
perhap: not so exact \ 
quality oil paint or e1 
factory for interior w: 
synthetic and _ oil-b 
enamels represent the 
products for outdoor ; , \ 
the sea coast. 

Heat Treatment 
The mechanical proper 
aluminum alloys may 
improved by a suitab] 
ment. The type of hi 
employed is determin: 
cases by the properties d 


castings. 


Solution Heat Treatment 
As a general rule, the heat trea. V 
ment consists of two step 
the solution treatment, whic! 
ried out in the range of 900 t 
F., followed by a quench, wit! 
accelerated age or precipitation | 
treatment at from 300 to 6 
The solution treatment is prefe1 
done in electric- or radiant-tu H 
heated furnaces, since it has | 
found that slight traces of! 
and moisture in the furnac: 
phere will materially affect « 
of some of the alloys, causin: 
eranular embrittlement 
Circulatory fans are desirab 
the furnaces to provide a w 
distribution of the heated air. 1 
quench which follows the sol 
heat treatment is usually in be 
water in order to minimize inte! 
stresses. An air-blast quen:! 
be used under certain conditions, | I 
will usually result in a lowering 
the mechanical properties. I 
case of large intricate castings hav- 
ing thick and thin sections, it 0 
be necessary to eliminate the solu 
treatment entirely and use onl 
precipitation treatment. 


Aging Heat Treatment 
Castings of most heat t ted 
loys, after solution treat: 
dergo a room temperatur 
action, resulting in an 
tensile strength, yield sti 
hardness, with a decrease in duct Ps 
ity. This aging proceeds rapidly 2! 
first, and, for all practica! purpos 
has sufficiently progressed «ter » 
4 days to give expected solutiol ; 
treated properties. : 
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aging may be acceler- 
precipitation heat treat 
nav be done in eithe: 
or gas-fired oven. By 
tion of temperature and 
degrees of hardness 
ined which pass through 
and. if carried suff- 
ypproach the hardness 
iled material 
\{ which has been carried 
aximum hardness is fre 
rred to as “over-aged. 
ition is frequently used 
<imum stability is desired 
vhere stability of the ma 
sired and where maximum 
rope rties are not necessary 
recipitation treatment 1s 


( mployed. 


Heat Treatment of Magnesium 


\ magnesium sand casting 

being used commercially 
ible to heat treatment with 
mprovements in mechan- 


Both the 


ecipitation methods are 


erties. solution 
ending on properties ré 
Che solution heat treatment 
H.1 of the Mg-Al-Mn 


of 16 hr. heating at 775° F. 


alloys 


m-oxidizing atmosphere fol- 

a quench. It iwcreases 

strength, toughness, and 
ve elongation of the alloys. 
iller percentage aluminum 
Meg-Al-Mn-Zn alloys permits 
f a lower temperature and 
desirable to avoid the hot- 
mperature zone occasioned 


resence of zinc. 
Precipitation Treatment 


wing or precipitation heat 
nt (H.T.A.) is given to the 
heat treated material and is 
illy complete after 16 hr. at 
This treatment raises the 
trength and hardness of the al- 
th a lowering of ductibilits 
ighness. Properties interme- 
tween those of the solution 
ited and the fully aged con- 
an be obtained by giving 
a partial or short-time pre- 
heat treatment. This par- 
if is not used extensively, 
because of the practical 
s encountered with furnace 
consisting of various sized 


with both thick and thin 


ite temperature control is 


very. impor \ 
the solution |} t tr me hick 

rried ou mperature 
to the ott ol I ( 
Electrically he ited ovens qui] ed 
with automatic temperature control 
and fans that giv revel n di 
rection of the circulating trim here 
insure the proper te erature regu- 
lation 

Defi 1} Cau ind P 

Th ne d I t I 

countered in a ht metal per ner 
mold foundry are dro ind inclu 


shrinka: ( 


cracks and misruns. Such defects 


s1IoOnSsS, blow hol < 


ire largely a function of melting 
pouring, gating, venting and paint- 
ing 

Dross and inclusions ar 
due to dirty metal: improper or in- 
sufficient skimming of the metal in 
the melting furnace and/or in _ the 
ladle: to improper pouring and gat- 
ing which permits too great agit 
tion of the metal as it is poured and 


as it enters the mold cavity 


Blow Holes 


Blow holes are usually due to dirty 
metal whos increased viscosity 
makes difficult the escape ol en- 
trapped air or gas; to improper 
pouring and gating where overly tur 
bulent metal will carry with it air 
which cannot be given off before 
solidification; to improper venting 
which prevents the escape of air or 
gas in either the metal or the mold 
Cavity 

Coarse grain size may not always 
be due to high metal temperature, 
but may be an inherent character- 
istic of the particular metal being 
used. Such coarse grains can caust 
shrinkagt especially of the surface 
variety. In such a case, the addition 
of a grain refiner to the holding pot 
will eliminate or minimize _ the 
hrinkage defect 

Shrinks may appear either as sur- 
face de pres ions or 
Chey indicate either lack of feeding 
or lack of progressive 
Shrinkage may be 


changing the trim or 


as porous spots 


solidification 
eliminated by 
amount ol 
paint in the shrink area; by the use 
ol adequat riser and chills: or by 
changing the gating so that coole1 
arcas in 


When 


hrinkage is accompanied by large 


metal is supplied to th 


which shrinkage occurs 


crain size it is generally an indica- 
tion of a high pouring temperature 
By increasing the area of the inlet 


of hot metal at any on 
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to the mold cavity. it may be possible 
to pour the casting at a lower tem- 
perature, thus decreasing the amount 
point and 
overcoming the tendency for shrink 
Lack of venting may 
th caus ol shrinkage in 


permanent mold castings 
Porosity Causes 


porosity in aluminum ts 


I 


Pinholk 
due to gas, generally hydrogen, ab- 
sorbed by molten metal, usually from 
contact with moisture, and which 
has been released as the metal solidi- 
fied. The principal factors which in 
occurrenct ol 


High 


pouring temperature 


fluence the pinhole 


porosity are melting and 
absorption ol 
gas in melting; use of oil scrap 
which has not been properly cleaned 
and refined: excessive agitation of 


metal during melting, transferring 
and pouring; rate of solidification 


too slow: insufficient venting 


Pinhole 


prevalent in magnesium castings as 


porosity is not nearly as 


in aluminum It generally occurs 


with other defects such as dross 


pockets, blows, etc., and is probably 
due to similar conditions. To aid in 
its elimination clean metal should be 
wured from a ladle held close to 


the mouth of the spru Proper gat- 


ing for maximum skimming and 


minimum agitation of the metal is 
also a factor. Tilting and venting of 


molds, particularly for large flat 


areas of tin aids in the elimination 


of this particular defect 
Hot Shortness 


Cracking in castings is the result 
of “hot shortness” in the alloy at 
temperatures just below the freez- 
Ing point lo minimize cracking, 
to contraction 


sources ol resistance 


as the casting cools through the hot 


short range should be eliminated 
Weak parts may be strengthened by 
the use of ribs, fillets or fins, or with 
gating technique which has for its 
goal the promotion ol progressive 


solidification 


Misruns may be due to metal 


poured at too low a temperature; 
the mold being too cold or its tem 
perature improperly controlled; the 
mold paint being improperly applied 
nd trimmed: insufficient venting 
may build up enough back pressure 
to hold back the air in the mold cav 
ity, large areas of such air may then 


be surrounded by molten metal and 
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cause misruns to occur in casting. 


Development and Field of Use. 

A.S.T.M. specifications are the 
bases for Table 1. The alloys listed 
by A.S.T.M. were in use before and 
during the war and are now some- 
what dated. War experience neces- 
sitates the review of limits recom- 
mended for materials for use in per- 
manent mold casting. Based on this 
experience, A.S.T.M.’s specifications 
are being drastically revised at pres- 
ent. Changes in alloys and composi- 
tion limits may, therefore, be ex- 
pected in the very near future. For 
this reason, detailed discussion of 
developments and. uses will be held 
in abeyance until ideas on post-wat 
specifications crystallize. 


Committee Personnel 

Personnel serving on the Perma- 
nent Mold Castings Committee of 
the Aluminum and Magnesium Divi- 
sion were as follows: Alfred Sugar, 
Chairman, The American Metal 
Co., Ltd., New York; L. G. How- 
lett, Bernett Castings Co., Hart- 
ford, Mich.; A. W. Stolzenburg, 
Aluminum Company of America, 
Detroit, Michigan; Major J. W. 
Wheeler, Consultant, Springfield, 
Mass.; W. E. Carver, Amory Perma- 
nent Mold Co., Jamaica Plains, 
Mass.; W. J. Klayer, Aluminum In- 
dustries, Inc., Cincinnati, Ohio; and 
R. E. Ward, Eclipse-Pioneer Divi- 
sion, Bendix Aviation Corp., Teter- 


boro, N. J. 
DISCUSSION 


Chairman: R. E. Warp: Eclipse Pio- 
neer Div., Bendix Aviation Corp., Teter- 
boro, N. J. 

Co-Chairman: A, T. Ruppr, Bendix 
Products Corp., South Bend, Ind. 

Hiram Brown’: You spoke about run- 
ning permanent mold castings of about 
Y%-in. in thickness. Would it be prac- 
ticable to have %-in. thickness on the 
wall and bottom of a frying pan, for 
example. 

Mr. Sucar: You can pour a Casting 
such as a frying pan %-in. thickness all 


over. It can be done. In fact, you can 
pour irregular surfaces such as a wash- 
ing machine agitator or a waffle grid 
down to 0.090-in. all over thickness. 
However, in an article like a frying pan, 
you would prefer to have a bottom that 
is a little thicker than the sidewall to get 
better and more uniform heat dispersion, 
uniform heating all over the pan 
You can run them as thin as 0.125-in 


.e., 
and do it successfully 

Mr. Brown: We were running that 
thickness before and we had trouble. I 
was wondering if there was some par- 
ticular reason to expect trouble on a job 
of that type. 

Mr. Sucar: The thinner the section 
is the more difficult it is to run. You 
might change your pouring temperature 
or your mold painting. Very often you 
will find by roughening your mold paint 
you can pour a much thinner casting 
than you can with a normal mold paint 
job 

J. G. Mezorr’: I would like to ask 
Mr. Sugar about the use of his term 
“even solidification.” Is that contrasted 
with progressive solidification ? 

Mr. Sucar: I meant progressive solidi- 
fication, with the casting solidifying to- 
wards the gate at all times. 

Mr. Mezorr: i understood you to 
read in your report that in a permanent 
mold casting, you wished to get more or 
less uniform sections throughout, in order 
to obtain even solidification. 

Mr. Sucar: Progressive solidification 
is what I had in mind. 

M. G. Corson’*: I would like to ask 
Mr. Sugar whether he recommends de- 
gasifying the metal before pouring, and 
secondly whether he has ever treated 
the castings for density. I believe that 
there are two causes for trouble. First, 
if your metal has gas, that gas will de- 
velop gas pockets, and if you have a 
bubble of gas which did not show up as 
cast, it may show up by heat treatment 
by forming a blister. 

Mr. SuGcar: You speak of gas as being 
detrimental. That will depend on the 
type of casting that you are about to 
make. If you are making an item for 
direct consumption, that is, certain items 
like agitators, you will find gas is very 
helpful in filling your casting. On the 
other hand, if you are looking for the 
maximum physical properties, then gas 
will have a very detrimental effect on it. 

I think you will find that your melting 
practice has a very important bearing on 
the amount of gas that is put into the 
metal. If you get a good grade of ingot 
and your melting practice is also good, 
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there will be little or 
to degasify your metal 

Mr. Corson: The ine 
comes with quite an amo 
and it has a very low 
with. That is why I recx 
case of Alloy 220, makir 
and checking the density 
checks 2.565, the meta! 
otherwise, it must be cle © 
if you have gas in your 
is practically unavoidabk 

Mr. SuGcar: You mea 
ment. 

Mr. Corson: Yes, 
trouble, particularly in th 
220, when you try to dir 
susceptible to intergranular 

Mr. Sucar: Does that 
to do with the amount of 

Mr. Corson: No, it may be a 
clean; they are entirely differ 
Intergranular shrinkage means thay 
ing solidification, the grains pull 

Mr. Sucar: I would not asso 
with intergranular shrinkage. For s|} 
age, you will feed and for gas bl 
you can degasify with boron tric} 
nitrogen or chlorine gas 

Mr. Corson: The metal should 
melted by electrical resistance at t} 
set, so that no gas will touch it at 

Mr. Sucar: That will depend ent 
on the quality of the ingot you get 
the quality of your melting. If th 
is good and your melting practi 
good, then there should be no ne 
for degasing. On the other hand, if 
the ingot is poor or your melting 
tice is poor, then you should degasify 

G. G. Giver’: In respect to degasif 
ing or cleaning the metal, have y 
any correlation between cleaning of ¢ 
metal and the grain size of the 
Do you not find that the cleaner 
get the metal, the coarser the grain 

Mr. Corson: Yes, and I like 
cause I get higher tensile strengt! 
higher ductility. Of course, if it is a 


tion of surface finish, the large grains 
are not desirable, but otherwise, it does 


not make much difference whether 
grain is 3 or 4 mm, or 0.1 mm 
CHAIRMAN RuppeE: Do you 
mend a binder for sand cores? 
Mr. Sucar: No. Any good binder t! 


is used normally in making sand 
is satisfactory. 


Solar Precision Castings, Des Moines, Ia 
2Dow Chemical Co., Midland, Mic! 
*Consulting Metallurgist, New York 
‘Ebaloy Foundries, Inc., Rockford, lll 
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? This paper interprets provisions of the G.I. Bill in 

relation to educational benefits to qualified vet- 
erans of World War Il. These provisions are inter- 
preted in relation to the Four-Year Foundry Course 
and the Two-Year Machine Shop Training Course given 
by the author's firm under the G. |. Bill to returning 
veteran employees. 

























Caterpillar Tractor Co. had con- the-job” training and receiving com 


W. M. Owen 
Assistant Director of Training ducted a number of full-time train- pensation for his work, will be en- 


> a Co. ing COUPrses., Prior to the wal this titled to the ditferenc e between the 
eorta, . 






company had eight full-time courses beginning rate of pay for journey- 









in its plant at Peoria, Ill. These men in the field for which he is 
ONE OF THE PROVISIONS of Public courses included apprentice train- being trained and his training rate 
Law No. 346, better known as the ing in the machine shop, foundry, of pay, so long as the difference 
G. 1.” Bill, is “On-the-Job Train- and pattern shop, and employee does not mes either $65 per 
g program subsidized by the training courses in machine shop, month or $90 per month, depend- 
Veterans Administration to fur- sheet metal work and arc welding ~~ whether he & singse os 






married, and so long as this differ- 


Training Courses Offered ence added to his regular traininy 
pay does not exceed $175 per month 






er the education and training for 
terans in industrial trades, crafts, 






In addition to these, a College 





nd similar constructive learning. 





for single men and $200 per month 





Graduate Training Course, Business 





The Bill provides federal govern- 
ent aid for readjustment to civilian 


for married men 





lraining Course and a Cooperative 










; Traini ‘ourse were re Foundrymen Cours 
of the returning World War II Ir uining Course were offered. In io d Y e e 

teran. Any veteran who has served November, 1944, these courses were Four-Year Foundrymen Course. 

os z . . 5 - re > late f : , . i 4k P ; eo i 
days or more, who has other approved by the Veterans Admin- ~* ee rpillas V'rac — Co., . . na 
’ , , istrati , nefi » 8G , there is a gray iron foundry 
than a dishonorable discharge, who istration for benefits under the “G gray ndry 
1.”’ Bill. The author’s company was where for a number of years a Four- 





erved after September 16, 1940, and 
efore the termination of the war 
ntitled to benefits. 


Year Founderymen Apprentice 





among the first to have training 






Course was conducted. Table |! 





courses approved by the Veterans 





shows that the wage rates for this 

























Administration. sal 
ini ituti . . articular course commence at sev- 
Training Institution At the present time this company | t t Saw the Gret See 
Yad oa , edna. ont - ~ de 
\ veteran who is eligible for edu- has approximately 300 veterans en- pri glial 
tional benefi der the “G. I.” — ; “Ip months, seventy-six cents for the 
‘tuonal benefits under the ye 4. rolled in their various training 9; Pd 
Bill aie oie td at next six months, eighty-one cents for 
li may elect to take fis training courses, all ol whom were either re- . : 
; a the next six months, etc. Below 
education at any approved edu- ceiving subsistence allowance or have thee Gem ase thee sent toe 
‘ional or training institution (in- eir papers in process. The author ; : : a3 
eae bi hla \ th vo converted to equivalent monthly 
uding training courses conducted will point out what the benefits are rates, thus seventy-one cents per 
industrial establishments). It for a trainee or apprentice who is a nee ee: OM femenes per week is equal 
loes not matter whether or not the veteran and who qualifies for edu- to $123.07 per month. The gradu- 
tution which will accept him as cational benefits by citing some ating monthly rate of $199.33 is also 
tudent or trainee is located in wage rates under the “G. I.” Bill. indicated. This is the rate of $1.15 
the state in which he resides. The The veteran who enrolls full-time per hour converted to a monthly 
ithor will confine his remarks to in a school, college or university figure. 
h the bill applies to industrial has the cost of schooling (tuition, Now if a qualified veteran enters 
tr g and more particularly how books, fees, etc.) up to $500 per this training course he will receive 
ogram has been operating at year paid by the Veterans Adminis- seventy-one cents per hour or 
“aterpillar Tractor Co. tration. In addition to this, the vet- $123.07 per month for the first six 
For many years prior to the war, eran may receive $65 per month if months. He is being trained for a 
single, or $90 per month if married, job which will pay him $1.15 per 
; i at an rentice Training Session . setence ; ance as : on 
~ . Filtieth "Anoual Meeting of the as @ subsistence allowance. hour or $199.33 per month. The 
Mi ae Association, May 9, The veteran who is taking “on- difference between these two figures 
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Table 1 \d 
TRAINING Pay AND SUBSISTENCE ALLOWANCE FOR QUALIFIED VETERANS IN 
TRAINING AT CATERPILLAR TRACTOR Co.’ 
| Two-Year M 
1040-hr. periods’ Four-Year Foundryman Course —— Shop Tra 
(6 mon.) Ae 2 5 4 5 6 7 8 1 2 
Hourly rates $ 0.71 $0.76 $081 $086 $0.92 $0.97 $ 1.02 $ 1.07 $0.91 $0.95 §& & 
Equivalent monthly 
rates 123.07 131.73 140.40 149.07 159.47 168.13 176.80 185.47 157.73 164.67 1 
Graduate monthly 
rates 199.33 199.33 199.33 199.33 199.33 199.33 199.33 199.33 195.87 195.87 19 
Difference $76.26 $67.60 $58.93 $50.26 $39.86 $31.20 $22.53 $13.86 $38.14 $31.20 § ¢ 
Subsistence allowance 
per mon. (single).. 51.93 43.27 34.60 25.93 15.53 6.87 ~ — 17.27 10.33 
Subsistence allowance 
per mon. (married). 76.26 67.60 58.93 50.26 39.86 31.20 22.39 13.86 38.14 31.20 f rl 


Graduating rate, $1.15 





' Showing inereasing training pay and decreasing subsistence allowance under the G. IJ. Bill. Figures are based on 40 hr. per week 
* Numerals indicate successive 1(40-hr. periods. .Wage increases every 1(40-hr. period, credit given for overtime 
* Graduating rate, $1.15 








is $76.26 per month. The Veterans 
Administration will pay this veteran 
$51.93 per month, if he is single, or 
$76.26 per month if he is married. 

Table 1 indicates the subsistence 
allowance per month for a married 
veteran and indicates the decreasing 
amounts that will be received by 
the veteran from the Veterans Ad- 
ministration. The top line indi- 
cates the increasing compensation he 
receives from the company. Both of 
these figures added together will 
equal the graduating rate of $199.35 
per month. The subsistence allow- 
ance per month for single men 
added to the training pay per month 
totals $175, which is the top limit 
established by the Veterans Admin- 
istration for single men. 

The intention of the “G. I.” Bill 
is to compensate the veteran for the 
time spent in military service by 
making available to him the differ- 
ence between the training rate of 
pay and the graduating rate of pay, 
if he is enrolled in a bona fide train- 
ing course. Recent changes in the 
bill placed a top limit on total earn- 


’ 
ings. 


Two-Year Training Course 

Two-Year Machine Shop Train- 
ing Course. Table 1 shows the 
training rates for a two-year ma- 
chine shop training course conduct- 
ed by the author’s company. The 
training rates of pay are ninety-one 
cents, ninety-five cents, ninety-eight 
cents, and $1.01 per hour for each 
six months period. The graduating 
rate is $1.13 per hour. Indicated in 
Table 1 are the differences between 


the graduating rate and the train- 
ing rate. 

In this particular course a veteran 
will receive $38.14 per month from 
the Veterans Administration for 
the first period of training if he is 
married, which together with the 
pay he receives from the company 
for training will equal the gradu- 
ating rate. If the veteran is single 
he will receive $17.27 per .month 
for the first period of training. This 
same pattern is followed in all train- 
ing courses at the author’s plant. 
The training rates and _ course 
length varies in the different courses. 


"On-the-Job" Training 

“On-the-Job” Training. A train- 
ing course that is set up to meet the 
requirements of the approving 
agency for the Veterans Adminis- 
tration is more attractive to the vet- 
eran than one that is not. A vet- 
eran returning from service qualified 
and interested in the foundryme: 
course would naturally rather go to 
work for $1.15 per hour than seven- 
ty-one cents per hour. And that is 
the difference of having the training 
course approved by the subsistence 
allowance under the “G. I.” Bill and 
not having it approved. 

In most states the approving 
agency for the Veterans Adminis- 
tration is the State Board for Voca- 
tional Education. These people are 
guided by certain requirements that 
must be met, and the State Board 
for Vocational Education will help 
set up training in your business*es- 
tablishment. The requirements are 


fairly simple and includ Edu 
First, a list of the job pro 
upon which you agree to giv 
veteran experience. These job pr 
esses or job types should by compre. 
hensive enough to develop 
rounded mechanic in the fie! 
which he is being trained 


Second, classroom instructior 
must be given to enable the veterar 
to learn related information pertain- 
ing to his craft or trade. This 
lated information is to be given 
the rate of 144 hours per year 
the specific subjects listed in 
schedule. The department of Vi 
tional Education will assist by off 
ing the required courses in your 
high school. 

Third, training rates of pay or es 
gradually increasing scale averagi! re 
no less than 50 per cent of the | 
ginning journeyman’s rate for 
period of training. These three re- ) 
quirements must be in writing and ( 
submitted to the approving agenc\ 


Administration Requirements R 

It is not the intention of the Vet- 
erans Administration, contrary | 
what many people think, to pay t! 
difference between what a vetera! e 
may be receiving on a job and | 


top rate for that job. 


For example, a veteran may > 
working on, let us say, a sane 
slinger. Let us say he makit 
$1.00 per hour and that is the start 
ing rate paid on this job. Let us & 


sume further that the top rat 

the job of a sand slinger operator! 
$1.40 per hour. Some people think 
that by merely asking th: Vetera®™ 

















ition the veteran will re- 
difference of forty cents 
r $69.00 per month from 
ins Administration. 
uld only be true if you set 
na fide training program 
ou agree to train the vet 
| phases of the operation, 
give related instruction at 
if 144 hours per year and 
have a schedule of increas 
leading to the beginning 
ourneyman, $1.00 per hour, 
ther that the trade was an 
ceable trade or one. that 
required training to ade- 
handle the work. Training 
a sand slinger operator 
‘t meet the requirements. 
he Veterans Administration and 
State Board for Vocational 
tion in the State of Illinois 
only willing, but are anxious 
in setting up training courses 
veterans may participate in 
nefits under the “G. I.” Bill. 
[he Veterans Administration does 
ose any restrictions whatever 
whom you employ or in an, 
nterfere with your normal way 
ing business. 
Their only concern is that through 
pproving agency (the State 
Board for Vocational Education) 
they have assurance that the 
ning course meets their (The 


State Board) standard. Should you 


eet the standards, at some 

r date the Veterans Adminis- 
will merely cut off the sub 

e allowance to the veteran and 
rrupt his training under the 


G. 1.” Bill. 
DISCUSSION 


Chairman F. C. Cecu, Cleveland 
lrade School, Cleveland. 
Chairman—W. J. Hesarp, Con- 
Foundry & Machine Co., East 
go, Ind 
R. W. Garpner': I was quite inter- 
your program of apprenticeship, 
irly where you indicated that 
d a two-year program for machin- 
had at the end of this time 
a rate of $1.13 an hour, and 


you had a four-year program fo: uppren 
tices who at the end of that time re- 
ceived $1.15 

What influence does the time factor 
have on your ability to get men to fol 
low the foundry apprenticeship? There 
are many comments on the difficulty of 
getting foundry apprentices. It seems 
the program should be reversed. It looks 
like an inverted process 

Mr. Owen: We do have a four-veat 
machinists apprentice courst for young 
men 16 to 25 years of age Formerly 
the age limits were 16 through 18. but 
we broadened the age requirement afte: 
the war The two-year course in the 
machine shop is for the older employee 
An applicant has to be between 20 and 
32 

Mr. GARDNER How do your ap- 
prentice to machinist and foundrymen 
totals compare as far as your wishes are 
conce rned ? 

Mr. Owen: At the moment we have 
176 four-year apprentices in our machin- 
ist program, and a full quota would be 
about 275. Presently, in the foundry we 
have 12 apprentices, and a full quota 
would be 35 or 40 

Most of these 176 men are returned 
veterans, that have been on leave from 
our courses. We have the problem of 
attracting the right type of young man 
into our foundry. I think that people 
have a preconceived idea of what a 
foundry is. When a young man comes 
to the plant and asks for training, we 
discuss our various courses with him. We 
point out to him some things about the 
foundrymen apprentice course. Usually 
there is no waiting list and a boy can 
start right in if he is interested and 
qualifies. He will go back and talk with 
his parents, who most always discourage 
the boy 

We will ask a boy who shows a spark 
of interest, “Will you take a little time 
and let us take you through our foundry 
so that you can see through your own 
eyes what foundry work is? We get 
the boy there and he changes his mind 
considerably about the foundry, even if 
he does not decide to take apprentice- 
ship training in the foundry 

We do a lot of missionary work in 
that respect and it helps. All of us are 
going to have to do a lot more to help 
break down this barrier in the prospect's 
mind about the foundry. He hears it 
from all sides, “For heaven's sake, do 
not go into a foundry!” 

Our foundry apprenticeship course, 
which is four years in length, takes the 
apprentice through all phases of foundry 
work, including some time in the pattern 
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shop. He is given machine shop instruc- 
tion. He will eet more variety of work 
in his four vears than any other four 
year apprenticeship we have We have 
1 difficult time getting the number of 
people and the types ol people we like 
to have in our foundry course 

lr. W. GaALLaGaer I would like to 
comment on M: (wen s statement 
where he said $65 a month is allotted 
to unmarried and $90 to married vet- 
ran The law stipulates $65 without 
dependents 

I understood him to say that 144 


hours of classroom instruction would be 
compulsory The 144 hours is inter 
preted by the Veterans Administration 
for a registered course, “on the job 
training, as not compulsory You can 


go to any night school under this train 
ing program. Under this training pro 
gram in the foundry, we find that this 
parucular course of apprenticeship, com 
pared to “on the job” training, gives us 
a better working man, who makes more 
money and ects along a lot better on 
the “on the job” program than the ap 
prenticeship program in the foundry 
Also, the man is allowed remuneration 
for tools or equipment he needs for 
training, such as molder’s shoes or any 
thing else, up to and including $100 
Mr. Owen: I am glad you brought 
that up. I did not mention about the 
tools and incidental expenses. The Vet 
erans Administration will pay the vet 
eran for tools if the company custom 
arily requires the non-veteran apprentice 
or trainee to provide himself with tools 
In regard to 144 hours per year re 
lated instruction, that applies to both 
apprentice and “on the job” training 
The Veterans Administration says that 
any training course that is set up in 
industry has to be set up with 144 hours 
per year of related classroom work. The 
required related instruction can be had 
through night school courses, company 
training, or a home study course Re- 
lated instruction has to be supplied 
through some means, even though the 
training is not apprentice training but 
is “on the job” training 
If the company provides related in 
struction and it meets the requirements 
of the approving agency, the require 
ments are fulfilled [The Veterans Ad 
ministration states that if we fall short 
of 144 hours of related instruction they 
will take the veteran out of the training 


course. 


' Ford Moter Co., Dearborn, Mich 
2? Lake City Malleable Co., Cleveland 


























FANS 


Philip Cohen 
District Manager 
B. F. Sturtevant Division 


Westinghouse Electric Corp. 
Cleveland 





AND EXHAUSTERS 


The author defines fans and blowers. He dis- 
cusses the centrifugal fan, squirrel cage type 
fan, radial blade or paddle wheel type fan and the 


non-overloading type fans. 


Design and selection 


of hoods and piping, dust collectors, and fans are 


interdependent. 





ESEARCH and development 

which have brought fume and 

dust hoods, piping systems, 
dust collection and disposal, impor- 
tant component parts of an air han- 
dling system to their present high 
efficiencies involve much in the way 
of time and expense. Full benefit 
of these developments cannot be re- 
alized without the use along with 
them, of an equally efficient device 
which, figuratively speaking, gives 
them life—just as the heart does to 
the human machine with its veins 
or ducts and its dust and waste col- 
lectors. A well built human machine 
is helpless without a good heart or 
pump. Similarly, a well designed 
air handling system cannot produce 
its potential benefits without it too 
having a good “heart” which we 
have come to know in the foundry 
industry as a fan or blower. 

The first use of a fan for collect- 
ing and conveying dust was in 1866. 
The writer quotes from an article 
by Mr. F. Burnham McLeary in the 
March, 1914, issue of the World 
Work, referring to this application 
as follows: 

“Now this man Sturtevant was a 
Yankee and brimful of Yankee 
brains. One industry, it appears, did 
not satisfy him. And so when his 
workmen complained that a shoe 
buffer he had made, stirred up a 
fearful cloud of dust, Mr. Sturtevant 
made a study of the blower problem. 
The result was a little exhaust fan 
which seated itself close to the buff- 


Presented at a Session sponsored by 
the Safety and Hygiene and the Plant 
and Plant Equipment Committees at the 
Fiftieth Annual Meeting of the Amer- 
ican Foundrymen’s Association ai Cleve- 
land, May 6, 1946. 


ing wheel and sucked away every 
particle of leather. The air was left 
clean as a whistle. Thus came into 
being the first satisfactory exhaust 
fan, and the father of all modern 
fans and blowers in use today.” 


Fans Defined 

The NAFM (National Associa- 
tion of Fan Manufacturers) has re- 
cently issued Bulletin No. 105 en- 
titled “Standards, Definitions and 
Terms in use by the Fan and Blower 
Industry.” The author quotes from 
it as follows: 

“The term fans and blowers has 
come into general use by custom. 
Within the industry, the terms fans, 
blowers and’ exhausters convey the 
following idéas: 

1. Fans refer to the complete as- 
sembly of a machine comprising the 
rotor and housing and includes both 
blowers and exhausters. 

2. Blowers are fans used to force 
air under pressure. 

3. Exhausters are fans used to 
withdraw air under suction. A cen- 
trifugal fan consists of a fan rotor 
or wheel within a scroll (or spiral) 
type of housing, including driving 
mechanism supports either for belt 
drive or direct connection.” 

A centrifugal fan is a centrifugal 
pump. It imparts energy to the air 
passing through it by the action of 
centrifugal force, drawing air in at 
the center and discharging it at the 
periphery of the wheel into the hous- 
ing from which it passes out through 
the discharge opening or outlet. 

Despite being invisible when 
clean, air has definite weight or 
mass; 13.33 cu. ft. of air measured 
at 70° F. and 29.92 in. Hg. (normal 
atmospheric pressure at sea level) 


| 
weigh 1 lb. This means that 4 
handling 13,333 cfm. is ach 
working with a mass of 1100 |b 
min. or one ton every 2 min. A 


mass equal to | ton of sand or | | 
of iron passes through 30 times 
hour in that particular size of {a 
It is obvious, therefore, that 
for use in a foundry must b 
rugged piece of equipment 

The measure of the total energ 
imparted to a quantity of air flowing 
through a fan, is the total pressur 
which it develops. When that quar 
tity of air, or volume in cfm., passe: 
through a fixed fan outlet opening 
it must do so at a definite velocit 


: : a 
since Velocity me Quantity divid- 
4 A ad 


ed by Area. This velocity represents 
kinetic energy, the energy of motio 
and is measured by the _velocit 
pressure which creates that motior 

The difference between this veloc- 
ity pressure and the total pressur 
generated by the fan is known 
the static pressure. Velocity pressur 
acts only in the direction of air flow 
Static pressure acts in all directions 
at right angles to, and in the dire 
tion of, the air flow. It is the pres- 
sure which tends to burst or collaps 
a pipe or chamber. It represents 
potential energy. 

The writer likes to think of ve! 
ity and static pressures in a les 
technical sense. He likes to think 
velocity pressure as the vehic! 
which speeds the air along. He likes 
to think of static pressure, becaus 
it also acts in the direction o! all 
flow, as the advance guard, the 
torcycle squad, which moves ah 
of the speeding vehicle, brushing 
aside all obstructions to leat 
passage to the vehicle. 
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Squirrel cage or multiblade 
ty pe fan. 


if you will, that the in- 

ces of your air piping are 
oth but instead covered with 
nd projections, bristles and 
tions. Imagine further that 
nvisible motorcycle squad 
1} 


tions. The measure of the 


ad smoothing out these 


with which this is done is the 

pressure. In short, it 1s the 

chich overcomes resistance to 
of air. 


ikes horsepower to develop 


sure Obviously, the slower the 


as to move, the less velocity 


sure is required. The less resist- 


there is to overcome, the less 
pressure is required. Keeping 
component parts of the total 
ire to a minimum, keeps the 
power required to a minimum. 


ir velocity also means less 


Drasion or erosion on elbows and 
ts. Lower total pressure means 
ver fan speeds and longer life. 


the true resistance of a system 
nore than the static pressure 
vhich a fan connected to it is 


ted, the cfm. rating of that fan 


t static pressure will actually 
through the system provided: 


Chat the manufacturer’s tables 


rated on NAFM and ASHVE 


at restrictions or bends at 
et or outlet, especially the 
do not change the fan char- 

which is determined by 
h 10 diameters of straight 
the inlet or outlet or both. 
lat additional connections 
grinding 
ods and dust collectors over 
ve the original design are 


dditional wheels, 





not added ad infinitum without in 
creasing the original speed and pos- 
sibly the size of motor 

The writer cannot emphasize too 
strongly that a definite relationship 
exists between the fan and the svys- 
Many 


engineers have the impression that 


tem to which it is connected 


when a fan is selected from the fan 
tables for a certain cfm. and stati 
pressure and the fan is operated at 
the speed indicated, the fan will au- 
tomatically deliver that amount of 
air. That is not necessarily so 

A fan has an infinite number of 
capacities at a given speed. Imagine 
a fan in operation with no duct work 
on it and with merely a solid plate 
fastened to a short outlet extension 
This is one extreme We call this 
“Blocked Tight.” 


is zero. The pressure developed is 


The cfm. delivery 


slightly less than the maximum pres- 





Fig. 2—Multiblade forward curved 
blade rotor for fan in Fig. 1. 


sure the fan can develop at that 
speed. It is called the Static No 
Delivery. It has no practical value 
in the field. 

The other extreme is to remove 
the solid plate and then we have 
the maximum capacity of the fan at 
that speed. It is called the Wide 
Open Volume. Between these two 
extremes there is an infinite number 
of capacities, and. which one you ob- 
tain is wholly dependent upon the 
nature and magnitude of the re- 
strictions placed on either the inlet 
side or discharge side of the fan, or 
both, in the form of hoods, piping 
and collectors, rain caps, etc. 

A fan will do as much as it is 
permitted to do. It will operate 
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anywhere in its capacity range sub 
ject only and con pletely to the re 
sistance of the system, in other 
words, the actual static pressure loss 
4 fan table merely says in effect 
‘If the static pressure loss is no more 
than x inches, then the fan will de- 
liver the specified air quantity and 
only then.” 

If the static pressure loss is more, 
the capacity falls off If it is less, 
the capacity increases. In the former 
case you find insufficient air move 
ment at your hoods and a settling 
of dust in the ducts due to too low 
a velocity. In the second case, in 
creased velocity is the result and 
usually the horsepower increases 
With excessive velocity, ec:osion of 
elbows and piping is more rapid and 
collector maintenance may be in- 
creased 

Squirrel cage-type fan. There are 
on the market three distinct types of 
centrifugal fan. One of the oldest 
is the multiblade forward curved 
blade fan, sometimes known as the 
squirrel cage type (Fig. | and 2 
It usually has 60-64 blades for singl 
width single inlet, with or without 
the cup shaped depressions in the 
blades. It is primarily a ventilating 
fan for low static pressures, not a 
fan for dust collecting systems. It 
occupies a minimum of space for a 
given duty and runs at the slowest 
speed 

On the other hand, it has a rap- 
idly rising horsepower characteristic 
and can easily overload a motor by 
a reduction in static pressure or by 
adding additional connections. The 
curved dished blades make good re- 
ceptacles for dirt and muck. The 


Fig. 3 Radial blade or paddle 


wheel ty pe of fan. 
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Fie. 5—Diagrammatic sketch of fan 
in Fig. 3, with provision for coolin 


shaft 


writer feels this fan has no place in 
a foundry with the possible excep- 
tion of the ventilating or air condi- 
tioning system for the office section 
where the pressure requirements are 
low and the air relatively clean. 
Radial blade or paddle wheel type 
fan. The second type is the radial 
blade or paddle wheel type (Fig. 3). 
Ihis is the old reliable of the indus- 
try. It is truly an industrial fan. 
Che wheel is made with 6 or 8 sim- 
p'e broad flat blades with or without 
side plates, depending on the nature 
of the material in the gir stream 
Fig. 4). It has been most com- 
monly used for dust collecting work 
handling exhaust from grinding, 
buffing and polishing wheels, with 
or without dust collectors, and be- 
fore and after dust collectors, usually 
in capacities up to 25,000 cfm. These 
fans are obtainable for larger capaci- 
ties but they become bulky and run 


at low speeds, making for costly 


Fig. 4—Radial blade rotor for fan 


9 


in Fig. 3. 





driving equipment 

These fans are lso commonly 
used in core oven work and heat 
treating tor recirculation and ex- 
haust, handling high temperature 
air. They can be provided with heat 
radiating devices to protect th 
bearings without the use of water 
cooling Fig. ) 

he paddle wheel design lends it 
self very well to fabrication from 


I 


one piece castings ol heat resisting 


Cat resisting alloy sheet steel or to 


alloy for that application 

The pressure characteristic — is 
more stable than that of the squirrel 
cage type and thi horsep wer does 
not increase so rapidly with a d 
crease In system resistance. The pad- 


dle wheel fan can well be called the 





Fig. 6 Non-ove rload ng ty pe fan. 


old reliable of the industry 

Non-overloading type fan. ~The 
third type is the non-overloading 
type fan having a wheel with about 
12-16 broad blades for single width, 
single inlet, backwardly inclined 
away from the direction of rotation 

Fig. 6). While this fan is the new- 
est of these three types, the first 
commercially successful design of 
backwardly inclined blades was ac- 
tually made in 1913. 

This fan has many desirable fea- 
tures. It has a steep stable pressure 
characteristic over a wide range of 
capacity. It is the closest approach 
to a constant volume centrifugal 
fan. An increase in system resist- 
ance causes less capacity reduction 
than in other types. 

It has a self-limiting horsepower 








Fis 7 Rotor with P 
wardly inclined blad 
Fis . 2 


characteristic. A deer 
resistance will not ove) 
tor since the fan ha 
mine@ maximum hor 
every speed. Of the thr 
one has the highest effi 

It runs at high rot 
which permits the us 
diameter V-belt sheaves 
horsepower rating per b 
to direct connection t 
A. C. motors. 

If the non-overloadit 
wheel with flat, rather tl 
backwardly inclined blad I 
it can be used successful 
dling dust laden air, part 
capacities above 25,000 c! 
it can show an appreciah 
in horsepower. 

The flat blade is self-cl 
the wheel will remain con 
free from any deposits on t! 
There is no question about 
on the leaving side ol eff 
dust collector. Its use 
collectors for dry shakeout ex! 
and fume exhaust can 
blanket approval as it 
pendent on the possibili 
for erosion and corrosion. | 
its favorable characterist 
ly warrant first conside: 

All centrifugal fans 
nished in NAFM Arrat 
1 and No. 2 where the wv 
hung, with both bea 
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They can also be ! 
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} Axial flow type fan. 


with one bearing in the fan 

a single inlet fan. Gen- 

waking, ball bearings with 

ls are best suitable for 
installations. 

M thought should be given to 
of Arrangement No. 3 ex- 
the case of heavy dust load- 

lirty or corrosive fumes, and 
In these cases the canti- 
\rrangement No. | is unavoid- 
but careful attention must be 
foundations and setting of 
iipment. It is not reasonable 

ct that overhung wheel fans 
lirect connected fans particu- 
in be taken from a freight 
foundation 

This 


tus must be checked for level 


nd placed on a 
further examination. 


mment. 





the war, there has been a 
| interest in the axial flow fan. 
the war 45,000 of these fans 
irnished for Navy combat ves- 
ne and used for hull ventila- 
replacing earlier designs of 
heavier centrifugal fans. In 
the Navy procured many 

r forced draft boiler applica- 
veloping pressure up to 60 
his fan will definitely find a 
foundry work. It can easily 
for the capacities and pres- 
u require in dust collecting 
lthough at present commer- 


} 


cial offerings are limited largely to 
IY, to 3 in. pressure It is most 
practical when direct connected to 
the motor 

Che problem of keeping bearings 
and V-belt drives out of the air 
stream in belt driven units is not 
serious and has been worked out 
The axial flow fan should not be 
used indiscriminately, although it is 
suitable for certain fume exhaust 
work involving large volume of air 
The author used the axial flow fan 
for that purpose for the past five 
years and believes it is the fan of the 
future. 

Poor maintenance, addition of 
more connections without changing 
speeds and motors, are responsible 
only in a small measure for unsatis- 
fume and 
By far and 


large, it is because of divided re- 


factory performance of 


dust collecting systems 


sponsibility for the installation itself. 

The writer tried to point out how 
interdependent the design and selec- 
tion of hoods and piping, dust col 
lectors, and fans are. The practice 
of purchasing these items individ 
ually at minimum cost, together 
with the unwillingness of the pur- 
chaser to pay for an extremely im- 


Engi- 


is the reason 


intangible, namely, 


Re sponsibility, 


portant 
neering 
for unsatisfactory installations even 
when utilizing the best equipment 
available 

Do not think in terms of dust and 


7 hree-blade licht duty rotor 
for fan in Fig. 8 
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fume collecting equipment Think 
in terms of dust and fume collecting 
tems. Place the entire responsibil- 
Contract for th 


itv at one source 


entire system with one party on an 
installed and satisfactory operating 
basis Whether this contractor be a 
fabricator, dust collector manufac- 
turer or fan manufacturer, whether 
he manufactures 10 per cent or 90 
per cent of the contract material in 
his own shops, is not of prime im- 
portance The important thing is 
that this contractor be financially re- 
sponsible and, above all, possess an 
engineering staff with the engineer- 
ing “know how.” 

For every cu. ft. of air exhausted 
from a building another cu. ft. will 


No building 


In the winter 


leak in to replace it 
can be made airtight 
time this can create a hazardous, 
cold, drafty condition. Do not in- 
stall a dust or fume exhaust system 
without giving equal consideration 
to the 
through a properly designed tem- 


replacement of that ai 


pered air supply system. 
Granted these investments in cap- 
ital equipment are costly, but the 


day is gone when they can _ be 
State laws have seen to 


efficient 


avoided. 
that. But. in 
fume and dust 


addition, 
collecting systems 


contribute definitely to increasing 


morale and production. Obviously, 
therefore, they merit your most Ccare- 


ful consideration 


Fi 10—Multiblad: 


rotor for fan in Fig. 8. 


heavy duty 
































STEEL SUSCEPTIBILITY TO 
HOT-TEAR FORMATION IN CASTINGS 


A contribution to the subject of hot-teo, 

formation in low carbon steel castings. One 
possible cause may be the allotropic transformo. 
tion of delta phase into gamma phase in stee!, 





N. B. Gelperin 
Chief Engineer 


State Institute 
Moscow, USSR. 


IN ANY DISCUSSION of hot- 
tear formation in steel castings, the 
question of the susceptibility. of vari- 
ous steels to hot tearing always arises, 
as pointed out by Briggs* (1943). 

Original investigation and observa- 
tion data indicate that: 

(a) Various steels under the same 
conditions and depending upon these 
conditions are quite different in their 
susceptibility to hot-tear formation. 

(b) The tendency to hot-tear for- 
mation is essentially influenced by 
the allotropic transformation of delta 
phase into gamma phase, that takes 
place in most kinds of steel during 
the cooling of castings. 

The influence of this transforma- 
tion will be clear if the following 
points are considered as the basis of 
the theory of hot-tear formation: 

Hot tears are formed in most cases 
due to the hindered contraction of 
the metal during cooling. 

Factors which are responsible for 
hindered contraction may _ be 
divided, in most cases, into two 
groups—internal and external. 

(a) The hindrance caused by the 
mold, i.c., by the material of the 
etc. For. identification, this type of 
mold, cores, cross-bars of the flasks, 
hindrances will be termed “external 
hindrances.” 

(6) The hindrances which appear 


*C. W. Briggs, ‘“Hot-Tear Formation 
in Steel Castings,” TRANSACTIONS, Amer- 
ican Foundrymen’s Association, vol. 51, 


pp. 57-85 (1943). 


due to the temperature gradient pro- 
duced between the adjoining parts 
of a casting of various cross sections. 
In many cases, these temperature 
gradients reach a high degree in 
the cooling process. This type of 
hindrances will be termed “internal 
hindrances.” 

Both types of hindrances men- 
tioned above can exist in a casting, 
either separately or together. To 
avoid confusion, other factors which 
may play a part in hot-tear forma- 
tion have not been discussed in this 
paper. 


Carbon Steel 

Plain carbon steel immediately 
after complete solidification (just 
below the solidus) produces either: 

(a) Solid solution of carbon in 
delta iron (in carbon steel, which 
contains carbon up to the limit of 
point H of the peritectic line HIB 
in the iron-carbon constitutional dia- 
gram) or: 

(b) A mixture of solid solution of 
carbon in gamma iron and of solid 
solution of carbon in delta iron (in 
carbon steel, which contains carbon 
within the limits of points H and J 
of the peritectic line, called low car- 
bon steel), or: 

(c) Solid solution of carbon in 
gamma iron (in carbon steel with 
the carbon content above the limit 
of the peritectic point /). 

Out of the latter kinds of steel 
must be distinguished the types in 
which paritectic reactions exist (in 
carbon steel with carbon content 


This paper was presented and dis- 
cussed at a Steel Castings Session of the 
Fiftieth Annual Meeting, American 
Foundrymen’s Association, at Cleveland, 
May 10, 1946. 


within the limits of points J and | 
of the peritectic line, further calle, 
by agreement medium carbon stee! 

In this connection, the usual divi. 
sion of contraction into an “abow 
pearlite” point and “below pearlite’ 
point must be considered insufficient 
The contraction must be divid 
into three stages: 

(a) Contraction in the region of 
delta phase. 

(6) Contraction in the region 
gamma phase. 

(c) Contraction in the 
alpha phase. 

Hot-tear formation is greatly 
fected by a sharp change of thy 
coefficient and the rate of contra 
tion at the moment of the allotropi 


transformation of the first two phases 


(the transformation of delta phay 
into gamma phase) inasmuch as th 
mechanical properties of steel ar 
known to be quite low at thes 
temperatures. 


It must be considered that this 
transformation accompanies a con- 


traction in volume. Therefore, the 
temperature of this transformati 
can be considered “the main crit! 
temperature” of hot-tear formatio 


The transformation of gamma 
phase into alpha phase plays a sev- 


ondary role (especially for carbo 
steel) because by that time t 


mechanical properties of steel signi- 


ficantly improve. 


External Hindrances. If only ex- 
ternal hindrances to normal contrac- 
tion of the metal are present. hot 
tcars appear as a result of failure o! 
the metal at such high temperatures 
at which the cohesion between crys 


tal grains became weaker than th 
crains themselves. 
In such cases, the tow carbon s 


gion of 


tempe 
dour 


Mi 
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eptible to hot-tear forma- 
the medium carbon steel 
plained by the fact that 
vement of the mechanical 
of the crystals and of the 
hes force between them at the 
yperature near the solidifi- 
iperature is at a greater 
1e low carbon steel than in 

um carbon steel. 
It is important to note that, in the 
ion steel, with the increase of 
rhon content up to the limit of 
ctic point better results are 
This can be explained by 











that with the increase of 

rbon content in this kind of steel 
perature of the allotropic 
formation of delta phase into 
mma phase is comparatively higher. 
The total contraction of metal in 
in the region of delta phase 

vhen the mechanical properties of 
metal are very low) is insignifi- 
ind, consequently, the danger 

f metal failure at the temperatures 















this region is smaller. 
Coefficient Change 

Change of the coefficient and of 
rate of contraction produced at 
the transformation of delta phase 
the gamma phase is also not so 
rmful due to the fact that the 
mprovement of the mechanical 
roperties of low carbon steel after 
mplete solidification begins sooner 
vith the increase of carbon content. 
This refers especially to the tough- 
ness of metal due to the presence of 
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gamma crystals. 

Furthermore, by the time trans- 
rmation occurs mold material has 

t yet been heated to such high 
mperatures and the hindrances to 
normal contraction reach dangerous 

ignitudes (in the cases when such 
types of hindrances exist). 

Alloying elements eliminate the 
tendency of steel to hot-tear forma- 
tion caused by external hindrances 
’ normal contraction of metal if 
they effect the following: 

a) Increase at high temperatures 
the cohesive force between the crys- 
al grains of the metal. 

b) Produce immediately after 
mplete solidification solid solutions 
*'y means of which the strength and 
plasticity of the crystals improve. 
Jo not produce new struc- 
stituents, brittle at high 
| tures, deposited at the grain 
doun ies. 


favorable alloying elements 























of those mentioned in the foregoing 
are those which widen the gamma 
region at the expense of narrowing 
the delta region, both in tempera- 
ture and concentration directions 
Alloying elements narrowing the 
gamma region are less favorable than 
those widening the gamma region, 
even if they are added in such quan- 
tities that the gamma region entirely 
disappears and, in this case, the 
polymorphic change is absent. 


Crystals Lower 

This is explained by the fact that 
the toughness of crystals in alpha 
state is lower than that in the gamma 
state, and that here the cohesive 
force between the grains is realized 
more clearly. 

Internal Hindrances. If only in- 
ternal hindrances to normal contrac- 
tion of metal are present, hot tears 
appear because thin parts of a cast- 
ing tear off from the thick parts. In 
the case of plain low carbon steel, 
the temperature of the thin parts of 
the casting may drop during the 
cooling cycle to such values that the 
allotropic transformation of delta- 
gamma phases within them will end, 
while in the thick parts of the cast- 
ing this transformation has not yet 
started. In consequence, the coeffi- 
cient and the rate of contraction of 
the thin parts sharply increase, and 
the tendency to “tear off’ from the 
thicker parts increases. 

As at the same time the mechani- 
cal properties of metal of the thin 
parts of a casting which are affected 
by the allotropic transformation in 
the region of gamma phase are bet- 
ter than those of the thicker parts 
which are still in the region of delta 
phase, hot tears appear in the thick 
parts, i.e., in the weakest parts of a 
casting, as previously mentioned. 


Gamma Phase 

In the case of the medium carbon 
steel, all parts of a casting (thin as 
well as thick) just below the solidifi- 
cation point are in the region of 
gamma phase. In this case, the ten- 
dency of thin parts to tear off from 
the thicker parts is eliminated be- 
cause both parts have the same 
structural constituent, and the sharp 
changes of physical properties which 
exist at the temperatures of the poly- 
morphic transformation are absent. 

Consequently, if only internal 


hindrances to the normal contraction 
of metal are present, the medium 






carbon steel is less susceptible to hot- 
tear formation than is the low car- 
bon steel. The influence of carbon 
content in both kinds of steel upon 
hot-tear formation affected by in- 
ternal hindrances to the normal con- 
traction of metal has not been com- 
pletely investigated as yet 

However, it may be supposed that 
the increase of carbon content in the 
low carbon steel will play a favor- 
able part due to the 
temperature of the allotropic trans- 
formation of delta-gamma phases 

Therefore, with the increase of 
carbon content in the low carbon 


increasing 


steel the temperature difference be- 
tween the thin and the thick parts 
of a casting at the beginning of the 
allotropic transformation of delta- 
gamma phases is quite small and, 
consequently, the tendency of thin 
parts to tear off from thicker parts 
is inconsiderable 
Alloying Elements 

Proceeding from incomplete data 
on the influence of alloying elements 
upon hot-tear formation when only 
internal hindrances to normal con- 
traction of metal are present, a con- 
clusion can be reached that the 
alloying elements which widen the 
region of the gamma phase at the 
expense of the region of the delta 
phase, both in the temperature and 
in the concentration directions, are 
favorable, especially if they improve 
the mechanical properties of metal. 

Alloying elements which narrow 
the region of the gamma phase have, 
in this case, a smaller but still favor- 
able influence upon the elimination 
of the tendency of steel to hot-tear 
formation. But this can occur when 
these elements are added in such 
quantities that the gamma region 
vanishes completely, and thus the 
steel is transferred into a range 
where the allotropic transformation 
at high temperatures is absent. 

It may be supposed that the ele- 
ments which raise the temperature 
of the allotropic transformation of 
delta-gamma phase will also be 
favorable. 

Internal and External Hindrances, 
and Other Factors. If both types of 
hindrances to normal contraction 
of the metal exist, the influence of 
carbon content and of alloying ele- 
ments upon the susceptibility of steel 
to hot-tear formation depends upon 
the combination of these hindrances. 
However, under all of these circum- 
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stances the better steel is that which: 

(a) Has no transformation of 
delta-gamma _puases. 

(b) Improves the mechanical 
properties of steel soon after com- 
plete solidification. 

(c) Produces gamma solid solu- 
tion immediately after complete 
solidification. 

(d) Has no chemical compounds, 
deposited at the grain boundaries, 
which are brittle at high tempera- 
tures. 

(e) Has no low fusible chemical 
compounds, at grain boundaries. 


Little doubt exists that alloying 
elements, with regard to susceptibility 
of steel to hot-tear formations, in all 
cases have considerable influence 
upon heat conductivity and fluidity 
of the metal, diffusion processes ex- 
isting during solidification, coefficient 
of contraction, and other properties. 
This influence is a subject for further 
research. 


Discussion 


C. H. Lorie’ (written discussion): Mr. 
Gelperin, in suggesting as one possible 
cause for hot tears in low-carbon steel 
castings the allotropic transformation of 
delta phase into gamma phase, has made 
an interesting contribution to the subject 
of hot-tear formation. According to the 
iron-carbon constitution diagram, those 
steels with less than about 0.18 per cent 
of carbon will contain delta iron imme- 
diately after solidification and would, by 
the reasoning of Mr. Gelperin, be sus- 
ceptible to hot tearing as a result of 
allotropic transformation. The steels of 
higher carbon content would contain no 
delta phase by the time they have com- 
pletely solidified, and hence other causes 


1 Metallurgist, Battelle Memorial Institute, 
Columbus, Ohio. 


for hot tearing would necessarily be oper- 
ative on such steels. 

Because the delta to gamma transfor- 
mation results in a contraction in volume, 
it is not difficult to visualize its impor- 
tance in promoting hot tears in the low- 
carbon steel castings, especially since such 
steels contain phosphorus and sulphur 
which may form constituents that exist 
in the vicinity of grain boundaries of 
lower melting temperature than the bulk 
of the steel. 

On the basis of Mr. Gelperin’s sug- 
gestion, it is reasonable to expect that 
the hot-tear propensity diminishes, per- 
haps sharply, in going from compositions 
in which the delta phase exists in the 
solid to those in which the phase is non- 
existent. This is provided that the longer 
freezing range for the latter compositions, 
or some other factor, does not compen- 
sate for the disappearance of the trans- 
formation effect. Foundries may have 
noted such a change in hot-tear propensi- 
ties with change in carbon content, but 
have not attempted an explanation. On 
the other hand, the matter may not 
have had much consideration, since the 
bulk of the steel cast is of a carbon con- 
tent outside the range for the existence 
of the delta phase in the solid, and few 
foundries have had experience with low- 
carbon melts. In view of the absence of 
any supporting data in Mr. Gelperin’s 
paper, in the interest of a fuller under- 
standing of causes for hot tears, it would 
seem desirable that the importance of 
the delta-gamma allotropic trarnsforma- 
tion with respect to hot-tear formation 
be appraised by some one. 

C. W. Briccs’ (written discussion): 
Mr. Gelperin presents an interesting dis- 
cussion on hot-tear formation, especially 
from the point of view that the allotropic 
transformation’ of delta phase to gamma 
phase is important in effecting sharp 
changes in the coefficient and rate of 
contraction of steel, and thereby influ- 
encing the hot-tear formation in steel 
castings. The author, however, does not 
justify his position with the presentation 
of data. It is understood by the writer 


2Technical Research Director, Steel Founders’ 
Society of America, Cleveland. 





Hor Tear Formatio> 


that the collection of su: 
edly not an easy matte: 
certainly true of any stud 
peratures close to the s 
perature of steel. Howe, 
tative data are necessary 
pletely the suggestions w 
has put forth in his pape: 

Studies by Driesen' fo: 
dicate that there is a ch 
efficient and rate of cont: 
perature of about 2555° | 
cause of the pronounced c!} 
delta phase to the gam: 
low carbon steels of 0.10 t 
carbon, the transformat 
place is between a mixtur: Ita nlc 
gamma phase and gamm: se. This —_— 
transformation apparent), 
duce a pronounced chang 
tion; at least Briggs and Gezeljys 
studies of the free and hindered cont, 
tion of carbon steel, were unabk ;' 
cord any contraction differences betw: 
the two steels (0.08 and 0.15 per 
carbon), which solidified as a n - are 
delta plus gamma, and the other 
steels which solidified as the ¢ 
phase. 

In view of the fact that the 
stated that the temperature of the trans 


formation of delta plus gamma to gamma nd 
phase was the “main critical ten pera Tha 
ture” of hot-tear formation of low car en 
bon steels, the writer wondered what the . 
author would consider as the crit ~ 

ul 


temperature of hot-tear formatior 
medium carbon steels? It is believed that oul 
the manner of selecting the critical hot nd 
tear temperatures as set forth by Hall’ 

and Briggs‘ is the more preferable 
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DETERMINATIONS CAN BE 
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Cornell University 
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Most RECENT published in- 


tion on the reproducibility ol 


ilts of the fineness test for 
that of Stanton Walker’. 
ort indicated that improve- 
test performance could be 
[he present study was made 
rmine whether reproducibility 
be achieved for A.F.A. Clay 
e Fineness Test. 
expenditure of time and 
in the performance of these 
they 


be performed only after a 


substantial, hence 


ry £27Toss sam ple is obtained 


the railroad car, heap, or sys- 


ould be 


Accuracy depends _ largely 
the care taken in sampling. 
make 


the 


inadvisable to 


determinations where 


ce is to take a small sample in 


hazard manner. 
rmination of A.F.A. Clay 
of Foundry Sands. Before 


fineness of 


the foundry sand 
determined any A.F.A. clay 
must be separated from the 
rains. A.F.A. clay separation 
Es- 
this procedure requires the 
il of the A.F.A. clay in a 
and 


dimentation procedure’. 


electrolyte solution 
ition or washing of the sus- 


clay particles from the sand 
lled water is not available in 


ited at a Sand Research Session 
Fiftieth Annual Meeting of the 
in Foundrymen’s Association at 


d, May 8, 1946. 


many foundries, hence tap water is 


used. The writer found that almost 


immediately after the sand sample 


is agitated with sodium hydroxide, 
as electrolyte, and tap water the 
flocculated clay settles upon the 
sand grains and is difficult to re 


move by decantation. A continuous 
washing apparatus was found to re- 
than 


Stand- 


move more flocculated clay 
could be accomplished by th 


ard A.F.A. procedure. 


Hills’ demonstrated that tempera- 


ture of the water used was a factor 
determining the percentage of clay 
obtained; in the sands he used, the 
the the higher 


the percentage of clay obtained. 


colder water used 


Water Temperature a Factor 
lap water “as received” and dis- 
tilled 
were used by the writer 
With 


water, more water of hydration sur- 


water at room temperature 
in all work 
reported. increasingly colder 
rounds each suspended clay particle 
the 


from flocculating and settling out 


thereby preventing particles 
tried as an 
The 


slight solubility of this salt required 


Sodium oxalate was 


electrolyte with tap water. 


a large volume of water to dissolve 


sufficient material. Potassium oxa- 


late has a greater solubility and can 
stock 


be made up in solutions of 


various strengths 

A series of pilot tests were con 
ducted to determine the strength of 
solution which 


potassium oxalate 


would give the best results with the 


tap 


amount ol 


part ular vater used The 


proper any electrolyte 
may vary with tap water in various 
the 


in this in- 


communities and sections of 


country. It was found 
stance that 25 ml. of a one per cent 
solution of potassium oxalate gave 
the best results. Ten grams of this 
oxalate per liter of water was made 


up for the stock solution. 


Pilot Tests for Clay Content 

Pilot tests were made according to 
the following procedure. A 50 gram 
sample of foundry sand containing 


105-110° C. 


and then agitated in a rapid stirrer 


clay was oven dried at 


for five min. with various amounts 
of the electrolyte and sufficient tap 
water to make a liquid volume of 
900 ml. The liquid portion was 
then poured into a slender tall cyl- 
350 mi. capacity and set 
aside for at least six hrs. At the end 
of that time the concentration which 
produced the least settling-out of 


the clay (denoted by least depth of 


inder of 


liquid ) was 


the A.P.A. 


clear supernatant 


chosen for use in clay 


determination 





mination. 


ber of foundry sands. 





* A procedure is presented for selecting the proper elec- 
trolyte to use with tap water for the A.F.A. clay deter- 
In the locality where the tests were made, 25 mi. 
of a one per cent potassium oxalate solution added to 475 mi. 
of water was found to be satisfactory. Wet mixing and riffle 
splitting of the sand sample will give quantitative duplicate 
determinations for the A.F.A. clay content and Fineness Num- 
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Table 1 

DuPLICATE DETERMINATIONS FOR A.F.A. CLay CONTENT FROM 18 

CarLoaps OF SAND Usinc 3 Types or CLay DISPERSING SOLUTIONS 
- Dispersing Solutions- - - —_—__—_— 

Standard A.F.A 500 cc. of Saturated 25 ce. of 1% Potasiam 

Cer Procedure Sodium Oxalate Solution Oxalate Solution and 

No Distilled Water with Tap Water 475 ml. Tap Water 
\ B — r. A B Aver. A B Aver. 
l 1.61 1.45 LS 1.69 1.49 1.59 o7 

2 103 149 1, 3 1.25 1.08 1.17 in ~ a 
3 1.10 ..13 1.13 0 96 1.06 1.01 174 ; 7G 1.77 
4 1.78 861.71 1.75 1.57 1.44 1.51 161 79 167 
5 1.68 1.23 1.46 1.67 1.57 1.62 7 "26 7 
6 6) 140 188 138 1435) 1392 Eas ee tet 
7 3.54 3.75 3.66 4.41 4.26 4.33 3 80 $68 78 
8 San 1.58 1.3 1.80 1.73 1.77 1.97 917 2.07 
9 1.79 1.95 1.87 1.73 1.83 1.78 1.84 1.94 1.89 
10 1.87 1.97 1.92 1.96 1.58 1.77 1.87 1.90 1.89 
11 1.68 1.74 1.71 1.65 1.68 1.67 1.55 1.64 1.60 
12 1.56 1.52 1.54 1.62 1.64 1.63 1.63 1.65 1.64 
13 1.88 1.57 1.73 1.82 1.56 1.69 Be, 1.84 1.81 
14 1.50 1.55 1.53 1.51 1.42 1.47 1.74 1.68 1.71 
15 1.58 1.82 1.70 1.62 1.62 1.62 1.60 1.64 1.62 
16 1.65 1.54 1.59 1.69 1.73 1.7] 1.78 1.94 1.86 
17 2.03 1.90 1.97 1.97 1.97 1.97 1.87 2.08 1.98 
18 1.62 1.68 1.65 1.58 1.54 1.56 1.67 1.67 1.67 
Aver. 1.75 1.74 1.85 











Duplicate determinations were 
made for the A.F.A. clay content 
from eighteen car-loads of sand. 
Table 1 gives the results of these 
duplicate determinations using three 
electrolytes. 

All results below the heavy line 
(Table 1) were obtained after the 
weighed oven-dried samples had 
stood in 50 ml. of water for 18 hr. 
before making the clay determina- 
tion. In a few instances this soak- 
ing increased the A.F.A. clay _per- 
centage obtained. For control work 
this soaking procedure may not be 
desirable because of the length of 
time involved. Only when control 
tests are questioned would « soaking 
period be resorted to. Much time 
is required in any event to conduct 
accurately the clay and fineness test 
and short cuts will only lead to unre- 
liability and uncertainty. 

Table 2 shows the difference be- 
tween the percentages of the dupli- 
cate A.F.A. clay determination for 
the 18 carloads of Table 1. From a 
quantitative and a statistical view- 
point, the potassium oxalate and tap 
water was superior to sodium hy- 
droxide and distilled water as an 
electrolyte. For the 18 carloads of 
sand tested the difference between 
duplicate tests in per cent A.F.A. 
clay, using potassium oxalate and 
tap water was 0.08 per cent whereas 
for sodium hydroxide and distilled 
water it was 0.165 per cent. 

Removal of the suspended clay 


using an automatic clay washer re- 
quired from 40 min. to 2 hr. when 
sodium hydroxide and tap water 
was used. The potassium oxalate 
with tap water appeared to keep 
the clay in better suspension and 
comparative tests for washing times 
were made. 

Following are results for two or 
more tests upon each sand washed 
using the continuous washer. 


COMPARATIVE SAND WASHING TEST 


RESULTS 
A.F.A. 

Content, Potassium oxalate Sodium hydroxide 
per cent with tap water with tap water 
4.0 25 over 40 
1.5 15 over 40 
2.4 20 over 40 
5.0 25 over 120 


In addition to saving time a more 
thorough sand washing job was ob- 





Table 2 


DIFFERENCE BETWEE> 
DETERMINATIONS IN 
A.F.A. Clay For Ea 
LYTE USED FOR TH: 

Cars REPORTED IN 


Elect 

Sodium Sodiu 

Hydroxide Oxa 

Car and Dis- and 7 
N tilled Water War 

l lo 2 

2 46 

3 05 | 

} .07 l 
5 45 Lt 

6 08 l 
7 21 15 

8 07 U 
Q 16 10 
10 Ub U5 
11 O04 U2 
12 i] 2b 
13 05 OY 
14 24 OU 
15 11 04 
16 13 OO 
17 .06 04 
18 .10 8 
Aver. .165 112 











tained using potassium oxalat 


the particular 


Reproducibility of finene: 


tap water used 


sults. The first investigation 


made 


and stored in paper bags for 


) 


by placing 250 pounds « 
washed and dried sand in 
and dry mixing for 20 min 
10-15 lb. increments were 


} Y 
a ill 


toot 


testing. When an increment 
used it was placed 


mixer and mixed for two min 
1 50 gram test sample was remo\ 
by spcon for the fineness determi 


« 


tion. Table 3 gives the 


tests upon nine of the increments 


Visual observation of the dry m 


ing action of the grains 


| 


laborat n 
r 


mnaicatt 


results for 





U.S. Sieve 

No 20 30 40 50 

l 160 44.16 39.02 
2 1.62 44.54 39.22 
3 1.52 43.10 38.90 
4 1.54 44.32 38.62 
5 1.70 46.82 38.96 
6 1.54 43.62 38.40 
7 1.60 41.74 38.10 
8 1.56 41.64 38.66 
9 1.40 39.30 38.12 


Table 3 


70 
11.10 
10.84 
11.32 
10.88 

9.56 
11.22 
11.92 
12.00 
13.38 


100 140 — 200 270 =Par 
3.42 56 .08 .04 04 
3.24 52 06 02 .02 
3.92 88 .14 .04 .06 
3.58 72 .14 04 .04 
2.42 34 06 .02 .02 
4.12 1.00 .06 .08 .08 
4.48 1.38 .38 .16 .28 
426 1.10 .26 .12 .20 
5.32 1.68 .44 .18 .26 


Steve ANALYsIS OF NINE INCREMENTS FROM ONE 250-LB. SAMPLE 
WASHED AND Drigep SAND, MIxEpD Dry For 20 ieee 
GIVEN ARE THE PERCENTAGES RETAINED ON VARIOUS SCREENS 








OF 


AMOUNTS 
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Table 5 


2ISON BETWEEN WET AND 


| ¢ 

| Dr {rxxInG MeEtTHops LISTING 

I Ra BETWEEN HiGH AND Low 

/\var es FOR Eacuh ScREEN FOR 

ALL INCREMENTS 

| Dry Wet 

ey Mixing Mixing 

30 0.34 

7.52 2.15 

1.12 0.75 
3.82 1.58 
2.90 0.71 
1.34 0.14 
0.38 .03 
0.16 01 
0.26 





4.6 





GIVEN REPRESENT Per CEN1 


U.S 
Sieve 


Car 1 08 2.66 30.08 ; 


5 
06 2.50 28.92 329.72 14 
Car 2 10 3.05 30.90 3295 13 
10 5 J4 13.41 13.28 13 
Car 3 09 9 52 OO 10.75 ] 


UY 3.28 51.40 1.10 14 


Car 4 O04 3.22 30.18 33.88 14 
os 343 32.6 Si.7o 


Car 5 10 313 30.03 32.59 14 





Table 6 
SIEVE ANALYSIS Mape tN DupticaTe ror Eacu or Six Cars. Ficures 
RETAINED ON VARIOUS SCREENS 


No 20 3) 4) ry) 70 





4.F.A 
Fineness 
100 10 Mel i 270 Pan Ne 
8 32 5.96 l 94 74 8H 49 5 
9 56 6.76 9 36 86 1.00 51.8 


8.357 5.32 2:01 80 76 $8.7 
].74 +54 1.80 69 54 $5 
8.61 558 2.16 70 49 $8.2 
8.75 3.38% 2.15 70 +0 48.1 


8.64 4.92 | } 64 6? 47.9 
8.42 +38 1.63 56 +0) 47.4 


8.30 5.68 2.97 75 63 49 











r xing action was not as thor- 
wh as desired and the differences 
n increments as shown in 
lable 3 were not surprising. 
in attempt to improve the pro- 
edure another 250 Ib. of the same 
sand was placed in a large mixer 
long with sufficient water to give a 
isture content of 0.75 per cent. 
Mixing time was ten min. Again 
increments were removed and 
ach increment was quartered down 
a rifle type splitter to deter- 
inate size after mixing. The de- 
rmination sample size was what- 
ever remained in the splitter box 
iter the last quartering. The sam- 
weights varied from 40 to 70 
grams. Table 4 gives the results for 


this set of tests. 


Wet Mixing Aids Reproducibility 
Comparison of the results of Tabls 
with Table 4 will show that the 
reproducibility was decidedly im- 
roved when the sands were wet 
uxed. Table 5 shows a comparison 


between the wet and dry mixing 
methods by listing the range between 
the high and low values for each 
sieve. For example, from Table 3 
for the number 40 sieve the data 
shows for increment 5, that 46.82 
per cent sand was retained, this be- 
ing the high value, and for incre 
ment 9, 39.30 per cent sand was 
retained, this being the low value 
The range is then 7.52 per cent 
Table 5 is constructed to show the 
values of range. are much more 
quantitative for the wet mixing than 
for dry mixing. 

Six carloads of sand were sampled 
and each gross sample was mixed 
and quartered down to determina 
tion size in accordance with the 
Standard A.F.A. procedure. The re- 
sults of duplicate determination are 
given in Table 6. 

The data of Table 6 was not sat- 
isfactory from the quantitative view 
point when compared with previous 
data from the wet mixing of clay 
free sand. 





20 90 40 50 

2.32 41.10 36.40 
; 2.17 40.30 36.00 

2.19 40.80 - 36.40 
+ . 2.02 41.15 36.65 
s) . 2.08 41.95 36.40 
6 = 2.18 42.45 35.90 
7 2.13 41.60 36.40 
. 2.28 41.05 36.40 
} 2.36 41.98 36.61 





12.80 


13.05 


12.25 5.37 
12.80 5.32 


12.30 4.98 


Table 4 
SIEVE ANALYSIS OF NINE INCREMENTS FROM ONE 250-Ls. SAMPLE OF 
WaSHED AND Driep SAND MIxep witH Water FOR TEN MINUTES. 
(mounts Given ARE PeRcENTAGES RETAINED ON THE VARIOUS SCREENS 


A.F.A 

Fine ness 
70 100 140) =—2200 270 =Pan lo 
5.24 1.40 .22 .05 .03 39.5 
13.60 5.69 54 ; 006 .03 39.9 
61 54 4 06 .03 39.8 


05 .03 39.7 
05 .05 39.5 
05 03 39.4 
O28 2 39.5 
05 .03 39.4 
05 .03 39.4 


wow 


rm 


l 

I 

75 Pia 

25 5.03 1 
02 5.00 1.44 
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ss 
~ 

Nh ND Ph PO 
nm 


we 
nD > 
nD WH 
ww Ww = 


nme & 











Better quantitative duplicate de- 
terminations were obtained from 18 
carloads of sand when the following 
procedure was followed The gross 
samples weighing 80 to 90 Ib. were 
placed in a mixer of sufficient capac- 
ity after taking the sample. The 
sample was mixed for ten min. and 
then as the mixing continued small 
increments of sand were removed 
until 15 lb. were accumulated. The 
sand remaining in the mixer was 
discarded. The 15 lb. of sand was 
immediately quartered down to de- 
termination size by means of a rif- 
fle-type splitter. Sands containing 
up to four per cent moisture pre- 
sented no problem in quartering 
After the last splitting all sand re- 
maining in the splitter box was used 
for the determination. Table 7 
gives the results of duplicate fine- 
ness determinations for the 18 car- 
loads of sand. 


Conclusion 

A satisfactory electrolyte for use 
in performing the A.F.A. Clay and 
Fineness Tests is one consisting of 
25 ml. of one per cent potassiurn 
oxalate and 475 ml. of tap water 
Pilot tests using various electrolytes 
and various concentrations were 
made before selecting the proper 
electrolyte. When using an auto 
matic clay washing apparatus the 
chosen electrolyte produced more 
effective sand washing in shorter 
time with the materials used. 

Quantitative duplicate determina- 
tions were achieved for the fineness 
test by a simple procedure of mixing 
the gross sample before drying, im- 
mediately quartering to determina- 
tion size and using all the sand re- 
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Table 


SrEvVE ANALYSIS MADE IN DUPLICATE 


ON VARIOUS 


U.S 
Sieve 
No 20 $0 40 0 0 
Car | 14 6.57 18.78 6.40 11.97 
20 6.67 38.72 26.40 11.92 
Car 2 23. 7.09 37.58 27.58 13.50 
17 6.76 $7.85 27.95 13.10 
Car 3 12 5.44 53.70 28.92 15.40 
13 5.86 1.15 28.95 14.91 


Car 4 17 5.25 34.78 27.90 14.21 
17 1.56 34.00 28.35 14.00 

Car 5 12 6.09 35.49 28 
21 2 

2 5.37 35.62 30.05 14.20 
05 29.80 13.72 


“sir 
uw 
= 
o 
wo 
~ 


Car 7 08 2.84 24.39 30.55 19.09 
2.84 24.60 31.20 18.88 


Car 8 12 4.56 30.30 29.75 16.40 
17 4.60 30.30 29.98 16.35 
Car 9 10 4.36 30.90 32.40 16.55 
10 4.37 30.50 32.85 16.48 


18 5.18 34.05 30.15 14.5 
33.90 29.60 14.2 


ho 
uw 
~ 
te 


Car 11 .09 5.33 34.95 28.45 14.40 
4 3 34.70 28.60 14.32 

Car 12 .11 4.97 32.90 30.48 15.45 
08 5.12 33.35 30.50 15.13 

Car 13 .14 6.18 33.50 27.75 15.24 
9 6.14 33.35 27.90 15.10 


5.68 33.20 29.00 1 
5.55 33.25 29.00 15.58 


= 
= 
_ 
— 
a 


Car 15 .13 5.33 34.35 28.80 14.41 

: 28.80 14.50 

Car 16 .15 4.97 33.45 29.40 1 
10 5.26 33.40 29.80 14.40 


_ 
~ 
7) 
uw 
o~ 
~ 
~ 
_ 
~ 
uw 


Car 17 .18 5.95 37.35 28.60 12.95 
12 6.04 37.50 28.90 12.95 

Car 18 5.01 33.40 27.75 14.48 
5.13 3.35 28.20 13.95 





Figures GIvEN REPRESENT PER CENT OF SAND RETAINED 


FOR Eacu oF 18 Cars or SAND. 


ScREENS 

A.F.A 

Finene 
100 140 200 270 Pan No 
6.96 4.41 180 .61 59 45.1 
6.98 $.45 1.82 63 61 $5.2 
74> Sar %$Cti7 A 52 $3.5 
7.22 3.16 1.19 +9 53 $3.6 
9.26 3.86 1.30 58 58 $5.9 
8.73 3.62 1.37 +9 61 $5.5 
8.57 4.12 1.61 63 80 48.0 
8.47 4.05 1.66 .63 .76 47.9 
8.71 $40 1.18 59 53 44.8 
8.77 3.35 1.18 54 53 44.9 


7.96 3.07 1.02 92 2 
8.09 3.00 1.02 .51  .50 43.8 


— 
o) 
. 
& 
“I 


12.00 4.17 1.09 47 . 
11.68 4.16 1.08 18 6.60 48.5 


10.25 4.03 1.23 53 =.56 46.8 


9.85 3.94 1.20 3S 583 46.5 
8.82 2.92 89 50 50 45.1 
8.87 2.94 .87 +9 51 35.1 
8.46 3.62 1.33 52 6 45.4 
8.22 3.60 1.32 55 8 45.3 
8.40 5.61 1 Si 63 66 5.6 
8.44 3.58 1.21 bb 63 5.5 
8.60 3.16 1.06 57 .54 45.3 
8.38 3.12 1.06 6 =.5] 45.0 


9.18 3.72 1.21 .55 .54 45.4 
74 5345 


9.38 3. Lis 2S a 0.3 
$83 3.26 101 55 351 45.1 
8.80 3.24 1.04 .53 .5 44.9 


8.61 3.61 1.28 .59 .60 45.6 
8.59 3.54 1.24 59 .62 45.6 
$.57 3.72 135 @ 6 45.9 
8.45 3.70 1.34. .57 .57 45.9 
7.14 3.15 1.26 51 .45 43.9 
7.09 3.18 1.26 5 45 43.8 
8.77 4.72 1.94 73 78 48.0 
8.65 4.75 1.81 76 80 48.0 








maining in the splitter box after the 
last splitting. 
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DISCUSSION 


Chairman: B. H. Booru, Carpenter 
Bros., Inc., Milwaukee, Wis. 

Co-Chairman: R. E. Morey, Naval 
Research Laboratory, Washington, D. C. 

J. L. Haw’: Did Table 1 show that 
with sodium hydroxide and distilled 
water you. got approximately twice the 
amount of clay? 

Mr. Wittiams: No, it showed the 
difference between duplicate determina- 


tions, not the total per: 

Dr. Hatt: What w 
of clay in the samples? 

Mr. WituiAMs: It w 
+ per cent. The pape: 
actual percentages of c| 
out the difference betw 
determinations. 

Dr. Hartt: Then, iy 
your locality, you feel tl 
potassium oxalate and tay 
ter than the standard 
sodium hydroxide? 5 

Mr. WILLIAMS: Yes 

O. J. Myers*: How 


> 


oxalate did you use 

Mr. WituiAMs: I 
one per cent solution. | 
other concentrations befor: 
that one. If you use too 
little, it does not work 
seems to be a point at 
best results. 

Mr. Myers: Would not 
in Table 7 be a function of 
of sand obtained in the scr 
the method by which you 
results? 

Mr. WituiAMs: The am 
on the screen in this case \ d 
bit over the 18 carloads ry 
fineness number ran_ betwee: 
Duplicate checks obtained 
ing the clay by the wet mixir 
are close. 

Mr. Myers: The 70 mes! 
one case showed over 70 per cent y 
tion and in another case 8 pet 
Did you have more sand on the 
screen in all cases and does tl 
for the larger variation? 

Mr. WituiaAMs: No. In mar 
the 40 and 50 mesh screens had 
sand on them than the 70 mesh scr 

G. F. Watson*: Why did 
the potassium oxalate? 

Mr. WitiiamMs: It was necess 
find something that would work with t 
tap water in the particular localit 
I was making these tests. 

Mr. Watson: We used sodiu 
phosphate, which we found ver 
tive, with some of the clays we test 
Sodium hydroxide was ineffective, 
sodium pyrophosphate worked wit! 
clays. Did you try that? 

Mr. WituiaMs: No. There may! 
been something else that worked as w 
but sodium hydroxide would not wor 
with tap water. There is a host of el 
trolytes you could try. In addition to t! 
oxalates, you could try the silicates 
the phosphates. Even though all of t! 
electrolytes have the sodium ion, 
might find that potassium or magnes 
salts would give much better results 
pending entirely upon the tap wat 
your locality. 

Dr. H. Ries‘: I would like t 
Mr. Watson if he is using tap wate! 

Mr. Watson: We are using 
water for part of our work 
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LIAMS 
Are you using distilled 


son: That ts right. 


DietrertT’: Do I understand 
s correctly that an automat 


was used in this test? 


IAMS: Yes 
erT: Was it satisfactory? 


LIAMS: It was in this par- 

There are three prongs that 
to the jar of the rapid stirrer 
three brass strips, about 3¥2 
length, down to the bottom 
You will find ability 
clay from sand grains is mark- 
oved. I had that done in two 
ses, and it works satisfactorily 


ree rods 


case where the clay content 
d by just putting the baffles 


Mr. Dieter 
long were these strips 
Mr. WILLIAMS Wide 


can still get the stirrer down there and 


How wide and how 


enough so you 


leave a little room for the water going 
around The length depends on how 
much work you want to put into it. I 
would Say around 
MEMBER You 
each lee was attached 


Mr. WILLiaMs It is a long strip 


You just soldier or braze onto the ver 


bottom ol 


tical rods This rod bends at the bot 
tom slightly You can follow the bend 

Mr WATSON We have had those 
When 
we hirst started out, we could not eet 
along without them at all We used a 


strip about '% in. wide I imagine it is 


strips on for about six years now 


about 4 to 5 in. long. It prevents that 


funnel-like effect Vhe strips give better 


731 


washing and reduce the time of washing 
immeasurably 

J. A. RAsSSENFOSsS 
baffiles are described completely in a re 
port by the Bureau of Standards in their 
Journal of Research The proc edure for 


Specifications tor 


the use of rapid washer of the type simi 
lar to a malted milk mixer, as first de 
veloped by the Bureau of Standards, is 
completely reported in this literature 
You can purchase on the market cups 
for a malted milk stirrer, equipped with 
soldered-in baffles that meet the specihca 
tions given in this paper. Of course, you 
can use the same idea for dimensions 
and materials for other types of washers 
n which the stirring unit is used 

Mr. WILLIAMS Mr. Rassenfoss is 
familiar with the work that I have just 
described. We used the type of stir and 
baffles that he has just described to you 





























CONDITIONS OF FLOW 


IN 


BRONZE CASTINGS 





J. T. Robertson 
and 
R. G. Hardy 


Naval Research Laboratory 
Washington, D. C. 


It IS GENERALLY UNDERSTOOD 
that the design of the gate exerts 
a fundamental influence on the 
quality of the cast metal. The clean- 
ness of the metal, proper directional 
solidification in the casting, and eco- 
nomical removal of the gate necessi- 
tate careful design of the gate and 
the location of the runners leading 
to the casting. 

Much has been published in an 
effort to establish the general prin- 
ciples of good gating practice for 
various metals. Certain techniques 
have come to be accepted as being 
generally applicable to a particular 
type of casting or to a specific alloy 
but, in general, each casting is an 
individual problem. 

This investigation was a study of 
the physical condition of some 
bronze alloys flowing in commonly 
used gating systems. The purpose 
of the work was to find the effect 
of various foundry conditions on the 
behavior of flowing bronze, and to 
establish some fundamental princi- 
ples which could be applied to cop- 
per-base alloys in any type of gating 
system. 

Review of Previous Work. A 
properly designed gate should intro- 





Presented at a Brass and Bronze Ses- 
sion of the Fiftieth Annual Meeting, 
American Foundrymen’s Association, at 
Cleveland, May 8, 1946. The statements 
and opinions expressed in the paper are 
those of the authors and do not neces- 
sarily reflect the views of the Navy De- 
partment. 


duce metal into the mold in such a 
way that: (a) proper directional 
solidification may be obtained, (b) 
the gate may be easily removed, and 
(c) the casting will be free from 
dross. This investigation is mainly 
concerned with the third require- 
ment, that is, gating to prevent 
dross in castings. Dross arises from 
two sources; dross on surface of the 
metal in the crucible carried 
through to the casting, and dross 
formed by turbulent flow of the 
metal within the mold. 

Several methods have been rec- 
ommended for removal of dross be- 
fore the metal reaches the mold cav- 
ity. Higgins’, Lehman’, and Crown’, 
have discussed the importance of 
pouring basins. Dross from the cru- 
cible should float on the surface of 
a reservoir of the metal in a prop- 
erly designed pouring basin, and 





Some factors influenc- 

ing laminar and turbu- 
lent flow in bronze castings 
have been investigated 
with gun metal, manganese 
bronze and aluminum 
bronze. The diameter of 
the gate was one of the 
most important factors 
governing the linear ve- 
locity of the molten metal. 
Laminar flow produced the 
best mechanical proper- 
ties, surface conditions and 
fracture of aluminum 
bronze. Laminar flow also 
was beneficial to manga- 
nese bronze, but had little 
influence on mechanical 
properties, surface or frac- 
ture of gun metal. 











only clean metal should enter th 
gate below. The pouring basin mys) 
be kept full, and the pouring streay 
directed so that metal does not flow 
directly down the sprue, but pr 
mains in the pouring basin long 
enough for the dross to rise to the 
surface. 

Various types of gates have been 
designed to trap dross in the gating 
system and thereby prevent it from 
entering the casting. Higgins 
Crown‘, Hensel®, and Roberts® rec- 
ommended that a strainer gate con 
sisting of a sand wafer core contain 
ing numerous small holes be placed 
across the ingate or downgat 
hold back the dross. 

Other types of gates for retaining 
dross include one with a dead end 
to receive the first dirty metal’, 
small dummy skim riser before : 
constriction so designed that dros: 
will float up into it®, and a “swirl” 
gate which utilizes the centrifuga 
force of swirling metal to permit 
only clean metal to continue to the 
casting. 

Even though the metal flowing 
through a gate is clean, dross maj 
be produced wheri the metal leaves 
the gate and enters the mold cav- 
ity. This is especially true of alum- 
inum bronze. 

In the casting of some alloys th 
metal is poured directly into th 
riser in order to help promote 
rectional solidification » ©” “ 
However, most proponents of ¢: 
rect riser pouring agree that this 
cannot be done with a drossy meta! 
such as aluminum bronze because 
of the creation of dross by the 
splashing of the metal as it reaches 
the bottom of the mold. For this 
reason, most foundryn recom: 
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TURBULENT MOTION OF LIQUID PARTICLES 


VMAX. = VELOCITY OF FLOW 
VM = AVERAGE VELOCITY. 
VW = 


VELOCITY OF FLOW NEAR MOLD WALL. 
DA = DIAMETER OF FLOW CHANNEL. 
| = INNER FLOW DIAMETER. 
STATIONARY 


-Diagram showing streamline and turbulent flow condit.ons. 
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gating for alloys 


3, 4, 5, 9, 11, 12 


mend bottom 
which form dross 

Even when a casting is bottom 
gated and the metal does not splash 
upon cores or projections of the 
mold, dross still may be produced ‘if 
the metal is in a turbulent condi- 
tion. Reversed horn gates are use- 
ful for preventing such turbulence 

The horn gates should be used 

1 the “reversed” position, that is, 
the large end of the horn gates 
should be adjacent to the casting. If 
the gate is used with the small end 
next to the casting, the jet caused 
by this constriction produces severe 
turbulence. 

Lipps'® and Ruff'* explain how 
turbulence produces dross (Fig. 1). 
steea amline flow is characterized by 
all of the particles of the fluid mov- 
ing in a straight line in the direc- 
ton of flow. Turbulent flow is char- 
acterized by motion back and forth 



















transverse to the axis of the stream. 
This turbulent flow results in new 
metal always coming to the surface 
of the stream, oxidizing and form- 
ing dross. In streamline flow, the 
same metal is always at the sur- 
face so that orily a thin oxide layer 
is formed and relatively little dross 
is produced. 

It is sometimes possible to calcu- 
late whether turbulent flow or 
streamline flow is taking place as a 
fluid flows through a circular chan- 
nel when the velocity of the fluid, 
its viscosity and the diameter of the 
channel are known. According to 
Reynolds’ formula: 





_DVP 
c — 
u 
where 
D = diameter of channel in ft. 


V =velocity of fluid in ft./sec. 

P = density of fluid, lb./ft.’ 

u = viscosity of fluid in lb./sec. ft. 
Re = Reynolds’ Number. 






A fundamental relationship has 
been established between the Reyn- 
olds’ number and the friction fac- 
tor (calculated from pressure drop 
due to friction) for fluids flowing 
through pipes’’. The abrupt change 
in the slope of the curve at Reyn- 
olds’ numbers of approximately 
2,000 to 4,000 is the result of fun- 
damental differences in the nature 
of flow above and below this re- 
gion. Applying this relationship to 
the present problem, it may be sur- 
mised that if Re is less than 2,000 
the flow should be streamlined, as- 
suming that molten metals behave 
as do other fluids"’ 

If conditions are such that Re is 
greater than 2,000, then flow may 
be turbulent. The viscosities of some 
copper-tin alloys have been meas- 
ured'® and found to be within the 
range for which the foregoing data 
were obtained. If the velocity of 
the copper-tin alloy in the gate is 
known, then the diameter of gate 
which will produce streamline flow 
can be calculated. 


Velocity Measurement 

Although the importance of the 
rate of pouring has been recognized, 
few investigators actually have made 
measurements of the velocity of 
molten metal in sand molds. It 
usually has been assumed that for- 
mulas for flow of water in pipes may 
be applied to the flow of metals in 
molds. The following formula is 
often quoted: 

V=Kv2gh 
in which 

V = velocity of efflux in ft./se« 

g = acceleration of gravity 32 

ft./sec./sec. 

h = height of reservoir in ft 

K = a constant 

Dwyer’® offers a formula for cal- 
culating the length of time neces- 
sary to fill a mold. It is not evident 
whether this formula was derived 
from theoretical considerations or 
empirical observations. Benkoe’* 
presents a theoretical formula for 
the velocity of aluminum in gates. 

Ruff" actually measured the ve- 
locity of cast iron under foundry con- 
ditions. However, he used a down- 
gate of large cross section with an 
ingate of small cross section. This 
probably resulted in higher velocities 
than would have been found if the 
ingate and downgate had been of 
the same cross section. He found 
velocities of about 7 ft./sec. 


About 50 measurements were 
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made of the velocity of molten 
bronze flowing through gates of 
varying diameter, height and length. 
Other variables studied were the 
moisture content of the sand, pour- 
ing temperature and pouring time. 
The metals used for these experi- 
ments were gun metal, manganese 
bronze, and aluminum bronze. Sev- 
eral flat plates cast of these three 
metals under varying conditions of 
flow were examined for surface con- 
dition, and the mechanical proper- 
ties were determined. 

Melting Practice. High quality 
virgin metals and ingots of known 
composition were -melted in clay- 
graphite crucibles in a 200-Ib. ca- 
pacity lift-coil induction furnace. 
Temperature was measured by 
means of bare wire chromel-alumel 
thermocouples with a standardized 
Leeds and Northrup millivoltmeter. 
This pyrometer had a time lag of 
about 5 sec. and was accurate to 
£11° C, (+20° F.) at the pouring 
temperature of bronze. The melting 
procedures for the gun metal, man- 
ganese bronze and aluminum bronze 
are summarized in Table 1, and 
typical chemical compositions are 
given in Table 2. 

Velocity Measurements. The data 
necessary for calculating the velocity 
were obtained by pouring a definite 
weight of metal through a specially 
designed mold in a known time. 
This mold was fitted with a pouring 
basin designed to maintain a con- 
stant liquid metal level, and was ar- 
ranged so that the metal issuing 
from the ingate always fell below 
the lower level of the gating system 
in order to prevent back pressure 
(Fig. 2). 

Molds were made of No. 2 AIl- 
bany sand, and the pouring basins 
of dry core sand. The outlet from 
the pouring basin was of the same 
diameter as the gating system with 
which it was used. 

Metal was poured into the side of 
the pouring basin until the metal 
level was '-in. from the top, and 
was maintained at this level by con- 
stant pouring from the crucible for 
the duration of the test. The plug 
was removed from the opening in 
the basin when the desired metal 
level was reached, and as soon as 
metal began to issue from the gate a 
stop watch was started. 

The metal was allowed to flow 
for about 10 sec. The plug was 
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Table 1 
MELTING PRACTICE 
Gun Metal Manganese Bronze Alum 
Crucible Clay-Graphite Clay-Graphite Clay-G: 
Furnace High Frequency High Frequency High F; 
Induction Induction Inductic 
Melting Log: 
Copper Melted under char- Melted under char- Melted = 
coal, deoxidized coal, deoxidized coal, de« i 
with 1 oz. 15% P- with 1 oz. of Al/ with | « 4] 
Cu/100 Ib. 100 Ib. 100 Ib 
50-50 Fe-Al — 2300° F (1260° C) 2300° F r 
50-50 Cu-Mn —— 2200° F (1200° C) 
Sn 2060° F (1125°C) 2010° F (1100° C) 
Al — — 2100° F (1150°C 
Zn 2010° F (1100°C) 2010° F (1100° C) 
Pouring Temp. 2060° F (1125°C) 1800° F (980°C) 2010° F (1100°¢ 
Table 2 
CHEMICAL COMPOSITIONS 
(mma tee mestion: fer cont 
Heat No. Cu Sn Zn Al Fe Mn 
ee 87.53 9.24 3.01 
G23 . 87.84 8.14 3.98 
er ...-. 87.26 9.71 3.03 
G32 . 57.92 0.60 39.06 0.86 1.00 0.56 








then replaced in the basin to pre- 
vent further flow; simultaneously, 
the watch was stopped. After the 
block of metal thus obtained had 
solidified, it was weighed and the 
volume velocity of the pouring cal- 
culated from the measured data; the 
volume velocity was then converted 
to linear velocity. 

With the foregoing standardized 
procedures of melting and casting, 
the variables influencing the rate of 
flow were investigated, principally 
with gun metal. Emphasis was 
placed on geometrical factors such 
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as the diameter (D), height (H 
and length (L) of the gate (Fig. 2 
because it was believed that thes 
factors would have the most influ- 
ence on velocity. 

Other factors such as the moisture 
content of sand, pouring tempera- 
ture, and pouring time were investi- 
gated primarily to determine their 
effect on the errors of measurement 
of the velocity. The velocity meas- 
urements with the various factors 
under investigation are listed in 
Table 3. Heats of manganese bronze 
and aluminum bronze were included 


anise, 
g METAL Lever (| TF 
* 









Fig. 2—Cross-sectional draw- 
ing of mold used to determine 
velocity of composition “CG” 
metal through various gates 
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Table 3 


VeLocity OF Composition “G” Merat in Gates 
(88% Cu, 9% Zn, 3% Sn 


Pou a Po 4 
Gate Downgate Ingate Sand Te =. 7 eae 
Diam., in. Height, in. Length, in. (% H:O) °C ; 
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POURING TEMPERATURE, °C. 


i—Chart showing velocity of composition “G” metal vs. pouring tem- 
perature (11xY2-in. downgate, 4x'/2-in. ingate ). 


for comparison with the gun metal 

Mold Design. The design of the 
mold was given careful considera- 
tion and that shown in Fig. 2 
chosen because it fulfilled the fol- 


was 


lowing conditions: 

a. Permitted variations in the 
height, length, and diameter of 
gates. 

b. Prevented back pressure from 
metal in the mold from acting on 
the metal in the gate 

c. Utilized a pouring basin that 
provided a constant liquid level, and 
a means for starting and stopping 
flow of metal into the gating sys- 
tem. 

d. Provided a means of measuring 
the volume velocity (cu. in. per sec. 
from which the linear velocity (ft 
per sec.) could be calculated. 

e. Allowed comparisons to be 
made between measured velocities 
and those calculated by means of the 
formula V=Ky 2gh. 

Velocity Measurements. The ve- 
locity of composition “G” flowing 
through the gating system was but 
little affected by changes in pouring 
temperature, pouring time, or the 
water content of the sand (Table 3 
and Fig. 3). Varying the downgate 
and ingate lengths from 4 to 11 in 
had a negligible effect on the velocity 
of composition “G” (Figs. 4 and 5). 
Increasing the gate diameter from 
14-in. to one in. decreased the linear 
velocity from 2.5 ft. per sec. to 1.3 
ft. per sec. (Fig. 6) 


Downgate Affects Velocity 

The fact that the height of down- 
gate had a negligible effect on the 
velocity was unexpected, and con- 
trary to common theories and ex- 
periences with respect to fluids flow- 
ing through pipes under the influ- 
ence of gravity. Equations for the 
flow of liquid through an orifice in 
the bottom of a large reservoir show 
that: 

linear velocity K V 2gh 

g 32 ft. sec.’ (acceleration due to 

gravity 

h height of the pipe in ft. 

k a constant. 

Many formulas for predicting the 
rate of metal flow through gates are 
based on this equation ****'*, It 
was believed that one reason for the 
negligible effect of height of down- 
gate on velocity was that the liquid 
metal was running through a chan- 
nel having permeable walls, i.e., a 
sand mold, whereas the conditions 
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of the velocity equation assume a 
fluid running through a_ channel DIA. |DOWNGATE 
with impermeable walls. ® " 
— tent the gate diameter had the 3 Oo 4 6" © 
most pronounced effect of any of the a * oe g" % 
variables studied, the larger di- a 2. ° 
ameters resulting in lower linear ve- “ag r )) + 11° Oo 
locities (Fig. 6). From consideration 3" ‘ x 
of the friction involved and the sur- . oe . 4 . : ee 
face to volume ratios of large and Y @ ed 8" 
small gates, the opposite effect might = - @ 
have been expected had the dimen- bt © 77 4 ‘3 2 
sions of the downgate itself been the U @ i" 6" 
controlling factor. ° i+|@ 1" 8" 
Experimental Errors. In general, uJ @ i" 11" 
control of the variables mentioned > 
did not result in velocity changes 
greater than the experimental error. 
One source of error was variation l | | | l | | 
in the height of the metal in the 0 1 5 3 4 5 6 7 i 9 
pouring basin. An effort was made 
to maintain the level at one in. LENGTH OF INGATE ( INCHES ) ae 
above the top of the downgate. This == 
level varied about %-in. Another Ife 
source of error was the time meas- a 4, 0 I 
urement. An error of about -sec. | BA. [OCWNEATE " theore 
may have been made in timing the po Oo + 4" + DIA. a te 
insertion of the plug to stop the J a 6" g— —>— 10 
flow of metal. ” e : oO @ 2" re) agile 
Tarbalsnce of Ben. Thee: i. © + 9" g ry DIA obvi0t 
, urdodutence ¢ w. 1¢ eyn -o- a x a.) rv ope 
olds’ number has been taken as a c x + 4" whe 
criterion of turbulence, as previously eal ® 2 6" ® : . ieee 
explained. With the aid of this ex- > eo = 9" > 5 i" DIA. 2 nape 
pression and with a Reynolds’ num- 5 0 t oni 
ber of 2,000, the critical velocity of O1,- o i” a" ® , 
bronze has been calculated and is a @ 1" 6" Practi 
shown in Fig. 6 by curve 2. This is “a 
the limiting velocity for a given di- tif ll Th 
ameter of pipe, above which velocity | | | | | | “# | | | | ribe 
turbulence gradually sets in with any O 1 > 3 4 5 6 7 B 9 i0 i 
increase in velocity. HEIGHT OF DOWNGATE ¢ INCHES ) 
On the same graph, the actual or 
measured velocities are shown for 
various diameters of gate. The f 
Reynolds’ numbers for the actual kK 
conditions, with the respective gate 4ir 
diameters, are approximately ten 
times the Reynolds’ number for the 
critical velocity of flow. This means 
that the measured velocities were 3H 
nearly ten times higher than the ve- 
MEASURED 
VELOCITY 








Reading from top to bottom: 

Fig. 4—-Velocity of composi- 

tion “G” metal vs. length of 
ingate. 

Fig. 5—Velocity of compost- 
tion “G” metal vs. height of 
downgate. 

Fig. 6—Velocity of compost- 
tion “G” metal vs. diameter 
of gate. 
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Flat plates cast with gating systems employing Fie. 8 
“reversed” horn gates. 


the borderline of stream- 
turbulent flow. 


rve 1 is extrapolated to curve 


~ t is found that flow 


lly should be obtained with 


streamline 


diameters of 
1% in. and proper veloci- 
but these conditions 
bviously are impractical for found- 

peration. The second part of this 
ition concerns the practical 


approximately 


f flow, 


ficance of velocity of flow and 
methods 


trol by well-known 


Practical Use of Controlled Velocity 
of Pouring 


rl 


[he velocity measurements de- 


bed in the preceding section 












made it possible to predict the linear 
velocity of the three alloys flowing 
through the type of gate system used 
Fig. 2). Cal- 
culations of the Reynolds’ numbers 
of these that the 
metal always was flowing in a turbu- 
lent manner. 

Procedure. The effect of pouring 
under streamline and turbulent con- 
ditions on the dross-forming char- 


in this investigation 


systems showed 


acteristics was then investigated with 
aluminum bronze, manganese 
and gun metal. 
|x6x12-in. flat plates were cast with 


bronze. Several 
gating systems employing one, three, 
and five “reversed” horn gates and 
one “regular” horn gate (Figs. 7 and 
8). These systems included various 

















le 3m 


Fig. 9 (left) 








Fig. 10 (above) 


Gating systems employing “ret 


ersed” and “reg- 
ular” horn gates. 
combinations of exit diameter and 
metal velocity, which resulted in a 
wide range of Reynolds’ numbers 
Additional plates were then cast 
using a series of thin, flat, tapered 
gates which were expected to have 
the same dross-prevention properties 
as the five horn-gate systems with- 
out the inherent disadvantages of 
horn gates (Figs. 9 and 10). The 
plates were examined for surface de- 
fects and photographed (Figs. 7, 8, 
and 9). Tensile specimens were cut 
from the centers of the plates to 
show the effect of dross on mechani- 
cal properties (Table 4). 
As shown in Figs. 7, 8, and 9, the 
surface of the casting gives an in- 
dication of the drossiness of the met- 











Flat plate cast with thin, flat, tapered gate. 
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Sketch of gating system employed in casting 
flat plate (Fig. 9). 
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al. Highly dross-forming alloys such 
as aluminum bronze show more dross 
on the surface of the casting when 
the pouring is more turbulent. The 
difference in the appearance of the 
surface of aluminum bronze in Fig. 
7 is easily recognized when the 
turbulence of the metal was in- 
creased by using one horn gate in 
place of three horn gates. 


Gun Metal Different 

The situation is entirely different 
with gun metal because this is not a 
dross-forming alloy. As shown in 
Fig. 8, the velocity of pouring 
makes little difference in the surface 
of the casting of this metal. Even 
wien the metal was sprayed into 
the mold cavity through the single 
horn gate (small diameter adjacent 
to the casting) no dross occurred on 
the surface of the casting. 

The use of multiple horn gates 
to reduce the rate of metal entry 
into the mold cavity has many ob- 
vious disadvantages. This method 
was used only as a means to investi- 
gate the effect of rate of flow. It 
was found both empirically and by 
calculation for streamline flow that 
the product of the number of horn 
gates and their largest diameter (ad- 
jacent to casting) must be ten times 
the diameter of the downgate. 


Aluminum Bronze 

When this condition is satisfied, 
dross-free aluminum bronze may be 
poured with no dross formation on 
the surface of the casting. Fluted 
ingates of elliptical cross section may 
be used as shown on the aluminum 
bronze plate in Fig. 9 in order to 
produce a practically clear surface. 
The important part of the gating 
system is the point at which the 
metal enters the mold. At this point 
the flow of metal should be stream- 
line for the best quality of castings. 

Apparently, the turbulence at the 
constriction of the fluted ingate has 
little effect provided that the com- 
bined cross-sectional area is smaller 
than the cross-sectional area of the 
downgate and will permit the down- 
gate to remain full when the metal 
is poured. The use of fluted ingates 
of elliptical cross section designed ac- 
cording to principles of fluid flow 
was believed to afford the most 
practical means for obtaining 


streamline flow of dross-forming al- 
loys. 
Tensile specimens taken from the 
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Table 4 — 
MECHANICAL PROPERTIES OF PLATES Cast Witrn \ 
Pourep INTo Variep GATING SysTEMsS 
Yield Tensile 
Horn Gates, no. Ingate Diam.xN Strength, Strength 
Heat No. Regular Reversed Downgate Diam. psi.* ps 
G 25-1 l 0.02 8,500 37,500 
G 25-1A 0.03 27,750 70,000 
G 25-1IR l 2.6 26,500 82,000 
G 25-1IRA 1 2.6 25,000 51,000 
G 25-3R 3 4.0 24,000 70,500 q 
G 25-3RA 3 4.0 25,000 78,000 , 
G 25-5R 5 6.0 27,250 82,000 : 
G 25-5RA 5 6.0 27,750 81,750 
G 23-1 l 0.03 13,750 29,050 1f 
G 23-1A l 0.03 11,500 18,550 
G 23-5R 5 6.0 11,000 15,550 
G 23-5RA > 6.0 13,750 28,000 
G 34-IR 1 2.6 23,750 50,000 
G 34-IRA l 2.6 27,500 73,000 
G 34-3R 3 4.0 26,250 81,500 1g 
G 34-3RA 3 4.0 25,625 81,500 19 
G 34-5R 5 6.0 25,625 65,000 14 
G 34-5RA 5 6.0 26,000 66,000 10 
*0.5% offset 
aluminum-bronze plates showed with turbulent flow have mechanical 


wide variations in mechanical prop- 
erties (Table 4). The plate cast un- 
der predicted streamline-flow condi- 
tions had uniformly high properties, 
while the other plates showed de- 
creasing properties as well as an in- 
creasing scatter of results. Examina- 
tion of the fractures of faulty test 
bars showed the presence of oxide 
inclusions which were produced 
from the turbulent flow of the 
metal. 


Summary 

a. Height of downgate and length 
of ingate appear to have little ef- 
fect on the linear velocity of bronze 
in a gate of uniform cross section. 

b. Aluminum bronze and man- 
ganese bronze form dross when 
poured under turbulent conditions, 
but are dross-free when streamline 
flow is attained. 

c. Gun metal is less susceptible to 
dross formation than aluminum 
bronze or manganese bronze. 

d. Turbulence is decreased by 
making the diameter of the gate at 
the junction of the gate and the 
casting greater than the diameter of 
the downgate. 

e. Turbulence is reduced by using 
one or more tapered ingates, having 
the large end against the casting, 
and the total area of the small ends 
slightly less than the area of the 
downgate. 

f. Plates of aluminum bronze cast 


properties inferior to those cast un- 
der streamline conditions. 

g. Thin, flat, tapered ingates help 
promote directiona! solidification ir: 
aluminum bronze and manganes 
bronze. 

The results obtained in this in- 
vestigation and those reported else- 
where in the literature indicate that 
the following gating techniques ar 
fundamentally sound: 

A. For drossy metals (aluminum 
bronze, manganese bronz 

1. Use bottom gates wherever pos- 
sible. 

2. Take precautions in the use of 
horn gates so that the section siz 
of the horn, gate will not be larg: 
compared to the section size of the 
gated portion of the casting 

3. Gate thin sections by using 
thin, flat, tapered gates which im- 
part all the advantages of horn gat- 
ing without its harmful effect on 
feeding. 

4. Keep the gating system full at 
all times. In a full gate dross will 
be retained by adhering to the point 
where it is formed. Care must b 
taken to avoid pouring dross into 
the gate from the crucible. If the 
gate is kept full, and no cross 
added from the crucible, the use o! 
dross sumps may be eliminated 

5. Use pouring basins where pos 
sible. These should be so designed 
that the metal is not poured direct- 
ly into the downgate fror > cru- 
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cibl into a reservoir offset from 


° Fo nondrossy metals (tin 

|. | rect riser pouring is permis- 
wided that care is taken to 
avoid -xcessive splashing or cutting 
of the sand. 
Cc. G neral Recommendations 

|. ‘Various portions of the cast- 
ing should be so arranged that they 
are connected with a rising channel 
of increasing cross section.”® 

2. Gates should be placed to pro- 
mote directional solidification and 
should be easy to remove. 


sible 
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DISCUSSION 


Chairman: D. Frank O'Connor, 
American Saw Mill Machinery Co., 
Hackettstown, N. J. 

Co-Chairman: HermMan Situ, Fed- 
erated Metals Div., American Smelting 
& Refining Co., Pittsburgh. 

Member: For the benefit of those who 
might want to apply this data to prac- 
tical problems in designing gates, the 
author spoke of the viscosity of molten 
metal in Reynolds’ number. Would you 
assume it is constant for the various types 
of brasses and bronzes or could that be 
determined? 

Mr. Harpy: Some work has been done 
on the determination of viscosities of met- 
als, but the high temperatures involved 
make precise measurement difficult. The 
International Critical Tables” list viscosi- 
ties of several bronzes at several temper- 
atures and these are all of the same order 
of magnitude. Possible ways to measure 
viscosity include measurement of the 
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torque exerted upon a cylinder placed in 
a rotating crucible of metal, or measur- 
ing the damping effect on a pendulum 
swinging through a bath of metal. Clark, 
in his 1946 Exchange Paper with the 
IBF of England, lists a very good bibli- 
ography of various methods that have 
been tried. (See AmericAN Founpry- 
MAN, July, 1946, p. 44.) 

E. J. Dunn:* It is my understanding 
from what the author said that as you 
increase the diameter, the linear speed 
decreases. Now with constant heat and 
a constant source of metal such as you 
had, will you give an explanation of that? 
I had expected it to increase. 

Mr. Harpy: This puzzled us at first. 
We think that this anomolous result was 
due to the shape of the pouring basin, 
Fig. 2. We attempted to maintain one 
inch of metal above the gate. This was 
easily done with small diameter gates, 
but on larger diameter gates, at times a 
vortex formed over the down-gate so that 
the depth of metal there was less than 
one inch, so there was less pressure there 
to force the metal through the gate. I 
think that if we had used a deeper pour- 
ing basin this might not have happened. 

Mr. Dunn: Would you expect an in- 
crease then? 

Mr. Harpy: We expected an increase 
in linear velocity with large diameter 
gates, because for a given volume and 
weight of metal there is less surface on a 
large diameter. Therefore, there should 
be relatively less friction on large diam- 
eter gates. However, we found the re- 
verse to be true. 

Georce Da.sey:’ I would like to ask 
if the Reynolds’ number will be included 
in the final printing of the paper? 

Mr. Harpy: Most textbooks on hy- 
draulics show how to use Reynolds’ num- 
ber. Walker, Lewis, McAdams and Gilli- 
land” in the references at the end of this 
paper describe its use. 


4Chase Brass & ig Co., Cleveland. 
2U. S. Navy Yard, Mare Island, Calif. 
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REPORT OF A.F.A. COMMITTEE ON 


DIMENSIONAL 


STABILITY 


OF ALUMINUM CASTINGS 





Aluminum and Magnesium 
Division 
Casting Stability 
Committee 


MANY SOURCES HAVE REPORTED 
that they have encountered dimen- 
sional instability in castings which 
have been machined. This is par- 
ticularly troublesome to manufac- 
turers of precision equipment, 
gauges, instruments, or aircraft ac- 
cessories where dimensional accuracy 
must be maintained over a wide 
range of temperature such as from 

75 to +350° F. 

The difficulty does not merely lie 
in instability after the article is in 
use, change in dimension often 
occurs during machining or even 
during the drying of the paint used 
to coat the part. 

The instability referred to is not 
the normal change brought about by 
the temperature coefficient of expan- 
sion, but is a permanent change 
which remains after the part returns 
to room temperature. 


Causes of Instability 

Castings may change as much as 
0.001 in. per in., which may be far 
in excess of the required tolerance. 
Theories have been advanced to 
explain the cause of this instability 
and numerous suggestions made to 
overcome or avoid the difficulty. 

Dimensional instability of castings 
is believed to be due to three 
factors: 

1. Growth in volume. 


Presented at an Aluminum and Mag- 
nesium Session of the Fiftieth Annual 
Convention of the American Foundry- 
men’s Association at Cleveland, May 7, 
1946. 


2. Locked-up stresses due to cast- 
ing or quenching. 

3. Other contributing factors. 

Growth in V olume.—Some alumi- 
num alloys, particularly those con- 
taining appreciable amounts of 
silicon, will increase in volume on 
ageing at room temperature or at 
elevated temperature. This is called 
growth. 

This is aptly demonstrated by the 
experiences with pistons in earlier 
days. Cast pistons were found to 
seize after being in use a short time. 
It was found that to prevent this the 
pistons had to be “degrowthed” or 
stabilized by proper heat-treatment. 
When such heat - treatments were 
used the pistons no longer seized. 

In one investigation of stability, 
\4-in. diameter diecast aluminum 
test bars were used to study growth. 
The bars of two aluminum alloys 
containing silicon were heated for 
4 hr. at various temperatures. The 
changes in dimension are shown in 
Fig. 1 and 3. 

All of the growth in these graphs 
is attributed to volume increase due 
to precipitation. The growth for 
these 7.5 per cent silicon alloys 





8 Types of test methods and 
specimens for checking sta- 
bility are described and curves 
are given to show relative sta- 
bility of various aluminum alloys. 
Dimensional stability of alumi- 
num castings is of particular 
importance to makers of preci- 
sion equipment where dimen- 
tional accuracy must be main- 
tained over a wide range of 
temperature. 





reached a maximum of 0.010 +. 
0.0011 in. per in. when heated ¢ 
450° F. after casting. 

Since maximum growth occurred 
at 450° F., other sets of these bars 
were heated at 450° F. for various 
times up to 16 hr. In Fig. 2 and 4 
it can be seen that maximum growth 
was obtained within 4 hr. at 450° F 
accordingly, some manufacturers 
have used the practice of aging 
at 450° F. for 5 hr. to obtain sta- 
bility in castings. 

By referring to the graphs it can 
be seen that if alloys such as those 
represented in Fig. 1 and 3 are sub- 
jected to paint baking at around 
300° F., a growth of about 0.0005 
in. per in. will occur if the casting 
has had no prior heat-treatment 
Such a volume increase on finished 
machined parts may be grounds for 
rejection. 

Aging Treatment 

To avoid this from happening the 
part could be aged to its maximum 
growth at 450° F. before machining, 
in which case subsequent heat oper 
ations at temperatures lower than 
450° F. would cause no _ volum 
change. As far as is known thes 
growth curves are not reversible 

Alloys in the aluminum-zinc-mag- 
nesium series do not appear to be 
subject to such growth. Growth 
curves for two such alloys are shown 
in Fig. 5 and 6. From these curves 
it would appear that after any heat- 
ing up to 700° F., growth will be less 
than 0.0002 in. per in. For Fig 
and 6, %4-in. diameter sand cast test 
bars were used. 

A leading research laboratory al% 
tested the aluminum - zinc - magne 
sium alloy of the composition shown 
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temperatures, 4 hr. at temperature, followed by air cooling. Alu- 


minum alloy composition, per cent-—Si, 7.5; Cu, 0.11; Mg, 0.31; Fe, 1.3. 


in Fig. 5 for stability. Parabaloid 
and castings 30% in. in diameter 
nd 6% in. deep from mounting 
flange to top of rim of disc (Fig. 7) 
were Cast. 

The castings were aged for 10 hr. 
at 356° F. They were then machined 
and measurements were taken at 25 
circumferential positions on each 
casting. These castings were then 
subjected to high and low tempera- 
ture being brought back to room 
temperature after each exposure and 
as far as possible each castings was 
again measured in identically the 
same spots as for the previous meas- 
urements. 

Temperatures ranged from —40 
to +185° F. The average changes 
in dimension at each temperature 
are shown in Table 1. 

These data agree closely with the 
results shown in Fig. 5 indicating 
maximum dimensional change to be 





Table 1 
StasiLiry oF AL-ZN-Mc Sanp 
Castincs AFTER MACHINING 
AND ExposurRE To INDI- 
CATED TEMPERATURES 


Dimensional 
Exposure Temp., Change, 
Time, Hr, °F. in. per. in. 
1% —40 0.00013 
' —20 0.00013 
20% 0 0.00024 
24 +150 0.00007 7 
17% +170 0.00013 
2 +185 0.000077 


age of 25 readings each. 











in the region of 0.0002 in. per in. 


Figures 1 through 6 also show the 
effect of elevated temperature heat- 
treatments on the physical proper- 
ties of the alloys. In general it may 
be stated that ductility and impact 
properties are decreased by such 
heat-treatment. 


Locked-up Stresses 
Many cases of dimensional in- 
stability in aluminum castings have 
been found to be due to locked-up 
stresses within the castings. 
Locked-up casting stresses are like- 
ly to occur when progressive feeding 
throughout the whole length of the 
casting has not been accomplished 
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so that internal stresses are set up 
between sections of unequal thick- 
ness due to unbalanced contraction 
during solidification, or when the 
natural path of solid contraction is 
forcibly restricted as in sudden 
changes of direction. 

Locked-up stresses sometimes occur 
in the casting due to unequal cooling 
in quenching from the solution heat 
treatment. 

Locked-up stresses if held in check 
by a strong enough metal section 
may constitute regions of concen- 
trated tensile stress which will 
weaken the structure against shock 
or fatigue loads applied in the same 
direction as the stress. 

If the section is weakened by ma- 
chining or by heating to elevated 
temperature, the locked-up stresses 
are relieved and the part distorts out 
of shape. This distortion can occur 
during machining or while the cast- 
ing is in service, and is likely to 
destroy the desired alignment of the 
part or of an entire assembly. 


Stresses Minimized 

How to Remove or Minimize 
Locked-U p Stresses.—In cases where 
parts are subject to distortion during 
machining if used without previous 
heat-treatment having been applied, 
this is a good indication that locked- 
up stresses have been relieved by the 
machining operations. 

In such cases it has often been 
found that heat-treating at 450- 
700° F. will stress relieve castings to 
a point where distortion is reduced 
to a minimum. 


Fig. 2—Curve shows growth of sand-cast standard tensile test bars at 450° F. 
for length of time indicated, in hr., followed by air cooling. Aluminum alloy 
composition, per cent—Si, 7.5; Cu, 0.11; Mg, 0.31; Fe, 1.3. 
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There have also been cases where 
severe distortion occurred during 
machining as a result of locked-up 
quench stresses that occurred on 
rapid cooling from the solution heat- 
treat temperature. Such locked-up 
stresses can be minimized in three 
ways: 

1. The more drastic the quench- 
ing, that is the colder the quenching 
medium and the greater the tem- 
perature from which the casting is 
quenched, the greater the tendency 
to quenching stresses. Therefore, to 
lessen the degree of such locked-up 
stresses the quenching rate should 
be decreased by quenching in boiling 
water, air blast, or still air. 

2. Some castings are used in solu- 
tion heat-treated condition with no 
elevated temperature ageing. In such 
cases any locked-up quench stresses 
are not relieved. A conventional 
aging treatment at 300-400° F. will 
tend to stress relieve such castings. 
The higher the aging temperature 
the more complete the stress relief. 

3. Omit solution heat-treat and 
quench altogether by use of alloys 
that develop equivalent high strength 
without the necessity of heat-treat- 
ment or quench. Alloys such as 
those shown in Fig. 5 and 6 are in 
this category. 


Other Stress Factors 


Other Factors Contributing to 
Locked-U p Stresses——These miscel- 
laneous factors are grouped together 
since the preceding two classifica- 
tions represent by far the greater 
part of the difficulties usually en- 


Fig. 3. 
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Fig. 4—Curve shows growth of sand-cast standard tensile test bars ¢ 
450° F. for length of time indicated, in hr., followed by air cooling. Aly 
minum alloy composition, per cent—Cu, 3.4; Si, 7.4; Fe, 0.66; Me, <0n 


countered. There have, however, 
been cases where fabricating proc- 
esses have introduced locked - up 
stresses. 

When tool pressures during ma- 
chining are greater than the elastic 
limit of the cast section being ma- 
chined, machining stresses occur. 
Later these stresses will cause distor- 
tion of the casting. 


Support in Machining 


Lack of support during machining 
was found to be a great cause of 
such stresses. The remedy is to 
back-up castings sufficiently through- 
out the area to be machined. Tool 
friction must also be avoided since 
it may heat the metal and thus 


Curve shows growth of sand-cast standard tensile test bars at in- 


dicated temperatures, 4 hr. at temperature followed by air cooling. Alu- 
minum alloy composition, per cent—Cu, 3.4; Si, 7.4; Fe, 0.66; Mg, <0.03. 
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reduce its strength. Another help js 
to add chucking lugs or bosses + 
the castings. 


Plastic deformation resulting jn 
residual stresses may result from th 
straightening of castings which hav 
warped in quenching or sagged at 
high temperature. To counteract 
this the usual practice is to straighten 
castings right after quenching, befor 
the precipitation treatment, sinc 
the material is softest and most 
ductile then. The ensuing acceler- 
ated aging treatment then has a 
good chance to remove the resulting 
stresses. 


Small distortions after quenching 
can sometimes be remedied by heat 
ing the castings in boiling water and 
straightening them while hot 
Another solution to this problem is 
the use of non heat-treated alloys 
such as those shown in Fig. 5 and 6 


Paint Baking 


Sometimes it is found that paint 
baking at 300-350° F. will cause dis- 
tortion in the casting. It has been 
shown, however, that a_ properly 
stress relief annealed casting will not 
distort during paint baking. This 
annealing should be done at a tem- 
perature above that at which paint 
baking will be done. 

Welded castings should be cooled 
slowly if locked-up stresses are to be 
avoided. This can be accomplished 
by allowing the casting to cool down 
with the furnace, or by burying the 
casting in silica sand or some other 
material which will retard cooling, 
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cated temperatures, 4 hr. at temperature followed by air cooling. Aluminum 
alloy composition, per cent -Zn, 5.5; Mg, 0.5; Cr, 0.5; Ti, 0.2. 


or by building special insulated cool- the technic using SR4 gages and 
ing chambers for use after welding. careful cutting might be used suc- 
If stresses do remain after welding, cessfully to determine dimensional 
they can be relieved by stabilizing instability as the result of locked-up 
the casting as outlined in preceding stresses, it probably could not be 
sections. used to determine volume changes 


due to precipitation hardening or 
changes due to growth at elevated 
Measurements of Stability. — All temperatures because of the insta- 
foregoing information, with the ex- bility of the SR4 gages over a period 
ception of the data in Fig. 1 through of time. 
7 and Table 1, was compiled from 
the experiences of many engineers 
rather than from the experimental 
measurements. 


Stability Measurements 


It would appear therefore that the 
best specimen would be any intri- 
cate, thin section casting, and that 
great care should be used in meas- 

The reason for this is that opinions uring the residual stress. 
of test pieces and the results obtained 
show no great agreement. Also, the 
methods of measuring stresses may 
vary considerably. 


Recent tests using brittle lacquer 
to detect residual stresses gives 
promise of a new technic that may 


For example, there was excellent 
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be important in this field. The cast- 
ing can be coated with brittle 
lacquer and allowed to dry. When 
a small hole is then drilled in the 
casting through the lacquer coating, 
stress patterns develop around the 
hole and are retained as cracks in 
the brittle lacquer thus giving a vis- 
ible stress pattern. 

The type of pattern developed in- 
dicates the type of stress, tension or 
compression which is in the casting. 
By varying the lacquer composition 
it is possible to obtain coatings which 
will respond to different degrees of 
stress. Thus it may be possible to 
test both the type and amount of 
residual stresses by using these brittle 
lacquers. 

The tests described are all destruc- 
tive tests and cannot be used and 
still retain the castings for use. Non- 
destructive tests using X-ray diffrac- 
tion patterns have shown that resid- 
ual stresses can be found by this 
method. 

The perfection of this technic will 
,avoid many cases of castings with 
locked-up stresses being machined, 
thus either making it possible to 
stress relieve the parts or to avoid 
expensive machining costs on parts 
that would be dimensionally un- 
stable and would be out of align- 
ment after machining. 

Committee Personnel 

Personnel comprising the A. F. A. 
Casting Stability Committee of the 
Aluminum and Magnesium Division 
are as follows: H. Brown, Chair- 
man; D. Basch, E. J. Basch, C. E. 
Nelson and W. Sparrow. 


case of this sort which occurred with Fig. 6—Curve shows growth of sand-cast standard tensile test bars at indi- 
a magnesium castings. One experi- cated temperatures, 4 hr. at temperature followed by air cooling. Aluminum 
menter used SR4 strain gages and alloy composition, per cent—Zn, 3.6; Mg, 1.8; Mn, 0.2; Cr, 0.2; T1, 0.2. 


subdivision technic to test residual 


stresses. By use of a dentist drill and m 40, 
hacksaw for cutting the specimens x 50 
he found 4,000 psi. locked-up tensile ' ‘ 
stress. - 

B 
Strain Gages Used 

Other investigators repeated the 
test using the same type of gages 
but different cutting instruments, 0006 


and found zero to several thousand 
psi. compressive stress in the cast- 
ings. It was shown that the size of 
the cutting tool and the proximity of 
the cut to the gage both had large 
effects upon results due to the sensi- 


tiveness of the SR4 gages. 
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DISCUSSION 
i Cast Solid 
Chairman: W. E. Martin, National 7 
Smelting Co., Cleveland. a 
Co-Chairman: A. W. STOLZENBURG, — 
Aluminum Co. of America, Detroit. | 
MemBer: I am wondering whether 
this lacquer test might not be showing 
stresses in the lacquer as well as in the 
castings. Perhaps the lacquer is cracking Q 
of itself to some extent. g 
Mr. Brown (author's closure): The we fF P = 
magnitude of the stresses in a _ brittle [ / a Ng i } 
lacquer coating is low when the part, A 
together with the lacquer coating, is held ~ 45 
at a given temperature. Due to the creep ! 
phenomenon inherent in the lacquer, : 
equilibrium is reached in the coating at 
a given temperature approximately one 
hour after an imposed load has been b 
applied. Upon lowering the temperature t — 
below a critical value for a given lacquer t 
coating, biaxial stresses are set up in t 
this coating which may cause the coating { 
to crack in a random pattern generally YY $ 
called “crazing.” Y ( 
A stress pattern developed on a part Y 4 speci 
as the result of an imposed load would iF LLiLL : 
be influenced to a very small degree due 5000 eo 
to residual stresses in the lacquer if care- able 
ful technique is followed. As the stress main 
pattern is evaluated from the calibration is In 
bar, it would be reasonable to assume Sampo Alyy No.and Heat No. tk 
that the residual stress in the lacquer orn this face re m 
dusts 
f ery i 
Fig. 7 (below )—Casting for stability excel 
measurements. Fig. 8 (above )—Di:- elect 
tortion test Specimen. colle 
on a test piece would be of the same onmn 
magnitude as the residual stress in th Co 
lacquer on the calibration bar when car of du 
ful technique has been used effec’ 
Thus, residual stresses in the lacquer a lar 
coating would add to the imposed stress How 
due to load, with the result that the 
sensitivity as indicated by the calibratior colle 
bar may be raised or lowered from a 
theoretical value. Thus, the influence of the | 
residual stress in the lacquer coating but | 
| $$$ $$} would only affect the sensitivity and, as " 
— we are measuring rate of strain to caus ; 
A Sa rupture in the coating, a reasonably clos creat 
co-relation should exist between the strain tance 
causing rupture in the lacquer coating on 9 
/ the calibration bar and the lacquer coat on a 
ing on the part undergoing test ro 
A The above applies, of course, where a = 
given temperature and humidity condi way 
aaa? tion prevails. Upon a change of tempera- ble « 
a“ ture or humidity, if the temperature } 
decreased, thermal stresses are set up mine 
the lacquer coating. This phenomenon 
is used to produce an overall lacque! ae § 
coating pattern where it is desired to de- of ar 
j . termine the direction of stresses through the 
| - 30 ia out the piece and where the imposed inte 
| load has not been of sufficient magnitude rt 
I to cause the lacquer to crack 
| In this case, a qualitative analysis onl) adap 
ad can be obtained. This is generally a 
_- complished by directing a cool stream 0! . Pre 
e air or by swabbing the part with water the 
SECTION A-A | at a temperature several degrees below and | 
| the surrounding air temperature. This Fift 
- 8" technique is also used in determining 0° iat 
3 10" a qualitative basis residual stresses ™ ‘and, 
machine members. 
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CLOTH TYPE DUST COLLECTORS 


George A. Boesger 
WwW. W. Sly Manufacturing Co. 
Cleveland 


$ Cloth type fiilters collect finely divided dry 
dust at economical cost. Two general de- 
signs are available—the tube or bag type and the 
screen type. Mechanical members which support 
the cloth envelopes are connected to a rapping 
device for dislodging the dust pack from the cloth 
surfaces. Hoppers are provided below the 
screens into which the collected dust is deposited. 





LOTH-TYPE filters remove 

dust from the conveying air 

by flowing the air through 
specially designed filter fabric. Sev- 
eral variations in design are avail- 
able, but the operating principle re- 
mains the same. The cloth-type filter 
is in general use primarily for the 
collection of finely divided, dry 
dusts, and accomplishes high recov- 
ery at economical cost. With the 
exception of the far more costly 
electrostatic precipitator, no dust 
collecting device can equal the cloth 
collector in efficiency. 

Collecting only the larger particles 
of dust gives the appearance of being 
effective because it does eliminate 
a larger part of the visible nuisance. 
However, there are three reasons for 
collecting the fine dust: 

|. Coarse dust particles settle near 
the point where the dust is created, 
but the finer particles float in the 
air and become a nuisance and 
create damage at considerable dis- 
tance from the source. 

2. Heavy dust particles may settle 

on a piece of machinery, but only 
the very fine particles work their 
way into bearings to cause irrepara- 
ble damage. 
). It has been scientifically deter- 
mined that larger particles of dust 
are stopped in the nose and throat 
of an exposed person and that only 
the finest particles find their way 
into the lungs. 

"he cloth-type collector is most 
adaptable as it will handle dust of 


Presented at a Session sponsored by 
the Safety and Hygiene and the Plant 
and Plant Equipment Committees at the 
Piftieth Annual Meeting of the Amer- 
ican Foundrymen’s Association at Cleve- 
land, May 6, 1946. 


any size. No dust is too coarse or too 
fine for the cloth collector. A cloth 
filter consists of a tight casing en- 
closing the filter fabric, and so ar- 
ranged that all incoming air must 
pass through the fabric to the col- 
lector outlet. 


Dust Particles Filtered 

Upon entering the case of the col- 
lector a reduction in air velocity 
occurs, serving to drop the coarser 
particles of material from the air 
stream. The remaining finer dust is 
conveyed to the cloth surfaces where 
it is filtered from the air stream, 
the cleaned air continuing on 
through the cloth to the collector 
outlet. The dust pack, or mat, thus 
formed on the cloth surfaces assists 
materially in improving the over-all 
recovery efficiency. 

The collector casing is provided 
with hoppers into which the col- 
lected dust is deposited. The filter 
is fitted with a shaking device de- 
signed to dislodge periodically the 
dust from the cloth surfaces. This 
shaking operation occurs with air 
flow shut off, since the air pressure 
would otherwise tend to hold the 
dust pack against the fabric. 


Installation Types 

A connection may be made from 
the collector to the discharge side 
of the exhauster as a “blow 
through,” or pressure-type installa- 
tion; or to the inlet side, designated 
as a “draw through,” or suction- 
type installation. The latter ar- 
rangement is most generally adopted 
because in this case the exhauster, 
or fan, handles only clean air and 
is not subject to abrasion by the 
dust particles. 


Cloth Filter Designs 

Two general designs of cloth filters 
are available—the tube or bag type, 
and the screen type. In the cloth 
tube or bag type, the filter fabric 
takes the form of a series of tubes 
or bags, open at one end and closed 
at the other. 

These tubes, or bags, are suspend- 
ed vertically in the casing with the 
bottom, or open end, tightly sealed 
to thimbles in a plate located near 
the bottom of the casing. The dust- 
laden air enters the casing below 
the seal, or thimble plate, and passes 
upward through the cloth inlets 
(Fig. 1). 

Dust is precipitated on the inner 
surfaces of the tubes, or bags, and 
the cleaned air continues on to the 
outlet at the side, or top of the 
casing. The tubes, or bags, are at- 
tached to a shaking device, usually 
connected at the top of the tubes, 
which is operated periodically to re- 
move the dust pack from the inner 
surfaces of the fabric, from which it 
drops to hoppers which form a part 
of the collector casing. 


Cloth Screen Collector 

The cloth screen type collector is 
of more recent development. In this 
type of filter the cloth appears in 
the form of comparatively flat en- 
velopes suspended horizontally and 
side by side in the metal casing, in 
a manner which permits installing 
a maximum cloth area in a mini- 
mum size of casing. 

Open ends of the cloth envelopes 
are sealed to each other or to the 
casing, definitely dividing the casing 
into a dust chamber and a clean air 
chamber. The dust-laden air enters 
the dust side of the casing and must 
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pass through the cloth from the out- 
side to the inside of the envelopes. 
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extensive operating experience. 
They have brought about longer 


common collector arrangement 
known as the intermittent type, ¢! 











The dust is collected on the outside 
of the envelopes. 

Mechanical members which sup- 
port the cloth envelopes are con- 
nected to a shaking or rapping de- 
vice, for dislodging the dust pack 
from the cloth surfaces. Hoppers 
are provided below the screens into 
which collected dust is deposited. 

Many refinements in cloth col- 
lector design have resulted from 


life; greater capacity per unit of 
Space occupied ; ease of access; re- 
duced maintenance and repairs; and 
more effective cloth cleaning. 

As the building up of the dust 
mat on the cloth surfaces results in 
a gradual inérease in collector re- 
sistance, it is necessary periodically 
to vibrate the cloth surfaces to re- 
duce the dust pack and the resist- 
ance to air flow. With the more 


cloth is cleaned by periodic oper 
tion of the shaking device, with ¢) 
exhauster shut down. 

Frequency and duration of thes 
cleaning periods is determined 
specific conditions. For  averag 
problems with average dust loadin 
these cleaning periods of 5 to 
min. may take place after each 4 
5 hours’ operation. The cleaning 
period frequently can be decreased 
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Fig. 3 (Left)—Diagram of air passage in an automatic- 
continuous dust filter. In this diagram both filter sec- 
tions F and G handle the dust-laden air. Fig. 4 (Cen- 
ter)—In this diagram main damper K is closed, small 
damper M is open for reverse air-flow through filter F, 


to assist shaker drive H in removal of dust from bag 
Fig. 5 (Right)—In this diagram main damper L | 
closed, small damper N is open for reverse air-flou 
through filter G, to assist shaker drive J] in removal 


dust from bags. 
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ith Fig. 7 (Right) show a cloth type 
dust filter with cyclone ty pe “precleaner”’. 





installing additional presettling 
ins ahead of the cloth collector 
reduce the dust loading on the 
th 


Intermittent type of collector is 
onomical in first cost and main- 
tenance for use with operations and 
processes where short shutdowns for 
loth cleaning are not detrimental. 
These cleaning periods ordinarily 
re arranged to coincide with the 
inch periods or shift changes. 


Continuous Type Collectors 
Continuous type cloth collectors 
ie used for process applications 
where these shutdown periods for 
oth cleaning cannot be permitted, 
nd continuous operation is essen- 
tial (Fig. 2). The continuous type 
ollector consists of two or more 
cloth filter compartments, or sec- 
tions, each fitted with an individual 
shaking device and arranged with 
gates or dampers to permit alter- 
nately isolating each compartment 
‘rom air flow to permit cloth clean- 


s control of air flow and shak- 


ing of the respective. compartments 

be accomplished in regular 
ycle through manual operation, or 
by automatic control apparatus. In 
‘ome instances, involving the han- 
dine of high dust concentrations, an 
éxtr. cloth filter compartment, or 


section, is provided over and above 
those required, with the control so 
arranged that one compartment is 
constantly shut off for cleaning 

Continuous type collectors are sub- 
stantially more expensive from the 
standpoint of first cost, operation 
and maintenance than the intermit- 
tent type collector. This is particu- 
larly true when the installation is 
of the automatic type, necessitating 
electrical control and timing ap- 
paratus. 

Properly applied and maintained, 
cloth filters will provide effective 
suppression of finely divided as well 
as coarse industrial dusts, but sev- 
eral factors must be given consider- 
ation in their application. The more 
important limiting factors are tem- 
perature, moisture, and chemical 
qualities of both the dust and the 
conveying air or gas. 


Maximum Operating Temperature 
The limiting temperature for cot- 
ton filter fabric is approximately 
175° F. This limit may be some- 
what extended through the use of 
wool filter fabric. The use of as- 
bestos, glass cloth or plastics does 
not appear to be satisfactory at this 
stage of development, because 
proper physical qualities have not 
been developed to withstand the re- 
quirements of this service. 


When containing moisture, the 
conveying air and collector tempera- 
ture must be maintained above the 
dew point to prevent condensation 
within the collector, which might 
otherwise result in sludging the dust 
on the cloth surfaces. The chem- 
ical properties of the air, or gas, 
and the materials being handled. 
must be analyzed to determine if a 
deleterious reaction on the fabric o1 
the collector parts is likely. 


Cloth Filter Factors 

Other factors governing the cloth 
filter recommendation for each ap- 
plication are the air volume han- 
died; nature, characteristics and 
amount of material to be collected; 
and range of dust particle size and 
specific gravity. The size of a cloth 
filter, i.e., the filtering area, is gov- 
erned by consideration of these fac- 
tors. Filtration velocity used with 
intermittent type collectors will vary 
with specific problems of average 
nature in the range of from one to 
four lineal ft. per min. This is more 
commonly termed “ratio,” meaning 
one to four cu. ft. of air per min 
passing through each sq. ft. of filter- 
ing area. With continuous type col- 
lectors, the “ratio,” or filtration ve- 
locity, frequently is increased. 

High dust loadings are reduced 
by presettling devices installed ahead 
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of the cloth filter. This presettling 
may be accomplished by a centrifu- 
gal or cyclone collector, settling or 
baffle chamber, or other devices ef- 
fective for partial precipitation. 


Wire Mesh Spark Screen 


When connected to systems where 
there is a possibility of sparks or 
incandescent particles being drawn 
into the system, a wire mesh spark 
screen is installed in a compartment 
ahead of the cloth filter section for 
trapping and extinguishing these 
particles. 

This device is also useful for re- 
moving or trapping nominal quanti- 
ties of lint or fibrous material from 
various classes of operation. The 
wire spark screen frequently is fitted 
with a rapping device operated from 
outside the casing for shaking down 
accumulated dirt and lint. As a fur- 
ther protection in applications where 
sparks may occur, the filter fabric 
may be treated with a special flame- 
proofing solution. 


When handling dusts of explosive 


or combustible nature, cloth filters 
should be fitted with vents, or stacks, 
arranged automatically to open and 


relieve pressure, should an explosion 
occur. 

Discharge of dust from collector 
hoppers should be given careful con- 
sideration to prevent dispersing fine 
dust to the working room or the 
surrounding territory during the 
emptying operation. Standard cloth 
collectors are provided with hoppers 
having dust-tight discharge gates fit- 
ted with canvas tubes. By proper 
manipulation of the canvas tube the 
dust emitted during the emptying 
operation can be kept at a minimum. 

This is accomplished by twisting 
the tube before opening the hopper 
gate, then gradually untwisting it 
and allowing the dust to slide slowly 
through the tube to the receptacle 
or truck. The hopper gates are, in 
some instances, fitted with clamps 
for the attachment of bags to which 
the collected dust is discharged di- 
rectly. Receptacles, trucks, etc., with 
tight covers connected to the hopper 
gates by removable spouts are some- 
times used. 

A practice of considerable merit 
is to enclose entirely the space below 
the collector casing surrounding the 
hoppers. This prevents air currents 
from distributing dust which may 
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be emitted during t! 
tying operation. Aci 
per enclosure is had | 
door in the end or sid 
step, the enclosure c: 
with an exhaust conn 
tain a slight neg 
therein and thus pr 
of dust. 

When mechanical 
dust discharge is desi: 
lector hoppers are fitt 
air-lock type valves, en 
dust discharge but prey air | 
age, although the coll: 
in operation. The rotar 


_— 
dinarily discharge into a tight coy 
veyor for returning the material ; 
the process or to a central dispos 
point. In some instances the dust 
discharged from the hoppers int 
water sluicing system and discharged 
as sludge into settling pits, lowland 
or sewer. 
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LINING AND PATCHING 


of 


CUPOLA REFRACTORIES 
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E. J. Lally 


Forest City Foundries Co. 
Cleveland 


Ir Is A KNOWN FAct that the 


cupola is the heart of the foundry; 


refore, for good operation it is 


essential to use the best refractories 
available with the most advanced 
practices of lining and patching. 


The shell of the cupola should 
conform to a perfect circle as nearly 


as 


possible. Any irregularities allow 


excessive expansion and contraction 


bet 


ween the joints of the lining 


bricks. 
In lining the well of the cupola, 
any of several methods may be used. 


Sel 
the 
dia 


pla 


ection of a method depends upon 
size of the shell and the well 
meter desired. One method is 
cing of the 2- or 2'%-in. brick 


next to the shell and cupola block in 
front, the cupola block being ex- 


pos 


ed to the metal. In another 


method the cupola block is placed 
next to the shell and the 2- or 24%-in. 
brick exposed to the metal. 

This latter method offers the ad- 
vantage of allowing replacement of 


the 


straights with but little effort. 


Another method utilizes 4-in. circle 
blocks next to the shell and faced 


off 
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stra 


with cupola blocks. Still another 
n the use of two cupola blocks, 
in front of the other. In still 
ther method, 2- or 2¥-in. 
zhts alone are used, depending 
i the well diameter desired. The 


sented at a Refractories Session of 
riftieth Annual Meeting, American 
irymen’s Association, at Cleveland, 
7, 1946. 


final method, say in a No. 3 cupola, 
is the use of a cupola block alone 
in the well. 

All of the foregoing methods re- 
quire the use of a soft, well-mixed 
mud between the joints of the bricks, 
the bricks themselves being dipped 
in a “clay soup.” In all of the meth- 
ods mentioned, “soup” is poured 
freely between the shell of the cupola 
and the bricks next to the shell to 
fill any voids. 

It should be mentioned at this 
point that in lining the cupola well, 
the joints of the bricks of the course 
next to the shell and the joints of 
the face brick should be staggered. 
This helps to eliminate any possi- 
bility of molten metal seeping 
through the bricks to the shell. After 
the well has been completely lined, 
the face brick are coated thoroughly 
with a commercial refractory wash. 

Having lined the cupola well, the 
next step is to properly fit the tuyeres 
in place. In the case of the indi- 
vidual tuyeres, it is a good policy, 
if possible, to bolt the tuyeres to the 
shell. Caution should be used to 
insure that a solid, tight fit is ob- 
tained between each tuyere, espe- 
cially if the tuyeres are not bolted 
to the shell. 

In the case of the continuous 





* Proper selection of 
methods and materials 
for cupola lining and patch- 
ing has much to do with the 
efficiency of the foundry 
melting. Good materials 
properly applied are im- 
portant factors in cupola 
melting practice. 











tuyere, it is important that the shell 
at this point conforms to as perfect 
a circle as possible. This is to in- 
sure a close fit so that no air is lost 
in passing from the windbox through 
the tuyeres. 

The type of lining used between 
the tuyeres and to a point 24% ft. 
below the charging floor depends 
upon the size of the shell and the 
diameter that is desired. 

It has been advantageous in the 
lining of a cupola to have a ring 
bolted to the shell about 2 ft. above 
the melting zone, so that when only 
the melting zone is relined the brick 
above the ring is held in place. The 
number of rings in the stack of a 
cupola depends upon the height of 
the stack. 

The three courses of brick im- 
mediately above the tuyeres are 
placed so as to form an overhang 
of 2 to 3 in. over the tuyeres. This 
aids in preventing the tuyere plates 
from being burned off by the molten 
metal as it passes by the tuyeres, and 
also helps to keep the metal from 
dripping into the tuyeres. This over- 
hang can be obtained by an extra 
2- or 2¥%-in. straight being placed 
in the three courses. 

The section between the overhang 
and a point 2% ft. below the charg- 
ing floor is lined according to the 
diameter desired. 

In one lining method, a 2-in. 
straight is placed next to the shell 
and a cupola block in front of the 
2-in. straight. Another method uti- 
lizes two cupola blocks next to each 
other to form a course. If the 
cupola is small, the stack short, and 
only small tonnages melted, a single 
cupola block next to the shell is suf- 
ficient lining. Here again, the bricks 
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are dipped in a “soup” and the 
joints are sealed with a well-mixed 
clay. Any void between the back 
lining and the shell is eliminated by 
pouring “soup” between the shell 
and the back lining. 

Again it is important when lining 
the stack to stagger the face block 
in regard to the back lining to pre- 
vent the joints from coinciding. This 
practice is continued up to 2% ft. 
from the charging floor. 

From 2'% ft. below the charging 
floor to 2 ft. above the charging 
floor a refractory block is used as a 
back lining. The face block is an 
iron brick. Here the iron brick is 
used as a face block to withstand 
the punishment received when the 
charges are thrown into the cupola. 

These iron brick usually are hol- 
low, so that “soup” can be poured 
into them to allow for contraction 
and expansion. The last row of iron 
brick above the charging floor usu- 
ally is bolted into place. The course 
of bolted iron brick acts as a sup- 
port for the arch brick used in the 
top part of the stack. The arch 
brick between the iron brick and 
the top of the stack seldom has to be 
replaced because it serves only to 
protect the shell from the flame of 
the cupola and has no other func- 
tion. 

After the cupola has been com- 
pletely lined, a coke fire should be 
placed in it and allowed to burn for 
24 hr. This will insure a completely 
dried cupola. 


Patching A Cupola 


The amount of work necessary to 
patch a cupola depends upon the 
amount of burn-out, which in turn 
depends upon the type of operation. 
If the cupola is charged unevenly, 
air distribution poor, melting rate 
high for the cupola size, or if the 
patching has been done sloppily, the 
amount of burn-out is affected ac- 
cordingly. Therefore, in cases of 
consistenly uneven burn-out it is the 
responsibility of the melter to find 
out which of the foregoing factors 
causes the trouble. 

After the drop has been cleaned 
up, the inside of the cupola should 
be sprayed thoroughly with water. 
A much cleaner job of chipping is 
obtained by wetting the inside of 
the cupola. 

Once the cupola has been 
chipped, the first thing to consider 
is repair of the well. If the meth- 
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od of placing the cupola block next 
to the shell and the 2- or 2¥2-in. 
straight next to the metal is used, it 
must be made certain that the 2- or 
2¥-in. brick are in good shape. If 
not, they must be replaced. 

If the cupola block is exposed to 
the metal and the well is in need of 
repair, a rammed mix that is fairly 
dry should be rammed into the 
eroded area, preferably with an air 
hammer. After the well has been 
repaired it should be washed with 
a clay soup or a refractory wash. 


Materials Used 


A number of different refractory 
materials are used for cupola patch- 
ing. Some foundries use sandstone 
cut with the grain; others use sand- 
stone cut against the grain, New- 
castle firestone, fire brick, and some 
use their own recipe for a rammed 
mix. Any of these materials may be 
used as long as it gives good results. 

It is important to note here that 
no matter what type of stone is used 
for patching, it should be dried so 
that all moisture is driven out. This 
will prevent “popping” of the patch- 
ing material when bed is burned in. 

After the melting zone of the 
cupola has been chipped clean and 
the well has been repaired, the next 
step in patching is to form a ring 
immediately over the tuyeres to act 
as a ledge or support for the re- 
mainder of the patchwork. This ring 
consists of small pieces of stone and 
well-mixed mud. 

The type of mud used for patch- 
ing varies with every foundry. Some 
of the mixes used are fire clay and 
new molding sand, fire clay and silica 
sand, silica sand and gannister, and 
fire clay alone. It is important to 
remember that no matter what mix- 
ture is used for patching, it should 
be mixed 18 to 24 hr. ahead of time. 

Once the ring over the tuyeres 
has been made, the melting zone can 
be patched. If an excessive burn- 
out occurs in one area, it is better 
to tear out the lining to the shell 
and put in a new lining in that area. 
It is much more practical to do this 
than to try and patch over the area 
with patching material. 

The ability of a patcher to work 
the patching stone into the variously 
burned areas is of great help in 
maintaining the original diameter of 
the cupola. It is up to the patcher 
to place a good layer of clay on the 
lining to hold the patching stone in 
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place. Any areas tha burned 
deeper than others to be 
patched with a thick: piece a 
pieces of stone so that no depressions 
are left in the patching _ 

If a certain area has ©) |) , slight 
burn-out, it is well to porch with 3 
thin piece of stone so tht the orig 
inal diameter is not reduced. Final), 
in an area that has had practically 


no burn-out it is wise to merely y ash 
over it with a clay soup and leave 
it alone, because sooner 
will burn off. 


or later it 


The writer would like to mention 
that any voids formed by the joints 
of the patching stones must be filled 
in with small pieces of stone. This 
helps to keep the larger stones jin 
place and prevents them from slip- 
ping. 

After the work of patching the 
cupola has been done, the patched 
areas should be washed with a thick 
clay soup. 

In conclusion, if two cupolas are 
available and they are run alter- 
nately, it is preferable to dry the 
patching for at least 2 hr. by means 
of air and gas torches or a wood fire 


DISCUSSION 


Chairman: C. E. Bates, Ironton Fire 
Brick Co., Ironton, Ohio. 

Co-Chairman: C. S. Reep, Chicago 
Retort & Fire Brick Co., Chicago 

MEMBER: What is the patching diam- 
eter? 

E. J. Larry: The patching diameter 
is 8 in. 

MemserR: How do you perform this 
patching operation? 

Mr. Latty: In our practice, we op- 
erate two cupolas alternately. After the 
man has finished his patching job, he 
puts up the bottom doors, rams in the 
sand bottom, and puts in the bed, all in 
one operation before he goes home that 
evening. The cupola is ready to start 
the next morning. At 12:30 that night 
we start a small fire with the torches 
There are four portholes in the walls of 
the cupolas through which we put burn- 
ers. We burn those burners about a half 
hour every night, just to start the coke 

With this particular type of operation 
or practice we have been getting a satis 
factory drying of our patch and 4 hot 
cupola the next day. If you had only one 
cupola it would not get a chance to dry 

Co-CHamrMan Reep: I have heard it 
recommended but ran into some difficulty 
on this question of back-up. I know of a 
case where a new cupola which was 
lined with a 6-in. block backed up 9 
another 6-in. block split its mycts 0” the 
first heat. The solution to that problem, 
I was told, was the insertio: of card- 


board spacers at least four or ‘ive % or 
ring on the outside lining. Have you o 
-1n. 


any experience either with () 
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ickup that you would like to 


stty: It has only been a short 
it we have had this No. 8 cupola 
tion. We did not know exactly 
ng to use. We did not know 
y tons a day we were going to 
use we put a new conveyor line 
s told the requirements were 11 
hour. I decided that I would try 
cupola blocks in the melting 
the well, I am using a cupola 
d 4-in. circle block. 
; amazed when the first heat was 
We had hardly any burnout at 
was very low and to this day that 


, burns low. It does not burn high. 


s it is somewhat deep, depending 


the tonnage we take out of it. I 


it 107 tons one day. That cupola 


ducing approximately 11 tons an 
8-10 hr. a day. 


I have never heard of the experi- 


Mr. Reed spoke of. I have had 
of a No. 6 cupola just using the 


2-in. block next to the shell. Cupola 
block was exposed to the metal in the 
melting zone, and the metal went to the 
shell before the heat was over. I found 
out that the trouble was in the brick. 

I would like to mention again that 
the 2-in. block in the well is a help. I 
know it is conventional to put the cupola 
block next to the metal and when it gets 
bad, to put in a new well. In my No. 6 
cupola we put the 2-in. or 2'-in. brick 
exposed to the metal. When it gets bad 
my patcher asks me to look at it. If it 
is bad enough, he chips it right out. I 
have seen him put ten brick in at one 
time. 

T. W. Curry': Are you putting those 
brick edgewise? Is there molten metal 
and slag against the 4'/2-in. face of the 
brick? 

Mr. Latiy: That is right. 

J. A. Bowers’: I do not know how 
many times we have relined our cupolas, 
but we have never tried to put a back-up 
or any other means of taking care of 
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expansion when using cupola blocks. As 
a matter of fact, we put the brick against 
the shells as close as we can. Of course, 
you can not all the time because there 
may be a rivet or bolt head or an angle 
holding up the cupola block, and we 
actually pour the soupy fireclay behind 
the brick just exactly as Mr. Lally de- 
scribed. We have never ripped any of our 
shells. If you were to get a brick that 
had a high expansion coefficient, you 
probably would. As a matter of fact, we 
did rip a shell one time with sandstone 
but never with clay cupola block. Frankly 
we favor, as far as the melting zone is 
concerned, on our 72-in. cupolas putting 
one row of 96-72 cupola block just above 
the tuyere and then we drop back to a 
96-78, dry the lining out and patch the 
30 in. just above the tuyeres with regular 
9-in. straights to close all joints, if pos- 
sible, on a brand new lining. 


'Lynchburg Foundry, Lynchbure, Va 


Ala. 


2American Cast Iron Pipe Co., Birmingham, 
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DUTIES AND FUNCTIONS OF 
THE INSPECTION DEPARTMENT 
AS SEEN BY MANAGEMENT 


M. D. Johnson 
Factory Works Manager 


Purolator Products, Inc. 


Newark, N. J. 





Wuat 1s MANAGEMENT'S ATTI- 
TUDE toward Inspection? There are 
obviously three schools of thought on 
this subject, namely, (a) Manage- 
ment that has no Inspection De- 
partment, (b) Management that has 
an Inspection Department and rec- 
ognizes and supports it only as a 
necessary evil, and (c) Management 
that has an Inspection Department 
and supports it. 

First, let us consider the plant that 
has no Inspection Department be- 
cause of decision of Management. 
This situation may be both good and 
poor. If Management feels that In- 
spection is unnecessary and does not 
have an Inspection Department be- 
cause it is not interested, then it is 
the author’s opinion that Manage- 
ment has much to learn. This could 
be looked upon by many as an unde- 
sirable situation. 


Quality Considered 

On the other hand, if in that plant 
Management has succeeded in build- 
ing up an organization of outstand- 
ing supervisors that think in terms 
of Quality as well as Quantity, then 
that would approach ideal manufac- 
turing, and Inspection might not be 
necessary. Such a situation should 
not be criticized unfavorably, but 
should be commended. Very few 
plants, however, have achieved that 
degree of perfection. 

Secondly, it is an unfortunate sit- 
uation where through _ tradition 
Management has an Inspection De- 
partment, but does not support it, 
feeling that an Inspection Depart- 


This paper was presented at an In- 
spection of Castings Session of the Fif- 
ticth Annual Meeting of the American 
Foundrymen’s Association, at Cleveland, 
May 7, 1946. 


ment is a necessary evil. In such a 
case the author would be inclined to 
feel that an inferior product would 
be produced, but if difficulties arise 
because of the inferior product, 
without a doubt then the Inspection 
Department will be criticized. That 
is all the value there is in such a 
case, and the existence of the Inspec- 
tion Department has been justified 
as a good place to put the blame. 

The author recalls taking the Fac- 
tory Manager of such a plant on an 
inspection trip through a plant some 
years ago. He had been with his 
company for many years and admit- 
ted that he had treated his Inspec- 
tion Department as a necessary evil 
too long. He then became vitally 
interested in bolstering and support- 
ing his newly revamped Inspection 
Department. Management did not 
support his policies. 

Thirdly, let us consider plants 
where Management has an Inspec- 
tion Department and supports it. 
This is most desirable from the 
standpoint of the functioning of the 
Inspection Department. Here you 
will find the average Inspection De- 
partment doing a good job. Natur- 
ally, if an Inspection Department 
does not do a good job, then of 
course by virtue of Management’s 





' The author of this paper has 

considerable experience 
with Inspection Departments 
and is well qualified to write on 
its duties and functions. Safe- 
guarding the quality of the 
product is the fundamental duty 
and shipping of quality castings 
to the customer is the function 
of the Inspection Department. 
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desire to have a good Inspection De. 
partment you can easily expect that 
Management involved wil! make th, 
necessary adjustments to get th; 
desired results. 

Generally speaking, the desire oj 
Management as pertains to the [p- 
spection Department will be to haw 
an Inspection Department equal 
its desire. 

It is the plant where Management 
recognizes the importance of an In 
spection Department that the author 
should like to consider as the basis 
of developing this subject. 

At the author’s plant the philoso- 
phy of wanting to have a good In 
spection Department is followed and 
to do this the Inspection Depart- 
ment must be supported to the 
utmost. We find that it is one of the 
most economically sound phases of 
our business. 

Since this subject is in reality 
divided into two phases, i. e., Duties 
of the Inspection Department and 
then Functions of the Inspection De- 
partment, it is logical to take the 
subject of duties first. 


Inspection Duties 

Duties of the Inspection Depar'- 
ment.—Fundamentally, the duties of 
the Inspection Department are to 
safeguard the quality of the product 
being manufactured. Naturally, 
foundrymen are interested in Inspec- 
tion as it pertains to castings 

It is not the intent of the author 
to tell you how you should inspect 
your castings or how you should set 
up your Inspection Department. In- 
spection is inspection whether in 4 
foundry or in any other industry, 


and the author feels that the funda- 


mental stated, i. e., safeguarding the 


quality of the product, app!irs to the 
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Inst n Department in any in- 


\ ill note that the author said, 
ding the quality of the 
Management would be 
wrong if it were to assume 
Inspection Department were 
.ponsible for the quality of its 
The author is inclined to 
that this is an important item 
shat sometimes is overlooked. 

Safeguarding quality is entirely 
nt from building quality into 

product. In various papers the 
author has presented in the past, he 
has emphasized the fact that you 
build quality into a product; you do 
not inspect quality into a product. 
Quality in a product has to be con- 
sidered from the inception of the 
product. You must think Quality 
while designing. You must think 
Quality when making tooling, which 
in the case of the foundry represents 
largely your patterns, molding equip- 
ment, etc. 

In actual manufacture, which in 
the foundryman’s case is the making 
of castings, you must instill in your 
entire organization the desire to have 
the workmanship reflected in the 
quality you desire. Your Inspection 
Department through co-operation 
can help, but in the final word their 
duty is still to inspect and to do their 
work so that your quality is safe- 
guarded as it is shipped to your cus- 
tomers to the degree you desire. 


Inspection Functions 

Functions of the Inspection De- 
partment.—The author analyzes the 
functions of the Inspection Depart- 
ment as the means to shipping of 
Quality castings. Naturally, the In- 
spection Department has to function 
in the interest of Management to 
fulfill Management’s desire to fur- 
nish a product satisfactory to its 
customers. Here again it is not the 
author’s intent to go into specific 
details of the minute methods of In- 
spection, but rather into some of the 
fundamentals that an Inspection De- 
partment may use as a guide in 
doing its work. 

First of all, and most important, 
is to know the policy of Manage- 
ent and to work to fulfill that 
olicy as near as possible. 


Secondly, to do this you must have 
he proper Inspection Department 
organization. This organization must 
be made up of well qualified em- 


ployees and placed in the most logi- 
cal assignments to take full advan- 
tage of their knowledge, skill and 
tact. 

Thirdly, reference has just been 
made to proper placement of the in- 
spectors based on their knowledge, 
skill and tact. Naturally, in such 
placement most consideration must 
be given to the man to supervise the 
Inspection Department. This indi- 
vidual must be well versed in all 
details of the product. The man so 
selected must also be given maxi- 
mum authority for his responsibility 
of seeing that the best possible judg- 
ment is used in making decisions. 


Final Decisions 

This authority should give him 
power to make final decisions, but 
he must be big enough to consult 
and use advice of other department 
heads. There are many parts that 
are not strictly in conformity with 
specifications which will still func- 
tion satisfactorily in the finished 
product. 

The authority to make this kind 
of decision must be given the indi- 
vidual in charge of the Inspection 
Department by Management and 
supported by them. This is necessary 
to develop good judgment which, 
after all, is vital to the proper func- 
tioning of an Inspection Depart- 
ment. Inspectors without good 
judgment can make unnecessary and 
unreasonable demands that prove to 
be economically unsound. 

One place where good judgment 
is of utmost value in foundry inspec- 
tion is in the case where costly cast- 
ings might have a blow hole in a 
surface which is to be machined. It 
is relatively easy for the foundry in- 
spector to determine if the finish cut 
will clean up at the point of the 
blow hole. If it will, there is no rea- 
son for the casting to be rejected by 
either the foundry or the ultimate 
user. 


Liaison Work 


In the case of borderline cases 
such a program may require consid- 
erable liaison work between the 
foundry and customer. The impor- 
tance of this liaison work cannot be 
over-emphasized. One of the most 
important details of this is to be 
assured that decision by the foundry 
is in line with the desires of the 
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proper authority of the customer 
This authority varies in many com. 
panies. Usually this is better accom- 
plished by the two Inspection De- 
partments working together. 


Certainly there would be no justi- 
fication in rejecting castings of the 
type that will clean up satisfactorily. 
By the same token, however, it is 
economically .unsound to put too 
much preliminary investigational 
work on a small inexpensive casting 
where the effort expended exceeds 
the value of the casting. 


Fourthly, to function best the In- 
spection Department must work di- 
rectly under top management. It 
cannot and must not be subordi- 
nated to any lesser division of the 
organization. This does not mean 
that it cannot be co-operative with 
the other departments, for in this 
respect it must be most co-operative. 
It must not, however, subordinate 
itself to any other department in the 
entire organization. 


Fifthly, often times Inspection De- 
partments err in adhering to the 
strict philosophy that their sole func- 
tion is to be assured that the product 
is in full accordance with all estab- 
lished specifications. Basically, if 
they function in this manner, they 
are right. However, the functioning 
of the Inspection Department can 
become more valuable and not only 
accomplish their work, but do it bet- 
ter, if they will go just a little 
farther. 


Deviation Analysis 

This is the ability to analyze the 
cause for either the parts themselves 
or the finished commodity not being 
in accordance with the specifications. 
If the Inspection Department can 
find the cause, it aids the entire pro- 
gram materially if it is able to pass 
it on to interested members of other 
interested departments the reason 
for such deviation. 


True it is that this information 
may not be used by the other de- 
partments, and members of the 
other departments may even take 
the attitude that the Inspection De- 
partment is trying to usurp their 
powers and dictate how to do their 
job. The author does not advocate 
this going a little farther for that 
purpose, but does feel that this 
added information can and should 
be used in a co-operative manner by 
those who are directly involved. 
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Sixthly, this same philosophy fol- 
lowed as to the reason for rejection 
of a part, as to why the part is 
wrong, or why, being wrong it will 
not function properly, can be the 
cause of widespread respect through 
out the plant in gaining respect for 
the judgment of the inspectors. 

Too many times the inspectors’ 
remarks are simply to the effect that 
the part is not according to specifi- 
cations. However, the inspector who 
is able to show why the part is not 
according to specifications in addi- 
tion to knowing it is not, gains much 
respect for himself and his depart- 
ment. 

Seventhly, installation of pride in 
the company and product in the 
minds of inspectors materially aids 
them in their work. It should be a 
source of pride to any Inspection 
Department that the product sold 
meets the approval of the public or 
customer purchasing the commodity. 


Pride in Quality 

Thinking in terms of castings, 
how much pride does your foundry’s 
Inspection Department have in the 
fact that a large number of the cast- 
ings you ship are ultimately rejected 
by customers because of defects the 
inspectors in your foundry should 
have discovered and relegated to the 
cupola for re-melting instead of hav- 
ing shipped to the customer? By the 
same token to what degree are they 
interested in the ultimate user’s wel- 
fare if they realize that certain cast- 
ing defects, such as cracks, might 
result in the death of a_ person 
through failure of the casting in the 
field? 

The foregoing items which are so 
vital to the functioning of an Inspec- 
tion Department are only a few of 
the many that could be cited, but 
should be sufficient to bring to your 
attention enough to aid you or the 
men in your Inspection work to do 
a better job. 

The author is vitally interested in 
doing everything possible to improve 
Inspection as it pertains to foundries. 
He considers it one of the outstand- 
ing privileges he has enjoyed to have 
served as the first Chairman of the 
A. F. A. Inspection Committee. This 
committee under the subsequent 
able leadership of Messrs. Warner 
and Leverenz has worked hard to 
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bring further to foundries’ attention 
the importance of good inspection in 
foundries. 

The work of the Armed Forces 
Inspectors stationed in foundries and 
industries using castings during the 
war should have stressed the impor- 
tance of good inspection in_ the 
foundry industry. Too many times 
foundries think of their production 
in terms of yield as it leaves the 
foundry, and are prone to be critical 
of inspectors who reduce this yield 
by rejecting defective castings. 


Consistent Quality 

If these inspectors use good judg- 
ment, they should be encouraged 
rather than adversely criticized, for 
after all, the yield you are really 
interested in is not just your foundry 
indication, but that indication plus 
the tonnage rejected by your custom- 
ers. Castings rejected by customers, 
especially after partial or full ma- 
chining, represent a loss not only to 
the foundry, but to the customer, for 
under standard practice his labor in 
machine work is lost completely. 

In the author’s opinion it is the 
foundry which constantly ships good 
castings that is the one which will 
survive coming competition. Such a 
foundry will find a good Inspection 
Department a definite factor in post- 
war survival. We are now in a posi- 
tion where most foundries still do 
not have sufficient capacity for 
added business. 


Other Fabricating Methods 

However, you as foundrymen 
should not lose sight of the fact that 
other industries are figuring ways 
and means of taking work away 
from the foundry and any item now 
made in a foundry which later has 
to be made in a fabricated part be- 
cause of economy or quality, lessens 
the prestige of the foundry industry 
in general. The author favors cast- 
ings in design where they can be 
used and does not like to see a cast- 
ing replaced by a part fabricated in 
a different way just because you 
have failed to make good castings. 

The author brings this paper to a 
conclusion by asking you of Foundry 
Management, “Are you accepting 
your responsibility to your customers 
by supporting a good Inspection De- 
partment?” 


\RTMENT 


DISCUSSIC 


Chairman: H. W. \ 
Chalmers Mfg. Co., Mil 

Co-Chairman: E. G. L , 
ican Steel Foundries, Eas ' 

MEMBER: Would you « 
on the relation of inspect 

Mr. JouHNnson: I do 
what your thoughts are sin 
I did not touch on salvag: 
the general manufacturing 
than the foundry alone. 
should come directly und Insne: 
tion Department. In my pa I referred 
to the liaison work necessary between me 
foundry and the customer or. as far ie 
that is concerned, any manufa tur 
organization and the customer. | also re. 
ferred to the fact that the authorin 
varied in many Cases. 

I am surprised that the question has 
not been asked whether inspection should 
come under engineering or some othe; 
department. If you have a well organized 
inspection department, with the salvag 
directly under inspection working with 
the ultimate customer, your inspectior 
department should be the liaison organ 
ization because it has a good over-al 
picture. Through that liaison work the 
salvage is tied in with inspection and you 
are not apt to get into trouble 

There are a lot of schools of thought 
which pertain to salvaging, especially as 
applied to castings. I know that in in- 
spection work one of the most critical 
things pertaining to the inspection of 
gray iron castings was the question of 
welding. There are cases where welding 
is feasible and there are cases where 
welding is not feasible, in my opinion 

I do not see how the salvaging depart- 
ment could salvage a casting without 
some liaison work with the customer 
with whom they are dealing. In my 
opinion, if they have a good inspection 
department they will be well satisfied 
with the ultimate results. 

MemBeErR: How far would you go with 
salvage? Would you make minor salvag 
repairs on 50 per cent of the castings, 
on 20 per cent, or on all of them? 

Mr. Jounson: I would not want to 
talk in terms of percentages. There again 
it centers on liaison work between the 
two companies and personally, I feel 
there are many castings that are salvaged 
that should be usable without any sal- 
vage. I think sometimes people get too 
picayunish. 

For example, in the case of a surface 
condition, where it is merely appearance 
and nothing else, I have seen foundries 
endeavor to weld those and grind them 
off. In my opinion it was a poorer cast 
ing than if they had not even touched it 
I would rather see those minor defects 
left in because then you are better able 
to judge the casting. When it has been 
welded you do not have as good idea as 
you do if it had not been weldcd 
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GRAY IRON WEAR RESISTANCE 





’ Comparison of gray irons showing good to bad metal-to-metal 

wear resistance has proved that variations in microstructure are 
associated with wear performance. Superior wear and galling re- 
sistance of gray iron is achieved with a complete and fine pearlitic 
matrix with A.F.A. Type A graphite. Coarse pearlite, free ferrite 
or cementite in the matrix and A.F.A. Types D and E graphite de- 
crease the wear and gall resistance. 








F. G. Sefing 
International Nickel Co., Inc. 
New York 







INVESTIGATIONS by Paul 
Lane’, E. K. Smith?, Frank Dost’, 
ind others have shown that certain 
microstructures of gray iron are par- 
ticularly vulnerable in metal-to- 
metal wear applications. Many of 
these same investigators also show 
that certain other gray iron micro- 
structures offer the maximum resist- 
nce to wear and galling. 













Those structures recognized as 
having the best wear properties are 
illustrated in Fig. 1. These may be 
described as having a fully pearlitic 
the A.F.A. Type A 


irons that 







matrix with 
Those gray 
resistance to 






graphite. 
how unsatisfactory 
galling and wear may show varying 
degrees of one or the other of the 
structures illustrated in Figs. 2 and 3. 








Scope. In this discussion, com- 
ments are confined to those machine 
parts which occasionally fail because 
of differences in the cast iron struc- 
ture and not because of inadequate 
lubrication or high bearing pres- 
In piston rings, engine 
nd pump cylinders, machine tool 
ways, etc., it has been found that 
gray iron parts with random A.F.A. 
[ype A graphite and a fully pearl- 
itic metal matrix perform more sat- 
isfactorily than those irons with the 
structures illustrated in Figs. 2 and 3. 


sures, etc. 


Furthermore, gray irons contain- 
ing varying amounts of the poorer 
wearing structures of Figs. 2 and 3 
ave poorer wear resistance in pro- 
Portion to the amount of these struc- 








itic matrix with A.F.A. Type A 
graphite (Fig. 1). 

B. Coarse pearlitic matrix with 
A.F.A. Type A graphite. 

Cl. Pearlite with a small amount 
of free ferrite matrix with A.F.A. 
Type A graphite (Fig. 3A). 

C2. Pearlite with a small amount 
of free cementite matrix with A.F.A. 


tures that is exposed to wear. 
However, a small amount of the 
vulnerable structure becomes the 
weak link in the wear resistance of 
that gray iron. The important fea- 
ture, therefore, of achieving the op- 
timum wear and galling resistance 
of gray iron is to provide the desir- 
able structure throughout the metal. 








Gray Iron Structures Vulnerable 
to Wear. From the reports of var- 
ious investigators, and from the 
writer’s experience with piston rings, 
cylinder liners, machine tool ways, 
etc., various gray iron structures may 
be classified in order of their de- 
creasing wear resistance: 

A. Refined and completely pearl- 


Type A graphite (Fig. 3B). 

D. Abundant ferrite matrix with 
A.F.A. Type A graphite. 

E. Abundant free cementite mat- 
rix with any form of graphite. 

F. Secondary ferrite matrix asso- 
ciated with dendritic graphite, 
A.F.A. Type D or E graphite. 


However, this discussion is not so 


Fig. | (A)—Desirable graphite structure for wear resistance (A.F.A. Type 
A). Unetched. 100X. (B)—Fine and completely pearlitic matrix. Nital etch. 
500X. 
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much on the degree of wear resist- 
ance of different gray irons as on 
preventing the undesirable structures 
for optimum wear properties in gray 
iron machine parts. 

To achieve a_ refined pearlitic 
matrix free of primary ferrite (con- 
dition A) in gray iron, a minimum 


of 190-200 Brinell hardness should 
be aimed for with the use of those 
alloys which refine the pearlite with- 
out tending toward producing ce- 
mentite. It is obvious that if a 
coarse pearlite (condition B) pre- 
vails, the area of ferrite particles 
exposed to wear can become suffi- 


Fig. 2 (A)—Dendritic pattern of graphite (A.F.A. Type D or E). Unetched. 
100X. (B)—Gray iron matrix associated with dendritic graphite. Small 
white areas are ferrite in small graphite flakes. Nital etch. 500X. 





Fig. 3 (A)—Ferrite (etched white) and pearlite matrix of soft gray iron. 
Nital etch. 500X. (B)—Cementite (white) and pearlite matrix of hard gray 
iron. Nital etch. 500X. 








Gray IRON Wear 


ciently large so that ga - 
ure can take place. 3 
careful balance of the « 
and alloys to the casting 
properties desired will ; 
tain the refined and fy 
matrix, provided the gra 
ture is proper. 

In the foregoing discussion 
matrix structure contro! means 
of manipulating the carbon, silicon 
and alloys, it is pointed out that 
graphite structure contro! was not 
mentioned. However, gray jrons 
with A.F.A. Type D or E graphite 
structure (Fig. 2A) have strong 
tendencies to produce matrix stryc- 
tures of Fig. 2B. It is to be noted 
that the white spots in Fig. 2B are 
ferrite almost surrounded by small 
graphite flakes. It is this condition 
of small metal particles associated 
with small graphite flakes that js 
most vulnerable to wear. A study of 
the influences or factors causing this 
structure*: 

1. Increasing chill capacity as af- 
fected by the composition. 

2. Rapid freezing. 

a. Thin sections. 
b. Low pouring temperatures 

3. Decreasing total carbon and /or 
increasing steel in melting mixture 

4. Increasing melting tempera- 
tures above 2850° F. (superheating 

5. Degree of oxidation during 
melting. In the order of increasing 
oxidation effects, melting units can 
be arranged as follows: 

a. Cupola. 

b. Indirect arc furnace. 

c. Direct arc furnace. 

d. High frequency electric fur- 
nace. 

e. Crucible and air furnace. 

Factors 1 and 2a often are beyond 
the foundry control, since the com- 
position, design and mechanical 
properties cannot be changed be- 
cause of specifications and demand 
on the castings. Factors 2b, 3, 4 and 
5, and to some extent factors | and 
2a, can, be controlled by suitable 
foundry practice. 

Control of Desirable Gray Iron 
Structures. Fortunately, all of the 
factors influencing the production of 
Types D and E graphite can be 
overcome by careful foundry con- 
trol, and their effects on graphite 
structure can be efficiently pre- 
vented by adequate inoculation ol 
the metal just before pouring the 
castings. 


Inoculation is a gray iron undry 
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eaning the addition of sili- 
r its combination with other 
; iron, nickel, calcium, chro- 
al etc. From the author’s work 

culation, these late additions 
have two effects: 

(hey provide final deoxidation 
to melt (very common metallurgical 
practice, indeed). 
| [hey provide seeding of the 
melt with relatively concentrated 
licon, which initiates early graph- 
tization during freezing. 

The dendritic pattern of Types D 
ind E. graphite indicates late graph- 
itization or supercooling® *. 


Inoculant Control 
It is obvious that as the potency 
to produce Type D and E graphite 
increases, the need for more inocu- 
lation or more powerful inoculants 
increases. The effectiveness of these 
inoculants in controlling the desired 
graphite microstructure (Type A) 
depends upon the type and amount 
f the inoculant used. The capacity 
f the iron to become supercooled 
nd to throw Type D or E graphite 
is dependent upon the influence of 
the Factors 1 to 5 previously men- 
tioned. The greater this capacity to 
throw Type D or E graphite, the 
more inoculant required, for ex- 
ample : 
Required Ladle Silicon 


Cupola Iron with Addition, (per cent 


TC, (per cent) of metal) 
3.20-—3.35 0.20 
}.00—3.20 . Cae 
2.75—3.00 0.40 
2.50—2.75 0.50 


An iron with 3.25 per cent TC 
poured into Yg-in. sections or super- 
heated to 2950° F. may require more 
than the indicated amount because 
factors 2a and 4 may be more pro- 
nounced. One limiting factor must 
be borne in mind, i.e., the casting 
skin effect of a few thousandths of 
an inch will show the Type D or E 
graphite and cannot be prevented. 
Since this skin is machined off be- 
fore placing into metal-to-metal 
wear service, all the foundryman 
need do is to add inoculant in suf- 
ficient amount and the proper power 
to hold the undesirable graphite 
‘tructure to the desired thinness. 

A few details about inoculation 
might be mentioned which the 
foundryman should bear in mind: 

A. Temperature of metal inocu- 
lated should not be below 2750° F. 

B. The inoculant should be fused 
nto the metal without burning. 
Powdered silicon, for example, burns 


readily with a blue flame and is. 
therefore, ineffective. 

C. Adjustment of the composition 
is necessary to accommodate the 
ladle addition of silicon and _ its 
combined alloys. 

With a little experience the 
foundryman soon learns how much 
inoculant to add to control the 
structure of his particular irons in 
the sections involved. 

In the writer’s experience with 
gray irons poured into piston rings, 
cylinder liners and blocks, machine 
tool castings, etc., no case has been 
found where the graphite structure 
could not be controlled, except in 
the skin of the castings. This skin 
effect in extremely light castings has 
been consistently held to .020 in. 
with adequate inoculation. 


Conclusion 

For superior metal-to-metal wear, 
it has been shown that gray iron 
should have a fine and fully pearl- 
itic matrix with A.F.A. Type A 
graphite. This structure can be ad- 
equately controlled with the proper 
balance of total carbon, silicon and 
or alloys, and with adequate ladle 
inoculation for the metal and cast- 
ings involved. 

Foundries should find no produc- 
tion difficulties, therefore, in meet- 
ing a gray iron structure specifica- 
tion for superior wear performance. 
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T. E. EaGan' (written discusston The 


author has emphasized the fact that type 
A graphite with a fine pearlitic matrix 
gives the best wear resistance. He has 
also reviewed the methods of control 
necessary to eet desirable gray iron struc- 
tures. The only thing in the way of com 
ment on this paper that I could make 
is to confirm his work 

After a good many years of study of 
the wear resistance of Diesel engine 
cylinder liners in which measurements of 
wear were taken under actual operating 
conditions instead of laboratory wear 
tests, we found that, in general, a type 
A graphite structure with a fine pearlitic 
matrix gave excellent wear results. There 
was only one exception to this and that 
is the use of copper as an alloy 

For some time we used one per cent 
copper as the alloy for the refinement of 
the pearlite matrix, and we experienced 
a considerable amount of wear, some of 
it being as high as 0.040 in. per 1,000 hr 
of operation. Investigation showed that 
every one of these liners had the one 
per cent copper, that the microstructure 
was type A graphite with fine pearlite 

The exception to this was that if a 
minute amount of chromium or molybde- 
num (0.15 per cent or less) was present 
the wear was excellent. The evidence 
that we obtained through these actual 
tests was so conclusive that we are will- 
ing to state that the addition of copper 
without other alloys such as molybdenum 
and chromium will give poor wearing 
liner material. 

We confirmed the fact that the Brinell 
hardness of the liners must be above 190 
to 200, and our specification called for 
a minimum of 200. The actual range is 
between 200 and 250. However, I am 
wondering if we are not wrong in stating 
that the best wear resistance of any gray 
iron is one that is free of primary 
cementite. 

Would it not be better to say that the 
best wear resistance of a machinable 
gray iron is one that has type A graphite 
distribution with fine pearlite structure? 
Because of the fact that most liners are 
of such a design that they must be ma- 
chined we seldom, if ever, use a chilled 
iron, 

Therefore, we have very little evidence 
of the wear resistance of an iron that 
contains rather large amounts of primary 
cementite, and until we have evidence to 
the contrary, we may be misled by mak- 
ing too broad a statement 

The statement that Mr. Sefing makes 
that he is considering metal to metal 
wear resistance should be emphasized 
Other types of wear require different 
types of materials to give proper results 

For instance, in abrasive wear a much 
better type of material would be one 
that contains a considerable amount of 
cementite. In fact, any type of abrasive 
wear instead of friction wear requires a 
harder matrix than does the straight fric- 
tion wear. 

There are two factors which control 
wear resistance. One is the metallurgy of 
the iron used, and the second is the 
design of the parts. Our investigation has 
shown that there is a limit to which 
metallurgists may go in improving the 




















758 


wear resistance of cast iron. 

In our own case, this limit seems to 
be about 0.0005 in. per 1,000 hr. of 
operation. However, by proper design 
such as oil cooling of pistons, proper ring 
design and better control over lubrica- 
tion, this figure can be vastly improved 
so that in the end we experience phe- 
nomenal wear resistance. This should be 
true because if the two metals never 
touch each other, which is theoretically 
possible by the use of proper lubrication, 
we should experience no wear whatso- 
ever. 

H. W. Lownie’: I am disappointed 
that Mr. Sefing did not present more 
data on the correlation between micro- 
structure and wear resistance. The use 
of inoculation as a method for control- 
ling the structure has been discussed but 
there seems to be a missing link between 
the resultant structures and their wear 
resistance. 

Mr. Serine: I think that if I were to 
have presented sheaves of data on wear 
resistance vs. structure, no one would 
have believed the data anyway. All that 
we can do is take service castings that 
have performed satisfactorily and those 
that have performed unsatisfactorily and 
inspect them and see what the score is. 

MemBer: We have made a study of 
such service castings as engine pumps, 
engine cylinders, and piston rings. We 
have found consistently that those that 
performed well had the A.F.A. type A 
graphite, and those that performed poor- 
ly had the dendritic graphite. 

We had 42 piston rings that were 
taken out of engines after 8 hr. because 
they scored the cylinder and there were 
82 piston rings that performed satisfac- 


1The Cooper-Bessemer Corp., Grove City, Pa. 


torily in the engines up to 250 service 
hours. Our laboratory shows that you 
can go to almost double bearing pressure 
dry test with a good graphite structure 
than the dendritic type. 

Mr. Lownie: This experience ties in 
pretty well with some wear resistant 
applications that I have worked with. 

Mr. Sefing has made a point about the 
difference between the use of inoculation 
for chill control and its use for struc- 
tural control. My thought is that the 
mechanism must be the same in both 
cases. 

Mr. SeFinc: When you are pouring a 
soft iron, the gray portion of the casting 
will usually show a good A.F.A. type 
graphite. The edges of all castings may 
show a few thousandths of an inch den- 
dritic pattern. The wearing surface is 
machined off. If you are machining off 
4 in. of metal you have to hold the 
dendritic graphite beyond that % in. If 
you are working with piston rings and 
machining off 0.020 in., you must move 
the dendritic pattern to less than 0.020 
in. and that is a tough job. 

Mr. Lownie: In that case you are 
controlling chill and controlling structure 
at the same time and by the same mecha- 
nism. 

Mr. Serinc: I am not ready to accept 
that they are exactly the same thing. 

Mr. Lownie: You made the state- 
ment that the effectiveness of inoculation 
can be determined by determining the 
amount of silicon picked up in the ladle. 
I do not think that this is correct. 

Mr. Serinc: If you are making a 0.30 
per cent silicon addition cupola mix, we 
will say a 40 per cent steel mix, the 0.30 
silicon may be inadequate when you use 
fine material (say 20 mesh) so that you 
burn up about half of it. Then you have 





Gray IRON Wear 


to add 0.6 per cent silic: 
get 0.30 per cent silicon 

H. C. AmTsBErc’: | 
agree with Mr. Lownie or 
control and disagree wit! 
having a certain specifi 
inoculant added to an iro: 
chemical composition. 

In our work at Westing! 
found that although we 
same chemical composition 
may have to add different ts 
inoculant in order to cont 
We find in controlling the we 
modify our structure to a cr Pitees 

Mr. Serinc: The amount tIs 
gested is for a 3 per cent = iow 
and it is probably more than a prodyc. 
tion foundry would need. It true that 
the amount of silicon to be added wil] 
be varied by the proportion of : 
and with variations in oxidation in melt 
ing. 

CHAIRMAN MCELweeE: It is difficult 
to make accelerated tests to compare wit} 
field tests. However, I know of one occa 
sion when we made a study that was 
accelerated test. It is a worm and wor 
wheel. The worm was SAE 1045 ste 
and the worm wheel was cast iron. Yo 
have extremely high unit pressures, and 
in this particular case the company that 
was making these worms attempted to 
make a study. We cooperated and found 
confirmation of what Mr. Sefing said. If 
there was any tendency toward whorls 
or dendritic graphite formation in a ver 
short time the ferrite particle would pul! 
out, would weld itself to the worm wit! 
resultant cutting tool effect. The test 
wheel failed shortly. 


2Battelle Memorial Institute, Columbus, Ohix 
83Westinghouse Electric Corp., E. Pittsburgh, Pa 
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OF THE COMMERCIAL REFRAC- 
tory materials, fireclay refractories 
are used in largest quantities in the 
foundry industry. The properties of 
fireclay brick are frequently consid- 
ered toward the end of securing 
those products which may be used 
to best advantage in the cupola and 
accessories, malleable furnaces, an- 
nealing furnaces, and other refrac- 
tory constructions. Individual men- 
tion will be made of the various 
properties of fireclay brick, both 
physical and chemical. 













Pyrometric Cones 





Refractoriness. Obviously, a ma- 
terial which is supplied for heat 
resistance should have a high fusion 
point. More accurately, the ability 
of refractories to withstand tem- 
peratures causing softening is re- 
ferred to as the pyrometric cone 
equivalent (P.C.E.). Many factors 
influence the softening point of re- 
fractory materials. Because of these, 
the comparison of an unknown re- 
fractory with a standard and known 
refractory composition has been 
found to permit most satisfactory 
evaluation of the temperature-re- 
‘isting qualities of the unknown. 

Standard pyrometric cones are 
available, the bending temperatures 
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of which have been carefully deter- 
mined. In testing a given refractory 
product, a small sample is finely 
ground and molded into a similar 
cone-shaped unit. This is then in- 
stalled on a cone pat along with 
standard cones and heated accord- 
ing to a predetermined, definite 
schedule. At the point the sample 
cone is observed to bend and touch 
the refractory pat, the condition of 
the standard cones is recorded 
(Fig. 1). This permits satisfactory 
evaluation of the refractory quali- 
ties of the sample tested. 

In discussing refractoriness of fire- 
clay brick, it should be emphasized 
that this refers to the pyrometric 
cone equivalent determined as has 
been described, and not to the tem- 
perature which the particular brick 
will withstand (Fig. 2). Fireclay 
brick may have a P.C.E. of Cone 
321%, corresponding to a tempera- 
ture of 3131 F. However, under a 
load of 25 psi these brick will tend 
to show measurable deformation at a 
temperature of about 2250 F. 

Furthermore, at temperatures in 
the neighborhood of 2250 F, this re- 
fractory may show some dimensional 
changes, even though little or no 
load is applied. These properties will 


‘be dealt with further. 


Chemical Analysis. The chemical 





An outline of the im- 

portant properties of 
the various refractories 
used in the foundry—indi- 
cating their practical 
meaning to the foundry op- 
erator and describing par- 
ticular applications. 














composition of a refractory is ex- 
tremely important but requires care 
in properly understanding its rela- 
tion to a given set of service condi- 
tions. It is only necessary to con- 
sider the satisfactory application of 
highly siliceous brick where a re- 
fractory more basic in nature seems 
indicated in order to understand 
that the chemical analysis of a fire- 
clay brick needs considerable inter- 
pretation to make it a useful guide. 
In fireclay brick, the ratio of silica 
to alumina is important in gaining 
the preliminary estimation of a given 
refractory. The iron oxide content is 
not especially important as long as 
it is held within reasonable limits. 


Physical Properties Important 

Lime, magnesia, and alkalies tend 
to lower the refractoriness of fireclay 
brick, so the percentages of these 
are important. However, the effect 
of given percentages of lime, mag- 
nesia, or alkalies may vary through 
considerable limits, depending 
upon the brick in question. It 
might be said that chemical analysis 
provides a worth-while preliminary 
estimation of the refractory, but the 
physical properties generally are far 
more important. 

Porosity-Permeability. In cupola 
work, it has long been recognized 
that low porosity is desirable in re- 
fractories, particularly when fluid 
and corrosive slags must be resisted. 
High heat duty fireclay brick may 
show porosities roughly within the 
range 10-30 per cent. Accordingly, 
the porosity of a cupola block may 
be an important consideration in the 
length of service life secured in a 
melting zone. Here again, other con- 
siderations must be taken into ac- 


























760 


count, since porosity in itself should 
not be the sole criterion used to esti- 
mate the performance which may be 
expected. Chemical composition may 
readily influence the service life. 

For example, it is known that highly 
siliceous blocks may in some instances 
resist the fluxing action of the cupola 
slag better than less siliceous brick, 
even though the porosity of the for- 
mer is considerably higher. This is 
further borne out by the splendid 
performance of silica brick in some 
cupola operations, where high steel 
charges are used and exceptionally 
severe conditions prevail. The silica 
brick have substantially higher po- 
rosity than the generally used fire- 
clay cupola blocks. 


Permeability Important 

In more recent years, the impor- 
tance of permeability in a refractory 
has been recognized. This property 
differs from porosity in that it pro- 
vides a measure of the type or kind 
of pores, in addition to quantity. 
Where the pores in a refractory are 
connected, it can reasonably be ex- 
pected that slag attack and corrosion 
may proceed much more rapidly 
than in a refractory of equal poros- 
ity, but one in which the pores are 
in¢ependent or only infrequently 
connected. 

In the permeability measurement, 
air under pressure is passed through 
the refractory sample with definitely 
controlled and standard conditions. 
The result is reported as the volume 
of air passing through a unit thick- 
ness of the refractory in a given pe- 
riod of time. 

The full import of permeability 
measurements has not been devel- 
oped up to the present time. How- 
ever, it has been interesting to note 
that superduty fireclay brick may 
have from three to ten times the 
permeability of dense high heat duty 


fireclay brick. Since superduty fire- 
clay brick has not been widely used 
in cupola operations, although fre- 
quent trials have been made, their 
higher permeability may possibly of- 
fer some explanation. In some non- 
ferrous melting furnaces, where the 
brick are in direct contact with the 
molten metal, certain low perme- 
ability-high heat duty fireclay brick 
have shown definite superiority over 
brick of similar chemical composi- 
tion, but of higher permeability. 
Strength-Abrasion Resistance. The 
mechanical strength of refractories 
has frequently been given undue at- 
tention. There are, of course, appli- 
cations in which maximum mechan- 
ical strength is required, but for a 
great many refractory constructions 
the strength needed in a brick is only 
that which will insure handling up 
to the job without excessive corner- 
ing and breakage. The natural ap- 





Fig. 1—(above) Appearance of test 
cones after heating. 


Fig. 2—(left below) Fireclay brick 
after heating to a temperature of 
approximately 3150 F. 


Fig. 3—(right below) Appearance of 
fireclay brick after ASTM crushing 
test. 
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peal of a mechanically 
is obvious, but often j ry 
high mechanical strengt prod. 
uct other much more rte 
properties are sacrificed i 
also be a consideration e hz 
dling of refractory brick nd t 
plant. Where handling roug! 
strong brick are required in order . 
arrive on the job in good 
Frequently, improvements in hap. 
dling procedure may be made with. 
out material increase in cost. These 
handling improvements may then 
permit taking advantage of the oth. 
er important properties in the brick 
that do not necessarily go along with 
the highest mechanical strength 


Strength Determinations 
Methods of determining strength 
of refractories deal principally with 
the determination of cold crushing 
strength, modulus of rupture, and 
abrasion resistance. Cold crushing 
strength, according to the ASTM 
procedure, is determined on a 9-in 
straight brick stood on end in the 
conventional testing machine. A load 
is applied until the brick is crushed 
(Fig. 3). The result is then reported 
in the load in pounds per square 

inch required to crush the brick 
The modulus of rupture is deter- 
mined on the brick laid on fiat in 


, Span across two knife-edge supports 


Load is applied at the center of the 
span by the testing machine, and the 
result is reported in pounds per square 
inch according to the usual modulus 
of rupture formula. The determina- 
tion of abrasion resistance is not as 
precise a test as either the cold 
crushing strength or modulus of rup- 
ture test. A commonly used abrasion 
test consists of a modification of th 
“rattler test” as used on paving 
brick. The samples are placed in a 
steel drum, along with a definite 
weight of iron balls. The drum is 
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evolved a definite number of 
ifter which the brick are re- 
and weighed. From the 
s before and after this test 

s is determined (Fig. 4). 
the malleable furnace side- 
walls and bottom, the strength of the 
refractory may be important. In the 
walls. the cutting action of misdirect- 
ed fames may frequently be substan- 
tial. In the bottom, particularly in 
operations where cold charging is 
used, the brick may be subjected to 
considerable mechanical abuse. In 
the upper section of the cupola lin- 
ing, depending upon the charging 
methods, abrasion may be an im- 


Right—top to bottom: 
4—Typical appearance of blast 
furnace brick after 600 revolutions 
in paving brick rattler machine. 


Fig. 5—Furnaces for testing load- 
bearing properties of refractory 


brick. 


Fig. 6—Typical appearance of high 

heat duty brick after panel spalling 

test. Preheat temperature, 1600 C 
(2912 F). 


portant factor in consumption of the 
refractory lining. In walls of many 
heating and annealing furnaces, neg- 
ligible mechanical abuse is involved 
and, in such constructions, the best 
ombination of over-all properties 
may be secured if exceptionally high 
mechanical strength is not de- 
manded. 

Volume Stability at High Tem- 
peratures. The importance of this 
property is rather obvious, since re- 
iractories of the proper quality after 
being installed are expected to be 
reasonably free from permanent di- 
mensional changes. In the case of 
excessive shrinkage in service, wide 
joints may develop. With excessive 
shrinkage, the affected portion of the 
brick may be so structurally changed 
that it separates from the body of 
the wall. 

High shrinkage may so alter the 
form of construction that failure re- 
sults. With excessive permanent ex- 
pansion, the furnace structure may be 
disrupted, the brick may be pinched 
off at the hot ends, or other simi- 
lar undesirable conditions develop. 
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Fig. 7—Sketch of cupola block de- 


signed for universal service. 








The test to determine the volume 
stability of refractories consists of 
heating samples of the full-sized 
brick according to a definite sched- 
ule of heat treatment. With high 
heat duty fireclay brick, a tempera- 
ture of 2550 F is used, and this tem- 
perature is held for 5 hr. With the 
superduty fireclay brick, the reheat 
temperature is 2910 F, also held for 
5 hr. After the furnace has been al- 
lowed to cool, the brick samples are 
measured to determine dimensional 
changes which have taken place as 
a result of the heating. 


Bung Brick 


Of the commonly used foundry 
refractories, bung brick are one class 
which should be volume stable at 
high temperatures. This is also true 
of superduty and high-alumina brick 
which are used in malleable furnace 
bottoms. In the cupola, it is natural- 
ly desirable that volume stability be 
maintained with the refractories, but 
with the relatively lower tempera- 
tures and the increased importance 
of other properties the volume sta- 
bility of cupola refractories is not 
generally the major consideration. 

Strength Under Load at High 
Temperatures. In foundry practice, 
there are relatively few constructions 
wherein the brick are called upon to 
withstand heavy loads in the high 
temperature range. However, in 
some furnaces, there may be piers 


supporting relatively heavy loads 
and, should these piers be immedi- 
ately adjacent to the fireboxes, the 
load-bearing properties may be im- 
portant. 

The test for load-bearing proper- 
ties is conducted in a small cylindri- 
cal furnace (Fig. 5). The 9-in. 
brick are stood on end and a load 
equal to 25 psi of cross section ap- 
plied to the 4%x2%-in. face. The 
high heat duty fireclay brick are sub- 
jected to a temperature of 2460 F 
for 1% hr. and the superduty fire- 
clay brick to a temperature of 2640 F 
for the same time. 

Under the load, the brick tend to 
subside, depending upon the amount 
of liquid formed within the brick 
structure and the lubricating effect 
of this liquid on the still solid re- 
fractory particles. 


Load-Bearing Properties 


It was mentioned that under a 
load of 25 psi the high heat duty 
fireclay brick tend to subside at a 
temperature of approximately 2250F. 
The superduty fireclay brick support 
the same load to a higher tempera- 
ture, namely, in the range of about 
2330 F, and intermediate heat duty 
brick will support this load at a 
considerably lower temperature, ap- 
proximately 2175 F. 

Where conditions of load and tem- 
perature must be resisted, it fre- 
quently is necessary to go to the 
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high-alumina brick, esp 
containing corundum. 
have load-bearing prop: 
ceeding the high heat ' 
brick, or even the su} ty Fre. 
clay brick. 

Spalling Resistance. R 
spalling has been given ; 
of attention by refractory 
fields. This may be becai 
from spalling are so 
Spalling may be caused by a oye 
number of conditions; therefor, 
only the most general wil! be cop. 
sidered here. 


Temperature Shock 

Before the advent of the superduty 
fireclay brick, it usually had been 
considered that a coarse grind and 
relatively light burn were important 
in high heat duty fireclay brick if 
the brick had to withstand substan- 
tial temperature shock. High poros. 
ity was thought desirable to achieve 
spalling resistance. In the superduty 
fireclay brick, extremely high densi- 
ty and low porosity were achieved 
furthermore, these brick frequently 
were extremely hard burned 

However, these refractories showed 
exceptionally high resistance to ther- 
mal shock. The results so obtained 
have not discounted the previous ex- 
perience with coarse-textured, light- 
burned fireclay brick, but have 
demonstrated that spalling resistance: 
is not the relatively simple matter 
previously considered. 


Resistance Test 


The laboratory test for thermal 
spalling resistance consists of install- 
ing fourteen 9-in. straights in the 
panel which forms the door of a 
test furnace. This panel is given pre- 
scribed heat treatment for 24 hr., 
which in the case of high heat duty 
fireclay brick is at a temperature of 
2910 F, and with superduty fireclay 
brick, 3000 F. Following the heat 
treatment the panel is alternately ex- 
posed to the cooling of a blast of 
moist air and to heating at 2550 F 
This schedule is continued for a giv- 
en number of cycles, following which 
the loss in weight of the panel is 
determined (Fig. 6). 

There are a number of construc- 
tions in foundries in which the spall- 
ing resistance of the refractory 's 
most important. For example, spall- 
ing conditions may be severe in the 
upper sections of cupolas. Where 
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har. ng methods are such that the 
ype lining is not subjected to ex- 


ess abrasion, some advantage 
mav be taken of modifications in 
text of the cupola blocks to se- 


ie improved spalling resistance. 
{nother important construction, in- 
far as spalling resistance of the 
refractories is concerned, is in mal- 
ble furnace bungs. Here the re- 


fractory is exposed not only to high 
temperatures, but to such heat 
shock as may be involved in starting 


e furnace, or in removing and 
ing the bung brick. In the 
hand-fired malleable furnaces, loose- 
textured, handmade bung brick 
frequently serve satisfactorily. 


Dimensional Tolerances 

In previous years when most of the 
furnaces were so fired, handmade 
brick were generally used. However, 
with the introduction of the pow- 
dered-coal firing more severe condi- 
tions resulted. Accordingly, the pres- 
ent bung brick was developed. Most 
bung brick are now made by the 
power-pressed process. They are not 
only more resistant to thermal shock, 
but also have desirable close dimen- 
sional tolerances made possible by 
the power-press process. 

It frequently is desirable to con- 
sider the spalling resistance of re- 
fractories in the construction of hest- 
ing and annealing furnaces. These 
furnaces may operate at relatively 
low temperatures, and intermediate 
or low heat duty brick appear ade- 
juate. However, temperature changes 
over the period during which the 
furnace is in operation may be suf- 
ficient to produce cracking and 
spalling of the intermediate or low 
heat duty brick. High heat duty 
brick, though not required for the 
temperature involved, nevertheless 
do provide a margin of quality as 
far as spalling resistance is con- 


cerned. 


Cupola Blocks 

Many types of spalling are caused 
by conditions other than tempera- 
ture shock. For example, insufficient 
provision for thermal expansion may 
cause pinching and_ spalling of 
refractories. Improper design of 
arches may be another cause. In the 
cupola, use of cupola blocks having 
the taper not fitting the circle to be 
turned may result in pinching and 
spalling of the cupola blocks. A 








means of insuring a good fit may be 
in the use of a cupola block de- 


signed for universal service (Fig. 7). 
Another advantage of this block 
would be in the simplification of 
stocks where a number of different 
sizes are required. Trials now in 
progress should demonstrate the 
utility of this design. 


DISCUSSION 


Chairman: C. E. Bates, Ironton Fire 
Brick Co., Ironton, Ohio. 

Co-Chairman: C. S. Reep, Chicago 
Retort & Fire Brick Co., Chicago, III. 

MeMBER: Would the speaker eluci- 
date briefly on the basic principles of se- 
lecting the proper cupola block, consid- 
ering the temperature, chemical erosion, 
and abrasion conditions? 

Mr. BrRAsHARES: We cannot general- 
ize too much on cupola brick from one 
foundry to another. There are the high 
production shops with severe service as 
contrasted with those in which relatively 
moderate conditions prevail. It has 
been the belief for some years that a 
good cupola block should have low 
porosity. 

There may be some difference of opin- 
ion regarding the importance of low 
porosity, but in any event, I believe 
equally or more important is the proper- 
ty of low permeability. Assuming that 
the consideration is limited to high heat 
duty fireclay brick and that the refrac- 
toriness of this class is met, then the 
qualities of low permeability and low po- 
rosity are generally believed important. 

As to abrasion resistance, this property 
is frequently over-emphasized. For ex- 
ample, during the past few years a num- 
ber of small foundries have changed to a 
less abrasion-resistant brick for the top 
portion of their cupolas. Where previ- 
ously these foundries used a dense, ex- 
truded, hard burned brick in this section, 
they have obtained improved results by 
using a more open textured handmade 
refractory. 

While this handmade brick may not 
be the type usually preferred in this sec- 
tion, its more open texture apparently 
permitted higher resistance to spalling. 
Where spalling was a greater factor than 
abrasion in the destruction of the refrac- 
tory, then it is readily understandable 
that the handmade brick should give the 
better results. Here again, we should 
not generalize too extensively from a 
few examples, even though substantial 
savings resulted at these particular 
plants. 

The chemical attack on cupola blocks, 
particularly in the melting zone, is an 
important consideration. Since high 
heat duty fireclay brick may show a 
silica content of 50 up to 75 per cent 
or even higher, the range in chemical 
composition is rather wide. Silica is 
known to be resistant to iron oxide at- 
tack, so increasing silica content in a 
fireclay brick may be important toward 
diminishing chemical attack. It is of 
interest to note that in severe operations 
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where the charge contains a high steel 
content, even silica brick containing 95 
per cent SiO, have been used success 
fully 

MEMBER How should the foundry 

man evaluate a given product furnished 
by a brick manufacturer in order to find 
out why a superduty brick in one case 
will spall, and in the other case will run 
to creater erosion than the one that has 
spalled? Is the examination of a fra 
ture of the brick with regard to grain 
size of any help in judging whether the 
right brick was selected, or whether it 
went somewhat beyond the line of pet 
meability ? 
Mr. Braswares: The examination of 
fracture is very worth while The im 
portance of grain sizing, however, may 
be somewhat questionable Assuming 
that cupola blocks fit the circle in which 
they are used and that pinching is not 
a factor, nor are the blocks broken by 
impact, then a rough fracture usually 
denotes thermal spalling. This results 
from temperature shock caused by rapid 
heating or cooling. 

A smooth appearance generally de- 
notes chemical attack. Where spalling 
may be followed by substantial chemical 
attack, some difficulty is experienced in 
identifying the spalling. In evaluating 
a cupola block for the section in which 
the major amount of wear in a given 
cupola takes place, it is desirable to con- 
sider not one property of this block, but 
several. Those which are generally of 
greatest importance are porosity, per- 
meability, chemical analysis, and spalling 
resistance. Undue emphasis on a single 
property frequently leads to false con- 
clusions. 

MEMBER: Would you recommend a 
maximum specific pressure for acid and 
basic brick, considering the burning 
qualities? 

Mr. Brasuares: The actual crushing 
strength, cold, of most refractories is far 
in excess of any loading they are general- 
ly called upon to withstand in service 
However, it should be kept in mind that 
the load a refractory will withstand cold 
is far different than that which it will 
bear at higher temperatures. A _ high 
heat duty fireclay brick may have a cold 
crushing strength of 2000 psi. How- 
ever, under a load of 25 psi, it will tend 
to subside to some extent at a tempera- 


ture of about 2250 F. 


Increase in load and temperature will 
cause further increase in the subsidence. 
Therefore, we should consider that with 
fireclay brick subsidence under load is 
gradual. With silica brick, the most 
acid commercial refractory, subsidence 
takes place through a very narrow range 
For example, a good silica brick under 
a load of 25 psi will withstand a tem- 
perature in the range of 2950 F. Fail- 
ure of the silica brick under load at high 
temperatures is by shear rather than 
gradual subsidence. 


Magnesite brick, the most basic com- 
mercial refractories, also show this same 
type of failure under load at high tem- 
peratures, although their softening range 
may be slightly greater than with silica. 













































QUALITY CONTROL METHODS 


> Quality “cannot be inspected into castings."' Basic principles of 
directional solidification, in conjunction with metallurgical and 
foundry processing, must be understood. Close collaboration of de- 
signer and foundryman, with a mutual understanding of all require- 
ments, results in a quality product through properly coordinated 
process controls. Interpretation of acceptable standards of steel 
casting quality is of utmost importance. Service requirements of the 
casting should be thoroughly understood, and specifications properly 
written for the grade or quality needed. Acceptable standards 
should be clearly defined and mutually agreed upon beforehand. 


J. W. Juppeniat 
Chief Metallurgis: 


Lebanon Steel Found,, 
Lebanon, Penna 





QUALITY CONTROL, when ap- 
plied to castings, means that the 
character and over-all properties 
are consistently and uniformly main- 
tained from casting to casting ac- 
cording to predetermined standards. 
Before quality and its control can be 
properly understood, the level of 
quality required must be established 
as dictated by the intended service 
application 

Quality levels of castings are con 
stantly changing and, with the pass- 
ing years, improvement of foundry 
processes has resulted in the produc- 
tion of castings approaching perfec- 
tion. Methods of checking the in- 
dividual casting for the level of 
quality have been refined, and more 
exacting methods of inspection have 
been developed. 

The foundry, with its diversified 
products for various service appli- 
cations, must have standard levels 
of quality adjustable to each type of 
service application. While a higher 
level of quality than chosen would 
be satisfactory for purely economic 
reasons, the highest quality level 
may not be required. Therefore, a 
satisfactory quality level for each 
casting design should be established 
according to satisfactory service per- 
formance so that production castings 
can be compared to definitely fixed 


standards of acceptance 


Fig. 1. 250-kv x-ray machine being 
used for examination of austen tic 
alloy supercharger casting. This is 
an example of production work 
subject to 100 per cent radiogra phi 
inspection. Practical section lim.ta- 
tion about 1Y-in. thickness. 
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involve 


physical 


castings 
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indness properties. Since the 
portion of service failures is 


table to unmsoundness, such as 


and subsurface defects, this 


on is aimed to cover appli- 
ethods to determine qualities 
ing soundness and requisites 


Tt 
| 

rted 
producti 


ere 


I}lus- 
in the paper pertain to steel 
production, but the scope 
lude other types of castings. 
ds show that quality control 
for railroad use 
many Regula 
on castings were subjected 
overloads and often tested 


ote their production. 


castings 


years ago. 


to complete destruction These tests 
afforded the and steel 
foundryman fundamental informa- 
tion as to the quality of the casting, 


engineer 


the effect of variable degrees of ex 
well 
With these 
test results, coupled with actual serv- 


ternal and internal defects, as 
as valuable design data 


ice records, standards of acceptance 


for railroad steel castings were 


formed and now are reasonably well 
understood. 


Service Performance 


Many railroad castings are in serv- 


ice today after 35 years of satisfac 


tory performance yet these castings 


may contain surface and internal 


section limitation 
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defects of varying proportions. These 
defects are not considered injurious, 
whereas similar defects in a highly 
stressed airplane landing gear, for 
example, could not be permitted 
When the 


quality 


highest level of casting 


and uniformity is desired, 


the production of such parts re- 


quiries | strict adherence to de 


sign principles for directional solidi- 


hcation, (2) exacting process con- 


trols for manufacture 5) non-de- 


structive inspection for the standard 
of quality required 

Che highest standards for casting 
quality require more confining and 
exact process controls of each Oper- 
ation, since the quality must be en- 
gineered into the casting and cannot 
means 


be derived by Inspection 


alone. In order to be assured of the 
high quality desired, certain extra 
or special methods of inspection are 
involved, such as radiography, mag- 
Ret other 


particle surveys, 01 


searching non-destructive tests for 
hidden 
nutest nature 


Naturally 


add appreciably to the cost of the 


discontinuitie of the mi 
these special operations 


manufacturing process and, since 


economic considerations cannot be 


neglected, the desired quality level 
must be carefully selected with that 


factor in mind 


Repair Welding 


Steel castings, like steel ingots, are 
subject to surface and internal de- 
fects 
and removed 
unlike billets or 
be filled in by 


These defects must be found 
when required but, 
also 


weld- 


ing. Satisfactory repair welding can 


blooms, must 


proper repair 
be accomplished with rods capable 
of producing comparable physical 
properties after final heat treatment. 
Failure to observe the proper 
foundry control and design require- 
ments leads to defects such as refrac- 
tory or mold sand defects, internal 
shrinkage, cracks and tears, gas po- 
rosity, slag, et« 
several 


Inspection for quality 


years ago depended largely upon 


Other 
soundness were destructive 


visual examination alone 
tests for 
were not used on 


and, obviously. 


Fig. 2. 
adjusted prior to exposure. Practical 
thick- 


1000-kv x-ray machine being 


about 6-in 


ness. 
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production castings. Visual exami- 
nation still remains an_ effective 
means of quality inspection for com- 
mercial grades of steel castings: 
however, when the requirements be 
come more exacting, other methods 
of inspection are employed. 
Radiography is the most common 
and presently accepted method of 
non-destructive testing (Fig. | and 
2). Details of procedure need not 
be included here since excellent 
technical articles are  available.' 
Since 1926, when some of the first 
high pressure cast steel fittings were 
x-rayed, gamma-ray (radium) tech- 
niques (Fig. 3) have been developed 
for the heavy sections of castings 
involved The cost of films and the 
operating expense has limited this 


inspection to critical castings. 


Testing Pilot Castings 

Recently, radiography has been 
accepted by many foundries as a 
working tool for the complete ex- 
ploration of all pilot castings before 
entering production. With such 
practice on pilot castings, the found- 
ry is aware of internal shrinkage or 
other defects and may improve 
methods or make design changes to 
overcome these difficulties before 
production is started. 

This method of procedure has 
definitely raised the general quality 
level that may be expected from 
steel castings, since properly con- 
trolled repetitive methods should 
yield equally sound castings without 
the expense of 100 per cent radio- 
graphic inspection. 

Radiographic working standards 
with proper interpretation are essen- 
tial and must be clearly understood 
by both the foundry and casting 
user. Incomplete knowledge or lack 
of workable standards for accept- 
ance may defeat the useful purpose 
of this test. 


Power Ratings 
X-ray machines as used for-east- 
ing inspection have increased in 
power ratings, thereby decreasing 
time of exposure and increasing sen- 
applicable — thickness 
ranges. ‘T'wo-million' volt x-ray ma- 


sitivity and 


chines are now in operation on 
heavier sections of castings, resulting 


in radiographs with greater sensitiv- 
ity. The 20-million volt betatron has 
been announced as capable of pene- 
trating about 18 in. of steel with 


considerable sensitivity and latitude. 
With these newer methods and 
improvement of technique, radio- 
graphs proper are now being pro- 
duced at a higher level of quality. 
Casting defects are more clearly de- 
fined with less general fogging and, 
if compared with acceptable stand- 
ards produced under the older meth- 
ods, allowance should be made for 
the increased degree of sensitivity 
attributable to the improvement in 
the radiographic technique alone. 
With these improvements of proc- 
ess and technique for superior sen- 
sitivity of defects, complete new sets 
of radiographic standards pertain- 
ing to each method of radiography 
should be made available to the 
foundry. 
Stereoscopy, i.e., three - dimen- 
sional radiography, promises to be 
of aid to the foundryman by locat- 
ing defects normally disclosed by 
radiographs. This is done by two 
separate radiographs of the same 
casting with a focal spot movement 
of known quantity. Then, by cal- 
culation with distances and other 
factors, and the aid of a stereoscope, 
the location of the defect can be de- 
Sharply defined x-rays 
permit accurate determinations of 


termined. 


size and position of the defect. 


Magnetic Particle Test 

Within the past decade the mag- 
netic particle test has gained promi- 
nence as an inspection method ap- 
plicable to magnetic types of cast- 
ings. The American Society for 
Testing Materials has adopted a ten- 
tative standard?’ for this method, and 
several technical articles are avail- 
able on the subject. 

The magnetic particle test is pri- 
marily limited to surface defects. 
When the proper flux density is ap- 
plied with a subsequent magnetic 
powder.application, surface discon- 
tinuities are quickly indicated by a 
buildup of the magnetic powder. A 
casting may be completely surveyed 
at a lower over-all cost than is pos- 
sible with radiography. 

In some instances, sensitivity of 
the magnetic particle test is greater 
than radiography due to the plane 
of the defect, which generally is at 
right angles to the surface. Small 
cracks of only a few thousandths 
of an inch in depth are revealed, 
which the average x-ray test would 
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not disclose. Of cour 
this nature normally ar 
to the eye. 

The magnetic part 
the other hand, has nm lt 
be of any particular a 
closing internal defects ee 
fore, does not replace ae 
but rather supplement The 
magnetic particle test usually js 4 
plied only to the higher types oj 
quality castings (Fig. 4 rae 
service requirements justify th, 
added expense. 


Fluorescent-Penetrant inspection 

Fluorescent 
being applied to both non-mag- 
netic and magnetic types of cast 
materials. This method is usefy) 
only for the determination of su 
face defects. Internal defects an 
not disclosed, therefore the end re- 
sult of this method is similar to 
the magnetic particle test. The 
equipment required is not exten- 
sive, nor is any part of the oper- 
ation difficult. 

The casting to be inspected js 
immersed in, or sprayed with, a 
prepared highly fluorescent, light, 
water soluble, penetrating oil. After 
approximately a 10-min: soaking 
period, the oil is aliowed to drain 
from the casting and the excess oil 
on the surface is washed away with 
warm water. 


mspection is now 


After drying, the casting is read) 
for examination in a darkened roon 
under a_ violet-ray light (black 
lamp), with or without a developing 
powder dusted over the surfac 
Any surface defects then appear to 
fluoresce with a degree of brilliance 
in accordance with size and direc- 
tion (Fig. 5). 

Supersonic testing, while a com- 
paratively new method, is now be- 
ing used for the inspection of cast- 
ings. The instrument (Fig. 6) sends 
supersonic vibrations through the 
casting under test, and measures the 
length of time it takes these vibra- 
tions to penetrate the material, re 
flect from the opposite side, or an 
internal defect, and return to the 
sending point. An oscilloscope pat- 
tern is produced on the screen, pre 
viding a visual indication of any 
defects which may be present in the 
material under test (Fig. /). 
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vod contact for the search- 
crystal. Sandcast surfaces 
rough and require hand 
The method is not yet 
with uneven and curved 


appears to be no limitation 
section thickness for the 
man, as sections up to 15 ft. 
been successfully penetrated 
good degree of sensitivity. 
irregularly shaped castings 
in-wall sections are frequently 
to test supersonically if they 
provide suitable surfaces 
vhich the beam can be pro 
into the body of the casting 
t angles to the available test- 
iriace 
minimum wall section is of 
>-in. thickness. Testing of 
r sections is sometimes prac- 
vhen the sound vibrations can Fig. 3. Gamma-ray exposur. 
ssed* through the flat edge, strength steel alloy airplane landi 
actually represents a much forks prior to shipment. Another 
r section (width). example of 100 per cent radto- 
Metals should be dense and with vraphic inspection 
st grain of reasonable size. 
nitic alloy castings with large 
; é : Fig 4. Maeneti particle testir on 
| size and variable crystal fe 


a high pressure lou alloy z a bod\ 


during the cleaning process. Surface 


rientation cannot be penetrated, 


h probably is due to sound 


defects which would not be found 
vibrations from the crystalline grain 


aes by normal visual inspection are easily 
boundaries 
. . . de tected. O perators are heckine 
Sensitivity of the present equip- 
» the areas for bore detects. 

nt appears to be adequate for 

f xploration of castings. It is 
eported that defects in regular steel Fic. 5. An austenitic alloy super- 
in be detected if the defect size is charger casting being inspecte d by 
per cent of the distance from the penetrant - fluorescent method 
testing surface. At a_ testing Surface defects, which are cracks in 
listance of 5 in., a defect of 0.005-in. this instance, fluoresce with a bril- 
thickness should be easily detected. liance that would not be disclosed 


Records of defects are not re- by visual examination alone 





























corded, as all images are visually 
read from the oscilloscope pattern 
Defects can be disclosed only when 


the beam reflections pass over the 
area at The 
on one plane is established, and by 


from the 


right angles location 


calculation the distance 


surface is estimated. In order to 
explore all areas, complete scanning 


of all This 


appears to be a tedious method and, 


sections is required. 


if full coverage is required, radio- 
graphic examination might prove to 
be more economical. 

The 
an instrument which provides non- 
destructive testing of castings that 
methods do not afford. It 
supplements radiography. This is 
a new tool for the foundryman, and 


supersonic reflectoscope is 


other 


it is now commanding considerable 
attention for the exploration of 


castings. 


Other Non-Destructive Tests 

Tests such as hydrostatic and air- 
pressure tests are employed in the 
steel foundry. Proof tests or static 
loading to a point just below the 


yield point, with measurement of 


Fig. 7. A 12-in. casting sectioned 
showing internal shrinkage. The 
quart reflectosco pe crystal was 


with the 
shown at the 
pattern reflec- 


placed at “C” resulting 

oscilloscope pattern 

left. The two large 

tions represent the sending point “C” 

and the opposite wall. Variations of 

pattern within these sections repre- 
sent d.scontinuities. 


Fig. 6 equip- 
ment capabie of penetrating massive 
sections up to FS fe. 


Supersonic testing 


any are often made 


on rough or finished castings. 


permanent set, 


Jig-gaging on production castings 
as a final inspection is used (Fig. 8) 
as a means to insure adequate stock 
for machining, including machine 
tool fixtures. Individual layout pro- 
cedure, with thorough checking of 
dimensional and wall 
thickness, is always a recommended 


tolerances 


practice on pilot sample castings. 


It is difficult to indicate limits of 
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manner, but plus o1 
cent or plus or minus 
thickness in the thinner 
has been accepted for 
of steel castings. 


Design Precautic 
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ind drag pattern boards are shown 






heading and gating carefull) 






planned for a casting to meet radic- 
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Fic. 10 (bottom). Checking the 
pouring temperature with an optical 
pyrometer. Mold as well as metal 
has been produced under process 
controlled 









conditions. 








should not be expected. Many 
omplex or “impossible” steel cast- 


designs can best be produced 







vith two or more castings welded 







into a unit. 





Process controls of actual foundry 






rations are not only desirable but 
essential for the highest quality 
levels. Each and every step of pro- 
duction must be fully controlled in 
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good molding equipment and tech- 
nique. Surprising dimensional re- 
sults are possible when engineered 
equipment and controls are properly 
maintained. 

From this point on, the quality 
of the casting remains in the hands 
and head of the steel foundryman. 
He must carefully plan his methods 
of heading, gating, molding and 
pouring. The most preferable 
method of heading and gating is 
to incorporate these essential parts 
of the rough casting on the pattern 
equipment, usually mounted _in- 
tegrally on a board (Fig. 9). This 
step leaves little to the individual 
molder’s judgment and insures du- 
plication of the method on subse- 
quent castings once good practice 
has been established. 

Process controls covering — all 
other phases of operation are re- 
quired, Variables in the molds and 
cores are minimized by material con- 
trols and consistent check of man- 
ually controled operations. Good 
molds to receive metal of the proper 
metallurgical qualities are essential. 

Pouring is one of the foundry 
operations which it is most necessary 
to control. Metal temperature 
varies, with consequent effects upon 
fluidity. Pouring rates invariably 
are manually controlled. Variation 
of both temperature and pouring 
rate vitally affects the soundness and 
cleanliness of the castings. 

Temperature checks may be op- 
tically recorded (Fig. 10), and speed 
of pouring adjusted accordingly so 
that rates of freezing may be uni- 
form and directional. Since these 
pouring variables are recognized as 
dificult to control, ample safety 
allowances must be made in design, 
heading and gating methods. 


Adjusting Pilot Castings 

After production under known 
conditions, the pilot casting is sub- 
jected to visual and non-destructive 
examinations by one or more of the 
previously outlined methods. If this 
sample casting fails to meet the 
quality or grade desired, changes 
usually are made in_ the basic 


foundry planning, or the customer's 
engineering department is requested 
to make adjustments in design. 
Once the pilot casting has met the 
quality requirements, production 
may start and, under the same con- 


trolled methods, similar quality 
castings may be reasonably expected. 

Production castings, made by a 
satisfactorily controlled process, 
normally should possess no major 
defects. Refractory or other blem- 
ishes may occur, usually of surface 
origin. These minor defects must 
be visually located and repaired by 
welding, using a welding rod which 
produces properties comparable to 
those of the parent metal after final 
heat treatment. 


Heat-Treating Factors 

Under process controlled opera- 
tions, it may be assumed that a sat- 
isfactorily sound casting has been 
produced, and which is dimension- 
ally correct and ready for subsequent 
heat treatment. Heat-treating oper- 
ations should be conducted under 
well controlled conditions, in ‘uni- 
formly heated and properly con- 
structed furnaces. 

Simple annealing treatments still 
are satisfactory for lower tensile 
strength requirements but, within 
the past few years, homogenizing, 
normalizing, quenching and temper- 
ing (or any combination) under 
controlled conditions has had a great 
effect upon the use and perform- 
ance of high tensile steel castings. 
Cast armor is a good example of a 
casting on which exacting controls 
for quality must be maintained in 
heat treatment since ballistic testing 
of each casting is not possible. 

Of course, after heat trentment, 
physical properties of the castings 
are checked by process control meth- 
ods such as tensile, impact, hardness 
and other tests. Hardness tests often 
are taken on a percentage of cast- 
ings from each heat treatment batch 
and, when required, 100 per cent of 
the castings are so inspected. 

Visual final inspection of all cast- 
ings is essential. Additional inspec- 
tion. of high quality castings may 
entail a 100 per cent inspection by 
one or more of the foregoing non- 
destructive methods. When satisfac- 
tory quality is consistently found and 
maintained, the frequency of testing 
may be substantially reduced. 

Inspection by any method adds 
to the ultimate cost of the casting. 
Unnecessary inspection is, therefore, 
a waste of man hours and should be 
beld to a minimum. This can be 
accomplished by a thorough under- 
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standing of the servic: 


with specifications pro} q 
for the grade or qualit to 
Interpretation of acc: Fic 
ards of steel casting gq by 
utmost importance. , pa 
inexperienced inspectors a 
terpreted requirements of Fic 
standards of quality wi , pe 

resulted in waste of use! 
or an excessive amount the 
and repair. Acceptabl = 
rer 


therefore, should be clea: 
and mutually agreed up 
undertaking any comm: 
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DISCUSSION 


Chairman: C. H. Lorie, Battelle M: 
morial Institute, Columbus, Ohio 

Co-Chairman: J. A. RAsseny: 
American Steel Foundries, East Ch 
Ind. 

G. VENNERHOLM': I would like t 
bring to the attention of those whe 
not have had an opportunity to exai 
some of the new instruments developed 
for temperature readings of the liquid 
bath, that several such direct reading 
struments are now available 

We have installed the Brown instru 
ment which consists of an_ insulated 
thermocouple which is inserted right 
the molten metal and the instrument 
which utilizes a rayotube. The latte: 
placed into the bath and a strear 
air blown through the tube permitting 
temperature readings to be taken on th 
metal wall formed by the air bubbles 

The Brown instrument being a dir 
reading unit, is very accurate, but has 
the drawback that it requires consider 
able time to replace the refractory tuby 
and remount the thermocouple after « 
reading. 

The L. and N. instrument, on ti 
other hand, offers greater possibilitics | 
cause readings can be taken more or less 
continually thereby allowing a complet 
temperature log to be constructed fo 
each heat. 

I believe that these instruments will be 
of great help to the steel foundri 
they will enable the operator to stud 
the reactions taking place in the fur 
with a much better understanding tha! 
has been possible in the past 

H. H. Biosjo*: The author showed 
a casting with a hub on each side, " 
connection with the superson ethod 
of testing. In checking the soundness 0! 
this hub from one end, there ed t 
be no effect from the sides o! hul 
Does this test check only a st! rt lit 
or does it cover an area? 
~ ‘Ford Motor Co., Dearborn, Mic! Min 


*Minneapolis Electric Steel Casting 
neapolis. 





JUPPENLATZ 


JuPPENLATZ: In answer to that 
yn, my observation would lead me 
eve that it just covers the entire 
from point of crystal contact “C”’, 

Published technical illustrations 
verry Clearly illustrate oscilloscope 
ns through:solid sections and those 
ning varying degrees of defects. 
the oscilloscope pattern shown in 

the quartz crystal was placed at 
of contact “C,” Fig. 7. 
s causes vibrations to be sent from 
iartz crystal in a path of about % 
diameter through the casting. The 
tions go straight and rebound to the 


crystal on the off cycle. The two large 


oscilloscope aberrations represent the 
sending point and back wall respectively 
Ihe small aberrations are indications of 
voids, or shrinkage in this case, and their 
relative position 

In order to make a survey of the en- 
tire casting, the quartz crystal would 
have to be slowly moved over the surface 
of the casting, noting the oscilloscope 
pattern. It is a rather tedious, slow 
method of examination, especially if you 
desire to cover all areas, all surfaces. 


H. H. Jounson*: Have you found 


the control chart method useful as an 
aid in controlling the various steps of the 
process? 


Mr. Juprentatz: Yes, we have used 
some mathematical methods during the 
war. Under Army specifications a great 
deal of testing was reduced. I am think- 
ing particularly of the physical tests 
Even chemical testing was reduced due 
to the process controls in accordance to 
the degree of control that was exhibited 
in the individual foundries, We are 
acquainted with those methods. 


*National Malleable & Steel Castings Co., 
Cleveland 




















MEETING FOUNDRY COMPETITION 
WITH A SOUND COST PROGRAM 


A. E. Grover 


Cost Engineer 
Cleveland 





URING World War II, man- 
D agement was primarily inter- 
ested in producing the implements 
of war which were so necessary to 
an early cessation of hostilities. 
There was a tendency among manu- 
facturers, including producers of 
castings, to accept the collective 
planning necessitated by the war, 
and guarantee of cost recovery, as a 
justification for a general letdown in 
cost control. 

Those conditions no longer exist. 
Management must now recognize 
the importance of studying present 
cost procedures to ascertain if 
changes should be made to control 
postwar costs for use as a basis for 
establishing a dependable sales _pol- 
icy for each item of production. 


Sales Policy Necessary 

Whether or not price ceilings are 
continued, there will surely be no 
restrictions placed on foundries who 
may bid for business at prices below 
any established ceiling price. There- 
fore, the wise foundryman will enter 
competition with a scientifically pre- 
pared basis for establishment of a 
sales policy for each casting to» be 
produced, to put him in a position 
to select the most profitable work. 

As a matter of fact, the very exist- 
ence of any foundry may well de- 
pend upon how much intelligent 
effort it has put into analyzing the 
cost of the various castings it will 
make. 

In many foundries more effective 
cost procedures will have to be inau- 


Presented at a Foundry Costs Session 
of the Fiftieth Annual Meeting of the 
American Foundrymen’s Association at 
Cleveland, May 9, 1946. 


gurated and this must be done even 
if it takes more clerks to do the job. 
It is distressing to find so many cost 
accounting systems designed and 
operated primarily to control shop 
labor and to satisfy the requirements 
of loaning banks and Federal agen- 
cies, with little attention given to 
the preparation of costs and statistics 
so necessary for meeting competition. 

A tremendous amount of study is 
being given to establish operation 
standards intended to increase the 
number of units produced. No ex- 
penditure seems to be too great to 
accomplish this. Management, how- 
ever, too often frowns on necessary 
expenditure to study the other activi- 
ties of the business and to prepare 
bases for intelligent cost estimating, 
necessary to tell management what 
items to manufacture and at what 
price to accept orders. 

No matter whether prices are es- 
tablished by supply and demand, 
competitive bidding, or established 
Government ceilings, there is no law 
that compels the manufacturer to 
accept or reject specific orders for 
manufacture. There is, however, an 
obligation that every corporation 
management owes to its stockholders. 
It is to manage its affairs so that 
their investment may be protected 


and at the same time ear 
profits the traffic will bear. 1 
complish this there must be good 
merchandising and good merchap. 
dising can only be had by a sound 
cost program. Sound costing proc: 
dures require the application of con- 
siderable common business sens 

We hear a lot about a cost systen 
for the small foundry and another 
kind of system for the large foundn 
Contact with activities in both smal 
and large foundries has proven to 
the writer that the cost problems of 
the small foundry are the same a: 
those of the large foundry, and that 
the solution of these problems ar 
the same, provided the small foun- 
dry makes the same kind of casting: 
as the larger competitor. The dif- 
ference lies in the number and siz 
of the cost calculations. 

The determination of the proper 
base to use in establishing cost 
standards is all important and must 
be predicated on a thorough analy- 
sis of the several cost elements as 
related to the specific activity. It 
must always be definitely borne in 
mind that dependable results ca 
never be attained by averaging unre- 
lated elements. 

Securing business in a standard 
commodity market requires inclusion 








+ Dependable normal costs can be determined only on the 

basis of the company's capacity to produce with the pres- 
ent operating facilities. Past records must be used only as o 
guide in establishing fair and reasonable costs to be applied 
to the present potential capacity of the foundry. The cost 
establishing procedure herein set forth may be used in the 
gray iron, steel, malleable and non-ferrous foundries. 
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terial cost at the prevailing 
price at the time the product 
manufactured. Otherwise. 
rices based upon actual costs 
re higher than the market. 
cause the refusal of business 
ould, if it had been accepted, 
the company to realize an 
ng profit. 
On the other hand the inclusion 
terial costs at current market 
which exceed actual costs, 
the inclusion of expenditures 
terials in excess of the amount 


ited in the estimate on which 


the sales price was based, thus un- 


giving the customer profits 
through 


rmed by the company 


good purchasing. 


Primarily, the company is organ 
ed to make profit through the con- 
ersion of materials into a condition 
hat will be usable to its customers. 
It is the measuring of this conversion 
nto the various items of product 

concerns labor cost accounting. 
lime is, of course, the real foun- 
tion of all labor costs. Upon time, 

based all methods of wage pay- 
ent, also all methods of distribut- 
¢ costs of labor to individual items 


product. 


Labor Standards 
Dependable labor standards are 
normal time that it 
on, and at labor rates prevailing in 
the locality in which the plant is 
perating. It makes little difference 
vhether wage payments are made on 


premium, piece, or 


straight hourly rates, just so long as 


principle of basing the cost upon 


the time in which a job should be 


performed is adhered to. 
Foundrymen generally hase their 
timating data on 
ns, either by: 
\veraging actual operation 


normal opera- 


ts over past years, 
2. Using tonnages produced in 
periods of estimated normal opera- 


tor 


Using an arbitrary per cent of 
shipped in the best six 


months of the last ten years or more, 


tonr ve 


Consideration of the physical 
ity of the foundry to convert 
metals into shapes and sizes suitable 


for 


e customer's use. 
raging actual operating costs 
‘ast years is an unsound basis, 


A 


Ve 


73 








FOUNODR 





Y 


cosTs 





























PROD 








U 





C ING 














[ mELTING_ }f, 




















AKIN Gb 


























LtIOVERHEAD 
iN G mm” 


























CORE M 
OIrRECT | 
LABOR 

MOtLO 

CLEANING [| 

[ seELLING | 

Fig. ] ( hart shows foundry COSTS broken 
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qadouwn to three major 








because the average is very likely to 
be different from actual conditions 
today. 

Using tonnage shipped in periods 
of estimated normal operation does 
not take into account the constant 
changes in types of castings from 
vear to year. For instance, 1940 
might be considered a normal yeat 
and the prodyction have been 500 
lb. per molder day. The foundry 
might by increased efficiency of its 
men or by having a different type 
of casting in the sand produce 700 
lb. per molder day. This basis does 
not take into account the variations 
in weight produced by different 
molders in the same day or by the 
same molder on different days. 

Using an arbitrary percentage of 
tcnnage produced in the best six 
months in previous years lends itself 
to the same irregularities in produc- 
tion per molder day as the ure of 
estimated normal operation 

Consideration of the physical ca- 
pacity of the foundry to convert 
metals into shapes and sizes suitable 
for the use eliminates 
these inaccuracies and irregularities 
of job costs caused by changed oper- 
ating conditions as well as changes 
made in the product. 


customers’ 


The following illustrations are in- 
tended to assist the reader in unde: 
standing the principles of cost en- 


g neering which the author will 


present. The writer, in the illustra 


tions to follow, has selected a small 


gray iron foundry as an example 


little diffe: 


ence in principle between cost pro- 


because there is really 


cedures adaptable for it and th 


larger foundries. The same prince - 


ples may be logically applied to steel, 
non-ferrous foun 


malleable and 


dries by taking into account som: 
additional operations not required 


to produce a simple gray iron cast- 


ing 
In Fig. 1 the writer has divided 

foundry costs into three mayor 

classes: Metals, Producing and 


Selling. He has further divided 
producing into the four basic opera- 
tions necessary to convert the metals 
into shapes and sizes suitable for the 
customers’ use: melting, core mak- 


ing, molding; and cleaning. To 


measure the cost of each of these 
operations the expenditures are di- 


and 


explanations and 


into direct labor over- 
head. Further 
definitions of direct labor and over- 


head probably are unnecessary. 


vided 
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Showing distribution of fixed expenses. 
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Showing distribution of variable expense 











For the purpose of establishing a 
basis for meeting competition with a 
sound cost program it is essential to 
predetermine the probable “break 
even” or “out of pocket” point. This 
necessitates the consideration of 
those expenses of a fixed character 
separately from those that vary with 
different volumes of production. 


Fixed Expenses 
In Fig. 2 fixed expenses are classi- 
fied as property, personnel, power 
and supplies. 


I. Property expenses: 
1. Depreciation—Obsolescence of 
plant facilities only, 
2. Assessed property taxes, 
3. Maintenance and repairs to 
operating facilities, 
4. Insurance on operating facili- 
ties. 
II. Personnel expenses: 
1. The and 
executives, stenographers, clerks and 
others directly concerned with the 


salaries expenses of 


management of the business, that do 
not vary because of fluctuations of 
production, 

2. The and ex- 


salaries, wages 


penses of employees engaged in col- 
lecting, recording and reporting op- 
erating costs and statistics, that do 
not vary because of fluctuations of 
production. 


III. Power expenses: 
That portion of the power bill 


estimated to cover lighting the foun- mal operations. 


dry. Operating Standards 


IV. Supplies expenses: 

Supplies used in maintaining op- 
erating facilities that do not vary 
because of fluctuations of produc- 
tion. 

Variable Expenses 

In Fig. 3 variable expenses are 
also classified as property, personnel, 
power and supplies. 


ditions. 


I. Property expenses are: 

The usage factor of depreciation, 
and 

Maintenance of land, buildings 


and equipment. 
up as today. 


II. Personnel expenses are: 

The salary and wages of super- 
visors, laborers and those employees 
engaged in collecting, recording and 
reporting operating costs and statis- 
tics. These salaries and wages fluc- 
tuating approximately with varying 
volumes of production. 

III. Taxes and insurance on wages 
of employees. 

IV. That portion of the power bill 
estimated to operate the produc- 
tion facilities. 

V. Supplies used in producing. 

So long as there are normal peri- 
ods, booms and depressions, individ- 


ual companies must necessarily base 


production. 


of past performance. 
right if the past performances hav 
been comparable with present con- 
Such a basis of past per- 
formance is feasable only if the foi- 
lowing conditions obtain: 

1. Raw material prices must have 
been the same as prevailing today 


the sales policy of each commodity 
at standard cost predicated on nor- 


Many companies establish their 
operating standards from averages 
This is all 


2. The wage rates and methods 
of bonus or premium payment, then 
prevailing, must have been the sam 


3. The volume of business must 
have been in the same ratio to ca- 
pacity of the plant, as the expected 


If normal costs are based on aver- 
ages of actual during high, normal 
and low production then the periods 
must be of equal length and with 
the same volume in each period. 


It could happen that a particular 
foundry did not operate to capacity 
at any time in the past. Others maj 
not have kept records of tons pr 
duced. Then there are 
whose production per man per 42) 
has changed due to a different typ 
of work. Many foundries have 
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reased their tonnage by the intro- 
duction of modern equipment or 
premium wage systems, often both. 


Past Performance 

[he writer prepared Fig. 4 for 
the purpose of illustrating what 
ould happen to the average foun- 
dry, whether it be large or small, 
when using past performance as a 
basis for setting up normal standard 
operating costs, that can be intelli- 
gently used in establishing sales 
policies. By sales policies, the writer 
does not necessarily mean setting 
the selling price. That price may 
be already established. However, a 
sales policy means whether it is wise 
to accept business or reject it. 


Costs 
Che writer has classified costs as: 
|. Metals, 


) 


2. Direct labor, 

Overhead. 

He has further classified overhead 
as fixed and variable. Fixed over- 
head includes property expenses 
ind management expenses. Variable 
overhead includes indirect labor and 
general expenses. 

[hese same classifications are 
shown separately for average of past 
perlormance and present operating 
concitions. Metals expense, direct 
labor, fixed property expenses, man- 
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Showing standard operating costs set up on 
past performance as a basis. 
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agement expenses, indirect labor and 
general expenses are indicated in 
Fig. 4. 


cost per day. 


The ordinate is operating 


You will observe that there is no 
consistent or relative increase in the 
different classes of costs. For in- 
stance, the metals cost has increased 
due to economic conditions. 


Increase in Expenses 

There is no appreciable increase 
in fixed property expenses. How- 
ever, if the foundry has increased its 
producing facilities, or reestablished 
values of old facilities on the more 
equitable basis of cost to reproduce, 
then there would be an increase in 
fixed property expenses. 

Of course, there is and will be 
some increase in management ex- 
penses, as well as an increase in gen 
eral expenses. The largest increase, 
of course, will be in labor. 

One very important fact brought 
out in this exhibit is the utter ab- 
sence of relation of the different 
classes of overhead to the direct la- 
bor. Therefore, a sound cost pro- 
gram cannot possibly be had if direct 
labor is used as a basis of allocating 
these expenses to the various operat- 
ing departments and _ production 
centers. If this method is used it 
should be superceded by a method 
that analyzes each kind of expense 
caused by a specific department or 


Fig. 5—Showing normal costs established on the basis 
of tonnage production 
















production center and charged di- 





rect to it. Such expenses as cannot 





be so charged can be more equit- 





ably distributed on the basis of direct 
labor hours than direct labor dollars. 


Normal Costs 
The writer previously mentioned 
using tonnage as a basis for estab- 
lishing normal costs. This calls for 
some analysis. Assume that a foun- 









dry has had experience as shown in 





Fig. 5. 






The black columns represent ton- 





nages produced over a period of 





eleven years. In 1941, due to in- 





creased business brought about by 
the war program, the foundry in- 
creased its operating facilities, as in- 
dicated by the black line. 








Averaging the tonnage over the 
eleven years results in 620 tons. 






Rather a poor basis when the foun 





dry has a capacity for 1,000 tons. 






If we average the tonnage over 





the five war years we arrive at 875 





tons. After the stress of war produc- 





tion, the foundry could not be ex- 
pected to operate at that per cent of 







capacity, so we would be more sen- 





sible to set the normal or standard 
something as shown by the °46 col- 
umn. If tonnage is used as a basis 
for establishing normal costs, then 
there must be uniformity in the class 
of castings produced. 

Dependable normal costs can be 
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determined only on the basis of the 
company’s capacity to produce with 
the present operating facilities. Past 
records must be used only as a guide 
in establishing fair and reasonable 
costs to be applied to the present 
potential capacity of the foundry. In 
other words, there are certain items 
of cost that can best be determined 
by reference to past records in order 
to establish ratios of actual expenses 
of different characteristics to the vol- 
ume of work performed. 

There is a simple yet effective 
way to establish normal operation 
for a small jobbing foundry. The 
same procedure can be used in larger 
foundries because the costing prob- 
lems of the large foundry, serving 
the same kind of customers, are the 
same as the small foundry. This 
procedure may also be used in steel, 
malleable and non-ferrous foundries. 

The building is first laid out into 
departments representing the nature 
of work in each as shown in Fig. 6. 


The floor area is determined for 
each department and_ subdivision. 





This area serves as a basis for de- 


partmentalizing : 

Depreciation on Buildings, 

Taxes on Buildings, 

Insurance on Buildings, 

Repairs on Buildings, 

Heating Cost, 

Lighting Cost. 

Each department is_ then 
“manned,” assigning to each a suffi- 
cient number of employes to utilize 
the area and equipment to capacity 
for the regular established working 
hours in the day. 

The utility value of each depart- 
ment and subdivision is determined 
and used as a basis for allocating: 

Depreciation on Equipment, 

Taxes on Equipment, 

Insurance on Equipment, 

Interest on Investment (a return 
on invested capital applied on the 
estimate sheet as a form of profit). 

Having thus established the physi- 
cal capacity to produce under pres- 
ent operating conditions, cost sheets 
are prepared for each department 
and subdivision of a department. 
As molding is the principle operation 
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Fig. 6—Layout of | 


in a foundry, it is m 
the capacities of the ot! 
ments and. subdivisions b 
proportion to it. 

The author recommen 
review the subject as coy 
March, 1937, issue of 


under the title of Comn 6 
Cost Estimating. There yx fin 
a complete and compreh: X- 


planation of the method of estab. 
lishment of this dependal basis 
for calculating costs of individy, 
jobs. 

Equally in importance to th: 
tablishment of the physical and y» 
connel capacity of the foundry 
forecasting of the normal workin 
hours for each unit of production 

Table 1 shows the method thy 
writer used in another industry 
forecast normal hours of production 

There are 365 days in the calen 
dar year; 52 Sundays; 6 legal Holi. 
days; 52 Saturdays. We also antici- 
pate that a two-week vacation allow 
ance will be in order. 

Taking these losses of working 
time into consideration there re- 
mains 243 days for actual produ 
tion. Believing that industry will » 
on an eight-hour day, there will be 
1,944 available working hours for 
each producer and other individuals 

It is not possible to utilize the 
producing facilities 100 per cent of 
the time so an adjustment must b 
made to allow for unavoidable down 
time. The figures are used to illus- 
trate the principle and must not be 
accepted in your plant without 
proper study of your own activities 
and expectations. 





Table 1 


NorMaL Work Days ANnpD Hovrs 
OF PRODUCTION 
Days in one year 

Less—Sundays D2 
Holidays (Legal) t 
Saturdays 32 
Vacations 
Working days in a year 24 

Working hours per day 

Working hours per year. 
Working Efficiency, \ 


Hours per cent How 
First shift .... 1944 90 179 


Second shift.. 1944 85 1652 
Third shift.... 1944 80 1555 
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me ESTIMATE SHEET 
BASIS FOR ESTIMATING WEIGHT IN MOLD 30.000 
| PREPARED by —___________________arte LESS GATES & SPRUES IO ,OOOJLABORIOVERHEAD 
| SHIFTS owe A ‘ 6 Tae E S002 S ASTIN £0,000 
} | HOURS METAL COST $ 360, VARIABLE] FIXED 
‘PRODUCTION COST uss G&S mimeTeD §=__1 00) $ 260 
VARIABLE PRODUCING COST 
LABOR MELTING 36 38/8 6 
EXPENSES CORE MAKING 90 120 60 
TOTAL MOLDING 250} 240 100) 
. FIRED CLEANING 32 25 8 
U} TOTAL PRODUCING COST 408; 423 174) 
pag tl RETURNS $79 
V |S ELLING COST LESS REMELT VALUE 13 66 
O ADMINISTRATIVE 
~“ITOTAL COST SELLING COST 5% 50 
OlUSE OF CAPITAL TOTAL COST 1,381 
PROFIT 
1O gg ee SOO ee _ - NORMAL: INTEREST (C€ S%e OF INV. CAPITAL ) 72 
Cr) OPERATING ( 10% OF PRODUCING COST ) 138 
A Teer — OC a A |ISELLING PRICE 
) ESTIMATED 1,59! 
(0 oeP*Ts—_____ FAO. _ CON. meet Nemec aoe a —/ COMPETITIVE eee 
































Fig. 7 








Form of table for cost estimating. 




















Fig. 8—Cost estimate in Case No. 1 (see text). 



















































































































































CST) BATE B2HEE TFT Ca age yy as Se EE hy 

WEIGHT IN MOLD 30,000 WEIGHT IN MOLD 30,000 

LESS GATES & SPRUES 1O,OOO}LABOR| OVERHEAD LESS GATES & SPRUES \O,OOOJLABORIOVERHEAD 

GOOD CASTINGS 20,000 GOOD CASTINGS 20 ,0OO 

METAL COST $ 360 VARIABLE] FIXED METAL COST $ 360 VARIABLE} FIKE DO 

Less G&S REMELTED 100 60 Less G&S nemecteo _ 100) $ 260 
PRODUCING COST PRODUCING COST 

MELTING 36 38/$ 6 MELTING 36 38/8 -6 

CORE MAKING 90 120 60 CORE MAKING 90 120 -6e, 

MOLDING 250| 240/100 mou pine o_O) _ ee 

CLEANING 32 25 8 CLEANING 22 = = 

TOTAL PRODUCING COST 408/$ 423)\§ 174 

TOTAL PRODUCING COST $ 408/$ 423/$ 174) IprtuRNs 
RETURNS $79 77 

LESS REMELT VALUE 13 $ 66 ae ee 13; §_ 66 
SELLING COST 5% $ SELLING COST $ +e 
TOTAL COST WIS'}] ITOTAL COST $ 1,381 
PROFIT PROFIT 

WORMAL INTEREST ( 5% OF INV. CAPITAL ) § 72 NORMAL INTEREST ( 5% OF INV. CAPITAL ) $ se 

OPERATING C 10% OF PRODUCING COST ) +36) OPERATING (10% OF PRODUCING COST ) +36) 
SELLING PRICE SELLING PRICE 

ESTIMATED $1,591 ESTIMATED 1,591 

COMPETITIVE 1,300 COMPETITIVE 1,000 









































Fig. 9 





Figure 7 shows a simple way to 
et up a table for use in estimating. 
[hese are loose sheets arranged in 
iultiple ring binder in such a 


manner that the unit costs of the 


arious Classes of expenses may be 
uickly found when needed in mak- 
estimates. The form is self ex- 
itory. 
Now that we have covered the 
important principles involved 
stablishing normal costs, let us 
iow they apply to the establish- 














Cost est.mate in Case No. 2 (see text). Fig. 10—Cost estimate in Case No. 3 (see text). 





ment of a selling policy for an ind.- Let us now consider three sep- 

vidual casting. arate types of competition which 
Figure 8 is an estimate sheet will be met in the future: 

showing the various elements ol Case No. |—-Competitive _ selling 

costs and profits necessary to con- price at approximate ceiling, 

sider in estimating the selling price. Case No. 2—-Competitive _ selling 

This represents the cost of the com- price under ceiling, 

plete job. However, the amounts of Case No. 3—Keen competition 

the various items could be shown as Anxious for business. 

so much per piece or so much per In Case No. | (Fig. 8) we have 

pound to suit the convenience and established a_ selling price at 

desire of the foundryman. $1,591.00 which covers all the cost 
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plus 5 per cent return in the invested 
capital used in producing this par- 
ticular casting, and 10 per cent of 
producing or conversion cost. The 
estimated selling price being under 
that of our competitor, we would, 
of course, accept the business. 

In Case No. 2 (Fig. 9) a compet- 
ing company enters the market with 
a price of $1,300.00, which is 
$291.00 under the estimated selling 
price. By using this form of estimate 
sheet, with dependable cost data en- 
tered thereon, the foundryman is 
now in a position to ascertain what 
concessions in price should be made 
in case he is interested in bidding 
on this type of borderline business. 
He starts to cross out the items that 
he wishes to eliminate, as indicated 
by the lines across the figures shown 
in the last column. 


He finds that he recovers all the 
metal, direct labor, variable over- 
head, and most of the fixed over- 
head. So, if he is operating below 
normal he would probably accept 
the business. However, if he is oper- 
ating at normal he would be wise to 
refuse the work. 


When operating below normal, as 
in Case No. 3 (Fig. 10), a foundry- 
man is so anxious to secure business 
that he will bid far below the ceiling 
price established by law or any com- 
petitor’s price. 

This puts the foundryman in a 
precarious position for without a de- 
pendable cost system that will allow 
him to analyze the situation ac- 
curately and carefully, he may 
ignorantly commit the company to 
sales contracts that would not only 
pass along to the customer all the 
profit and fixed expenses, but some 
“out of pocket” money as well. 


We assume that the competitor, 
either by pure guess work, or by 
computing his estimated sales prices 
by means of ineffective costing meth- 
ods, thinks the price of $1,000.00 
will recover all out of pocket money 
and some additional money to help 
pay for fixed expenses. 


Observing the crossed out figures 
on the estimate sheet we naturally 
conclude that the foundryman with 
the dependable costing system would 
refuse to accept the business as he 
not only gives away all his profit 
and fixed expenses but also a portion 
of the variable expenses. This is just 





like borrowing money from the bank 
and giving it to the customer. 


DISCUSSION 


Chairman: R. L. Lee, Grede Foun- 
dries, Inc., Milwaukee. 

Co-Chairman: L. M. NEsSELBUSH, 
Falcon Bronze Co., Youngstown, Ohio. 

J. F. Foran’: In your discussion you 
took no account of foundry losses. Do you 
think the percentage of losses should be 
included in your cost? 

Mr. Grover: It was shown on one of 
these estimate sheets, Fig. 10. 

Mr. Foran: Will you amplify the 
item, selling cost 5 per cent? 

Mr. Grover: The 5 per cent is de- 
termined by dividing the selling expenses 
by the conversion cost to get that per- 
centage. 

CHAIRMAN LeEE: Whatever the rela- 
tionship in your plant might be to sell- 
ing cost. ‘ 

Mr. Grover: Some companies are in- 
clined to use total costs as a basis for 
establistsing these percentages. These be- 
ing terrific variances in material costs 
makes it a very dangerous thing to do. 
That would be particularly true in non- 
ferrous foundries where a wide spread 
of material cost prevails. In fact found- 
ries are selling their ability to convert 
material into shapes, sizes, and texture 
required by their customers. 

C. B. Trspetrs’?: Where is your ad- 
ministration costs? 

Mr. Grover: Administration cost is 
included in management expenses. 

Mr. Tissetts: Distributed against 
time? 

Mr. Grover: Yes, as a part of Per- 
sonnel Expenses shown in Fig. 2. 

Tuomas Lee’: It would appear from 
the illustrations that you allocate all your 
overhead in proportion to your “direct 
labor.” That is a principle which we in 
Great Britain are striving to eradicate. 
We maintain that only part of overhead 
should be allocated to “direct labor,’ and 
the remainder should be allocated on a 
“weight” basis. In a jobbing foundry 
many of the castings produced have a 
widely separated labor/weight ratio. 

If for instance you get a run of 10-ton 
flywheels in one period it is likely the 
total weight produced in the period will 
exceed the average, although the labor 
force may be less, and therefore over- 
head would be under-recovered. In the 
next period you may be having to fill 
your foundry with intricate cored cast- 
ings like cylinder heads, with a conse- 
quent increase in the labor force, accom- 
panied by a diminution of the total 
weight produced and overhead would 
be over-recovered. 

Thus the costs of cheap castings would 
be too low, and the dear castings would 
be too high. Further, the use of very ex- 
pensive equipment in the way of electric 
cranes, and other lifting and handling 
plant, is much more closely related to 


: Somn, Papatry & Manufacturing Co., Flem- 

ington, N. J. 
Los Angeles Steel Casting Co., Los Angeles. 
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England. 
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the weight of the product ¢} he 
direct labor required. 7 

Mr. Grover: I assume , = 
Fig. 7 showing the outline ee 
iron foundry. The center sect ; 
illustrative building houses m, . 
No. | and cleaning operations rmed 
by grinding, chipping, brushing 1 sand 
blasting. The side sections a voted 
to operations not requiring ; } 
dling. . 

CHAIRMAN Lee: That wou! the 
5-ton flywheel. 

Mr. Grover: They could handle thos, 
flywheels only in the center section with 
crane facilities. 

CHARMAN Lee: The cylinder heads 
you were talking about are probably 
made on floors with crane facilities 

Mr. Grover: We hear much about 
the heavy foundry and light foundry. | 
have never been able to establish a lin. 
of demarkation. 


CHAIRMAN Lee: It all depends on 
what you call “light.” 

Memeer: If there is very little work 
going in your center floor, are you going 
to ignore your capital expense in esti- 


mating your side floors? 

Mr. Grover: That brings up a very 
important point. If we are going to estab- 
lish our selling prices on normal costs, 
then if we do not run any of these de- 
partments to normal capacity, we have an 
idle expense which the customer wil! not 
usually pay for. 

CHAIRMAN LEE: Mr. Grover referred 
to obsolescence and depreciation through 
use. If your large floor is remaining idle, 
you are having obsolescence going on al! 
the time even though you are not wear- 
ing out the machinery. 

MEMBER: Are you going to ignore 
that total obsolescence? 

Mr. Grover: I recommend measur- 
ing that obsolescence. 

CHAIRMAN Lee: Well, suppose that 
you are building an entirely new build- 
ing and you expect to get work that 
would be made on a certain floor and 
work made on another floor, and you 
spent $10,000 on the one and $50,000 
on the other and you never got orders 
for normal operation. Would it be fair 
to charge full depreciation just because 
you were foolish enough to build that’ 

Mempser: That is hypothetical 

CHAIRMAN LEE: That is a little ex- 
treme but it happens all the time 

Tuomas Lee: Even in the side floors 
you may have a run making uncored 
small flywheels on the machines, with 4 
resulting high tonnage output, and yel 
only use the same labor as in the next 
period when you might be making thin 
shell castings, with a resuJting low ton- 
nage output. 

It is, therefore, important, whatever 
the class of castings being produced, 
either jobbing or repetition work, to di- 
vide overhead between “direct labor 
and “weight.” 

Mr. NeEsseELBusH: That goes back to 
the theory that you are not selling gr) 
iron, you are selling hours of !abor tr 
gardless of what you produce. I! you arr 
producing an ounce casting, you have 
get your money back. If you are pro 
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a 500-Ib. casting, you still have 

our meney back, and it is what 

vill produce that is going to give 

ou so the only thing that you 

ng is the labor that is involved 

ng either an ounce or a 500-lb 
cast 

MemBerR: You charge melting as a 

on direct labor according to your 
tions. I believe Mr. Nesselbush 
rather apply that melting labor as 
n on material. Am I right? 
NESSELBUSH: Melting is a labor 
on the average cost per pound, 
on the equipment and the labor 
department. 
eMBER: Would you apply that di- 
to the material and not to the 
labor? 
NESSELBUSH: No, that has noth- 
do with material. It costs, let us 
say, cents per lb. to pay for your 
fuel oil, gas, coke, supplies, the invest- 
ment in furnaces, the floor space you are 
ising, and the taxes, all those amount- 
ing to 1% cents per lb. That has noth- 
ng to do with material. That is a direct 
conversion of material into the molten 
state. Now that same expense he wants 
to take off in productive labor for mold- 
ing, coremaking. 

Mr. Grover: That is right. 

MemBerR: I notice that you have di- 
rect labor in cleaning. 

Mr. Grover: Any labor spent in ac- 
tually cleaning a casting may be consid- 
ered direct. It is certainly dangerous in 
a foundry where you have such terrific 
differences in labor cost per lb. to ignore 
that fact 


CHAIRMAN Lee: In one of our shops 
we make these flywheels and we make 
cylinder blocks. We may have a fly- 
wheel that weighs 100 Ib. on which the 
cleaning cost is $1. On a cylinder block 


the cleaning cost is approximately $24. 


Now there is a lot of difference between 
$1 and $24. 

Memeer: I say that the time to estab- 
lish the cleaning price on your casting is 
when you take the job the first time 
and to my mind, it makes no difference 
whether it is one order or a multiple 
order. When that job comes in and if 
you establish a grinding price based on 
the time taken, the next time the job 
comes in you know what the price is. In 
that way you can apply direct cleaning 
cost. It will take a little record keeping 
but it is well worth while. 

CHAIRMAN Lee: That goes back to 
taking an average. You do not have an 
average foundry. You have to consider 
the individual plant. 

E. W. Ovsen*: How do you arrive at 
the amount of overhead direct labor 
should carry? Your overhead can eat up 
the profits, can it not? 

Mr. Grover: We covered that in the 
explanation of Fig. 3 showing variable 
expenses. 

CHAIRMAN Lee: You generalize it. 
You have all of your charges which go 
against that particular department and 
as a matter of expediency, you say that 
your overhead is 100 per cent of your 
direct labor. That is the easy method to 
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use but Mr. Grover does not advocate 
that. 

In a given period, in the molding de 
partment, for instance, you spend $10,- 
000 for direct molding labor and you 
spend $10,000 in overhead expense, then 
your overhead is 100 per cent of your 
direct labor. There again you are using 
averages. 

Member: I take it that you are in 
terested in arriving at your normal cost 
But in this discussion about production 
changes, from heavy castings to light 
castings, suppose that you had a foundry 
that happened to be set up without side 
floors and your product is such that you 
do not have much heavy work or wear 
and tear on cranes. Would you, in setting 
up your cost system, attempt to break 
something like that down to a point 
where you charge a variable deprecia- 
tion? 

Mr. Grover: I do not think it would 
be wise to go out and try to get busi- 
ness and charge the operation of a crane 
against some small work that does not 
require the crane operation in compe- 
tition with the man who does not have 
that crane work. 

MEMBER: But you have it there. My 
company is making castings and they do 
not have a great deal of selection as to 
whether or not they are going to make 
heavy castings. I was interested not so 
much in the selling or profit standpoint 
as in the standpoint of setting up the 
cost originally. 

Mr. Grover: I do not put it on the 
weight of the casting. The depreciation 
is all upon the life of that particular 
equipment. 



































Fig. 1—Overhead cor 
ing rejected cylinder b 
ing department | 


t Cast iron repair welding ha; 

become an important part of 
foundry production operations 
and should be treated accord. 
ingly, every effort being made to 
develop its applications. Modern 
welding procedures, equipment, 
and materials have solved many 
problems of gray cast iron re. 
pair. The fabrication of cast 
iron by welding has tremendous 
possibilities. Cast iron weld. 
ments may be produced at « 
considerable saving in pattern, 
molding and core casts. Future 
developments depend largely 
upon cooperation of foundries 
in exchanging ideas and bring. 
ing problems to group discussion. 


PRACTICAL APPLICATION OF 
CAST IRON WELD REPAIR 
METHODS 


W. J. Pfander 
Ford Motor Co. 
Dearborn, Mich. 


SOME YEARS AGO the welding 
of cast iron was considered 
tical to the extent that its use as 
repair tool was not ope! 
mitted in the better foundry circles 
Early results left much to be desired 
in quality and performance, and th 
causes of the difficulties enc: 


were not too generally understoo 


nter 


Progress in the welding 
iron was thus retarded and not 4 
great deal of scientific dev: 
was achieved until relativ: 
years. Today cast iron being 


Fig. 2 View of gas-fired 
type furnace showing pr: 
and postheat entra? 
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Preheat from en- 


end of 


passage 
furnace showing the 


ungement of the burners. 





with 


a quite vt nerally satis- 
results. All limitations have 
been overcome but extensive 


ss has been made as a result 


he increase in application of 
ng processes to cast iron. 
lding of a material possessing 
hemical and physical properties 
st iron poses difficult metallur- 
problems that can be solved 
with the application of metal- 
cal knowledge and investiga 
Che changes in structure and 
which result 


ences in volume 


heating this material above the 
il temperature and subsequent 
ng can be disastrous if not prop- 
understood and controlled. 

the early days, foundries at- 
pting this work would put a man 
the darkest and dirtiest corner of 
foundry or machine shop and 

him the important job of re 


ing castings. Then they would 


nder why the results were not 
factory. At the company with 
h the author is associated this 


re work is considered an impor- 
part of production operations 
as a consequence, an attempt 
ade to do the job correctly and 
ler the most favorable conditions. 
1932, when production of 
8” cylinder blocks was started, 


losses encountered made it nec- 


sary that some means be found, in 


welding, to 
Up to this 
welding had 


acetylene 
ge these castings 
little electric arc 


used for cast iron work because 


the hardriess encountered, the dif- 


ilty in getting a homogenous de- 
and non-color matching. 
\bout this time a rod was devel- 
d consisting of about 50 per cent 
el, 30 per cent copper and 20 
cent steel, which proved to be 
filling 
vs and defects in areas which did 
require machining after welding. 
deposit made by this rod could 


satisfactory for small 


+—Preheat entrance of furnace 
ing sliding plates which lock on 
the rails and support block 

























flush with the casting 


matched the 


be ground 


surtace and color ol 
the cast iron. 

In the following years, increasing 
production schedules made it neces- 
sary to devise ways and means olf 
handling larger quantities of castings 
and at the same time apply adequate 
scientific control. This was accom- 
plished by careful consideration of 
all the metallurgical factors involved 


in the application of the different 







































welding processes and how to best 


control them in production practices 
It is the purpose of this paper to 


demonstrate this company’s present 


methods for making weld repairs 
and to disclose some of the prob- 
lems encountered Many foundry- 
men have had similar experiences 
and will find it interesting to com- 


pare their procedures with those dis- 
cussed in the present pape 
welding 


[wo processes are em 






























ployed in this company’s production 
foundry—oxyacetylene and metallic 
arc. Metal spray, while not a weld- 
ing process, comes under the juris- 
diction of the welding department 
and is being used in a_ limited 
amount of repair work. 

The oxyacetylene welding process 
is the most generally used, and about 
85 per cent of the welding is done 
by this method. It is used with two 
procedures, one which requires a 
furnace preheat and postheat and 
one in which local preheating is 
done with the torch, known as cold 
welding. 

Acetylene Welding with Furnace 





Preheat and Postheat. This pro- 
cedure is used on large castings 
where it is necessary to make re- 
pairs in areas that are restricted by 
the surrounding metal in their abil- 
ity to contract and expand; e.g., 
cylinder block walls, intake port in- 
teriors, etc. Furnace preheating in 
repairs of this nature causes the en- 
tire casting to expand and, therefore, 
there is no excess concentration of 
stress at the area being welded. 
Postheating allows the casting to 
cool evenly so that the highly heated 
areas immediately adjacent to the 
weld will have a chance to become 
almost even in temperature with the 
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Fig. 5—Dirt defect in 
cylinder block before an 


pair. Furnace oxyacet) 


rest of the casting, thereb 
ing excessive stresses cau n. d 
even contraction. . 

Preheat temperature j t] 
1100 F or just under ¢| tical ' 
temperature, and a suffici: 1k. t 
ing time is allowed, depend ipon 
the mass of the casting, to insyp 
even distribution of tem tur tl 
Welding is started at this tempera- n 
ture and completed as qu P 
possible; in any case, before th: 1] 
temperature falls below 700 F. Th, wl 
casting is then postheated by raising ca: 
its temperature to 1050 F and slowly 
cooled to a maximum of 550 F be. de 
fore being cooled in air to room lea 
temperature. sid 

Efficient Handling 

Cylinder blocks constitute a larg 
portion of the tonnage in this 
foundry and, as production may 
reach 6,000 blocks per day, it was 
found necessary to install an eff- 


cient setup for handling the per- 
centage of these castings that must 
be repair welded. 
Shot blasting of the cylinder 
blocks is done on the floor above 
the foundry level, and they descend 
on a gravity conveyor to the chip- 
ping and inspection line. Here fins pwr 
and excess metal are removed by ait e 


chipping hammers and inspection J — 
made for defective blocks. 

Inspectors mark for repair blocks 
having the following defects: sur “ei 
face inclusions of sand or slag, scabs. ae 
cold metal misruns, crushes, cold 


fur 


shuts, cracks, breaking in of gates " 
and chipping breaks. Blocks passed ” 
by inspection move on the conveyor fe 
to the hydrostatic test stand and are ths 
tested at 60-lb. water pressure, as 
where leaky blocks are marked for 
repair. i 
Blocks which pass the water test i" 
then enter the machine shop, while 
all rejected blocks are placed on an ' 
overhead conveyor which carries 7 
them to the welding department * 
(Fig. 1). Here they are again in- : 


spected, marked and separated fo 
furnace repair, cold welding, me 


Fig. 6—Scab defect in cylind: block 
before and afte r repair. Furnace 
oxyacetylene weld. 
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arc welding, or metal spray. 





various repair departments are 
ed close to the inspection area 
the blocks are moved to the 
er departments. 

limits as to type and size of 









ct it is permissible to repair are 






the body or structure around 
defect must be to print specifi- 

nm, and that no attempt be made 
epair a defect which cannot be 
erly welded. The method of re- 

is governed by the location on 
the casting, the thickness of the 
metal, and other considerations con- 
nt with good welding practice 
with welding specifications 















which cover all the more complex 
istings. 

Furnace repair blocks are carried 
down a roller-type conveyor which 
leads to the entrance of the preheat 

le of the furnace (Fig. 2). This 












Fig. 7—Misrun in cylinder block casting before 


and after repair. Furnace oxyacetylene u eld. 

























r- 
st Fig. 9—Form for recording repairs. Isometrte 
\ 4 drawing of cylinder block casting. Various 
er ‘ repair areas shown by shaded sections. 
' 8 
3) 
d 
x e 5 Fig. 8—Dirt defect at bore shoulder before and 
_ after repair. Furnace oxyace tylene weld. 
ir 
n WELOING DEPT. 
- furnace is a gas-fired pusher type 
: using a mixture of propane and coal 
" gas from the plant coke manufactur- 
d 


ing operations. 
It consists of two heating pas- 
ges, the preheat and postheat sides 
which extend parallel to each other 
throughout the length of the fur- 
nace. Each passage is 3 ft. high, 
2'% ft. wide and 40 ft. long. Burn- 
ers consist of 2 in. diameter tubing 
with orifice holes drilled along the 
top of the 18-ft. lengths. 
Six of these burner tubes (18-ft. 
igths) are mounted horizontally 
d lenghtwise in the preheat side 
three at the entrance end and 
ree at the exit end. They are 
unted just below the level of the 
ls on which the blocks slide, one 
tween the rails and one on each 
le. In addition to these tube- 
e burners, there are two inspira- 
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tor-type burners mounted in the top 
of the furnace at the exit end of the 
preheat side. 

The postheat side has two inspira- 
tor type burners and three burner 
tubes (14-ft. lengths) at the en- 
trance end only (Fig. 3). The gas 
mixture is supplied to the burner 
tubes without previous mixture of 
air, and combustion depends upon 
the air present in the furnace. This 
is controlled by means of draft doors 
running the length of the furnace 
on both the preheat and postheat 
sides. 

Regulation of these draft doors 
provides temperature control at vari- 
ous points in the furnace. The flame 
produced by the tube-type burner, 
while it plays directly on the block, 
is on the reducing side and has a 
tendency to spread as it leaves the 
burner orifice, thus producing a uni- 
form heat distribution throughout 


the block. 
Direct Heating Satisfactory 


Experience with other types of 
furnaces in which the heat is sup- 
plied indirectly has proved the di- 
rect heating arrangement to be most 
satisfactory, especially in the post- 
heat where the welding area is at a 
much higher temperature than the 
remainder of the casting and it is 
necessary to equalize the tempera- 
tures as quickly as possible to prevent 
cracking. 

Sliding plates or shoes which lock 
on the rails are placed in position 
and the block is placed on top of 
them (Fig. 4). The block is then 
pushed into the furnace by a hydrau- 
lic ram. This automatically ejects 
a block at the exit end at full pre- 
heat temperature of 1050 F and 
ready for welding. Length of the 
passage will accommodate nineteen 
“V-8" blocks, but it is not necessary 
to have the furnace full to eject a 
block at the exit end as the shoes 
take the pushing load. 

If a block is ready for exit and 
another is not available to go into 
the entrance end, then the required 
number of shoes is placed on the 
rails and pushed into the furnace. 
The ejected block is immediately 
picked up by electric hoist and 
placed on the welder’s table. 

Asbestos boards are placed in posi- 
tion around the block to prevent 
rapid or uneven cooling and the 
welding operation begun immedi- 





ately. Preparation is done with the 
oxyacetylene torch using a neutral 
flame. Complete dirt and slag re- 
moval is assured as the operators 
have developed a great deal of skill 
in judging when the area is clean 
by observing the color of the flame. 

A No. 20 welding torch and a 
No. 7 or 8 copper tip with the flame 
adjusted to neutral is used for weld- 
ing. The torch is applied to a gen- 
erous area around the defect to fur- 
ther minimize any abrupt tempera- 
ture differential in the block and the 
defective area is brought up to weld- 
ing heat. 

The rod is heated, dipped in flux 
and applied to the desired spot. The 
rod is maintained at a higher tem- 
perature than the base material by 
concentrating the flame on it and 
allowing only enough heat to strike 
the base metal to keep it at welding 
temperature. This procedure helps 
to prevent hard spots which might 
be formed by allowing the cold rod 
to more or less quench the area. 

The rod is held with its molten 
end in contact with the base metal, 
and as the rod flows into the weld 
it is allowed to build up and puddle 
until a sufficient amount has been 
deposited. The torch is then used to 
smooth the weld deposit and heat 
the general area before the block is 
returned to the furnace (Figs. 5, 6, 
7 and 8). 


Rod Specifications 

Welds are made as quickly as pos- 
sible to minimize the burning out of 
carbon and silicon and to return the 
block to the furnace before it cools 
to 700 F. The 5/16-in. diameter 
rod is cast in the company foundry 
to the specification: 


Element Per Cent 
Carbon $.35-3.55 
Silicon 2.60—3.00 
Phosphorus 0.40—0.60 
Manganese 0.60 

Sulphur 0.10 max. 


This rod gives a relatively soft de- 
posit ranging from 150 to 225 Vick- 
ers Brinell. The flux used is made 
in the company plant to the follow- 
ing composition : 


Component Per Cent 
Boric acid 41% 
Soda ash 41% 
Ammonia sulphate : 2 
Powdered iron .. siees Pa 


Upon completion of the weld, the 
block is returned to the furnace and 
pushed through by the same proce- 
dure used on the preheat side. After 
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exit from the furnace, 

and placed on a conveyor . 
ries it to a water test set ie 
welding department, and | 
it arrives there it is al) 
temperature. 

After water test the blo , 
through all phases of ins; be. 
fore being released to th indn 
machine shop. This pr 
followed on all welded 
matter what type of repai d has 
been made. 


Repair Areas Recorded 

Records of the location and fre. 
quency of repair areas are kept by 
the use of forms having an isomet 
ric drawing of the cylinder blocks 
with the various repair areas shaded 
and listed at the bottom of the shee 
(Fig. 9). Compilation of these forms 
immediately shows the frequency of 
repair for the various areas and 
whether corrective measures are nec- 
essary in the foundry. 

Cold Welding. This type of re 
pair is applied sparingly io rough 
and rough-machined castings wher 
there is no danger of affecting criti- 
cal areas. It is confined to such 
places where expansion and contrac- 
tion are not restricted; e.g., rough- 
machined surfaces which fail to 
clean up are welded by this method, 
while defects through water jackets 
are welded only with a furnace pre- 
heat. 

Local preheating with the torch is 
applied in this type of welding and 
care is exercised to insure an even 
graduation of heat from the defect 
to the coolest sections of the casting 
This is done by rotating the torch 
around the defect with decreasing 
radii of motion. The welding pro- 
cedure after preheat is the same as 
is followed in furnace welding with 
the exception that the casting is al- 
lowed to cool in air instead of going 
through the furnace postheat (Figs 
10 and 11). : 


Minor Defect Repairs 

Metallic Arc Welding. Metall 
arc welding is used mainly on semi- 
finished blocks. Low areas, to 4 
maximum of 1'4-sq. in., which fail 
to clean up during machining. and 
small defects that do not go com- 
pletely through the wall thickness, as 
well as cracks and broken locating 
lugs, are repaired by this procedure 
All defects are prepared by grinding, 
drilling or chipping, with the excep- 
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minor welds made for ap- The Sé requirements are well with- 








e only in the limits of the Engineering Bul- 




















ling transformers are com- letin No. 152, Revision 1, dated 

uilt with a capacity of 60-250 Sept. 12, 1944, issued by Office, 

24 volts alternating cur- Chief of Ordnance, Detroit. This 

Alternating current is pre bulletin was compiled through the 

because of its smoother oper- joint efforts of the SAE War Engi- 

t low current values and its neering Board and the Ordnance 

netrating arc. Department 

Four types of welding electrodes Defects to be welded are drilled 

mployed : out to investigate the extent of the 

\ nickel wire which is speci- defect and prepare for the welding 

a minimum of 99 per cent [he drilling is accomplished with 

and used exclusively on the a right angle hand drill adapted for 
diameter of machined cylin- this operation (Fig. 12 

bores The area is preheated with a gas 

\ heavy flux-coated copper- torch to about 150 F and the weld- 

alloy rod, containing about ing done with the nickel electrode 

7 r cent nickel and 30 per cent of g-in. diameter at about 80 am- 





er, which is used as a filler on 







y areas and locations which must : 
ibsequently be machined. GTB- 9425 'NTAKE MANIFOLD 
A nickel-core electrode com- GAS WELD OF SHRINK IN BOSS. 


d of a central core of commer- 








pure nickel (99 per cent) 





ped in a commercially pure 







r sheath which is, in turn, 










} 10 top and boitom) Repair 
hrink on boss of intake mani- 
ld. Oxyacetylene cold weld. 


















f !] Macrosection of boss re- 
pair weld shown in Fig. 10. 














vrapped in a low carbon. steel 


sheath, and the whole flux coated. 






his electrode is used for miscel- 






neous welding where subsequent 






achining is not done. 






\ copper electrode composed 






a commercially pure copper core 






vrapped in a low carbon steel sheath 
ind flux coated. This electrode is LAB 586 i 3 


ised for repair of water jacket leaks 































onjunction with the metal spray. peres, 24 volts. The completed weld 
Vickel Electrode. Cylinder bores is carefully ground with a hand 
which small defects are uncov- grinder until it is about flush with 
ered by the machining operations the surface, then finished flush with 
ire repaired in a special welding a hand lapping tool and finally pol- 
hooth set up in the foundry ma- ished on a production lapping ma- 
hine shop. Arc welding in the bore chine. 
imited to the following condi- Copper Nickel Electrode. Cylin- 
ns der blocks which require building up 
Top inch of bore—no defect in areas which must be machined, 
greater than Yg-in. diameter can be e.g., broken bosses, are ground when 
velded necessary and preheated with a 
Remainder of bore—no defect torch to about 600 F. The preheat- 
greater than %4-in. diameter can be ing is carefully done to insure an 
ed even distribution of heat and the 
No defect extending through weld made with a 5/32-in. diameter 
than one-half the machined Cu-Ni electrode. 






ness of the bore wall is welded. This procedure gives a weld hav- 
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Fig. 12—Drilling out bore def 
cylinder block casting with sp 
adapted angle hand drill 
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\ 

| 

Fig. 13—Small slag or dirt hole in se fie : 
. . { 

water pump housing arc welded with 
\ 
| nickel-core electrode. 


tr 
{ 
I i 
tl , 
ul 
I 
Fig. 14—Photograph of macrosec- 


tion of water pump housing repair 


weld shown in Fig. 13. 
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o hard fusion zone and easily 
{1 and tapped. The deposit 
this electrode will be soft and 
ineable when made _ without 
iting, but the fusion line might 
mewhat hard. In making large 
rs and where machineability is 
critical it is better to preheat 
least 500 or 600 F to counter- 
xpansion and contraction 
es and soften the fusion line 


13 and 14). 


Preheating Small Defects 
all defects uncovered during 
ining are preheated to about 
F and welded with the copper- 
| electrode. When necessary, 
are drilled with a ™%-in. drill 
emove dirt, and the deposit in 
ases is ground or filed flush be- 
machining. 
Due to rough handling, flywheel 
sings which are cast to the “V-8” 
block will occasionally be cracked. 
In this case the crack runs to a free 
edge which must be machined. The 
losed end is drilled beyond the end 
the crack with a %4-in. drill and 
the crack ground to form a “V” 
trench for welding. The area is pre- 
heated to about 500 F and the 
kel-core electrode used to fill the 
The free 


dge is welded with the copper- 


up to the free edge. 


nickel electrode to secure a machine- 

bl deposit Fig. 15). 

Vickel-Core Electrode. The nickel 
ore electrode is used on surfaces 
which do not require machining, 
nd is used without preheat where 
the defects are small and on rela- 
If the defect 


irge and the mass of weld deposit 


ly heavy sections. 


required might cause considerable 
thermal stress, then the area is pre- 
heated 

lf drilling is required to remove 
dirt, a slight preheat generally is 
used. All deposits made with this 
electrode are ground or filed flush 

th the surface. 
Metal Spray Procedure 
Copper-Core Electrode. The cop- 
r-core electrode is used in the 
metal spray procedure along with 
the nickel-core electrode. This pro- 
cedure is confined to those areas 
which are not machined and can be 
satisfactorily shot blasted, such as 
water jacket walls. 

yeepers or leaks which would re- 

re mechanical plugging are re- 


paired by this method. Its advan- 
tage lies in the fact that it covers a 
much greater area than that covered 
A leaking type of de- 


fect usually is associated with spongy 


by plugging 


metal and plugging does not assur 
that new leaks will not develop in 
the adjacent area 

Seeping locations are either 
ground or drilled with a 7/32-in 
diameter drill until a clean cavity 
is assured (Fig. 16 A gas torch is 
employed for preheating to about 
150 F and an '-in. diameter cop- 
per-core electrode is used to make 
a deposit in the bottom of the prepa 
ration. This electrode gives a dense. 
defect-free, water-tight deposit, ef- 
fectively sealing openings. 

An ‘-in. diameter nickel-core 
electrode is then deposited to fill the 
preparation and give a color-match- 
ing repair. The deposit is then 
ground flush with the surface and 
the whole area is shotblasted (Fig. 
17). The sprayed metal requires a 
rough surface for adherence as it 
bonds mechanically to the base 
metal. 

Size G-16 grit is used in the blast- 
ing operation and provides a satis- 
factory surface with sharp, angular 
metal. 


A generous area around the defect 


indentations into the base 


is blasted to insure good coverage. 
Spraying Two Metals 
It is 


metals on the area. 


necessary to 
The first is of 
commercially pure 0.090-in. diam- 


spray two 


eter copper wire sprayed to a 
thickness of 0.010 
in. This is followed by a coat of 


approximately 


0.090-in. diameter low carbon steel 
wire sprayed on the copper to 
about 0.005-in. thickness. The cop- 
per provides a good bond to the 
base metal and the steel gives an 
acceptable color match to the cast- 
ing (Figs. 18 and 19). 

Water pressure testing, after re- 
pair is completed, seldom results in 
rejection of the casting. 

All of the aforementioned weld- 
ing procedures, with the exception 
of the metal spray, are applicable 
to any of the gray iron castings pro- 
duced in this foundry. 
on welding are determined by the 
design and the use for 


Restrictions 


casting 
which it is intended; e.g., cylinder 
heads due to their flat shape and 
stressed condition may not be 
welded beyond 1'-in. from each 
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end unless they are furnace pre- 


1100 F. 


Preheating is done in an open 


heated to temperature of 


furnace in which the castings are 
placed on racks located above an 
open gas flame. This type of cast- 
ing is easily warped with a local- 
heat. 


chambers in cylinder heads are not 


ized = welding Combustion 
welded as the operating conditions 


in this area are severe. 


Severe Stress Conditions 
Operating conditions of the part 
under consideration for weld re- 
investigated 


is attempted. 


pair should be well 
before any welding 
If these conditions are so severe 
that any variation in hardness ot 
structure is liable to result in failure, 
then welding is prohibited. 

If it is considered necessary to 
weld in an area of severe operating 
stress, then breakdown tests should 
be made to determine the effect on 
part life. Welding in this applica- 
tion is best done using the oxy- 


acetylene method with properly 
applied preheat and postheat. 
Extent and location of the defect 
are also factors which determine 
the welding procedure to be used. 
14-in. 


Generally, small defects of 


diameter in areas not requiring 
metallic are 
A slightly 


require pre- 


machining can be 
welded without preheat. 
defect might 
heating to offset 


larger 
thermal stresses. 


A large defect in the same area 


might require a high preheat and 
postheat as well. 


Areas requiring machining should 
welded 
with the copper-nickel alloy rod. 
Extent of the defect and accessibility 
determine the method. 


be gas welded or metallic 


Economy Factor 

In dealing with small castings a 
check on welding costs will some- 
times reveal that it is more econom- 
ical to scrap the pieces. Economy is 
a factor which must be closely 
watched in a large foundry. It is 
convenient to send castings for weld 
repair when a rather large depart- 
ment is available for this operation. 
Therefore, it is necessary for the 
control department to keep a close 
check on all castings sent for weld 
repair and consider them from the 
economy standpoint. 

Today all large and 
small must recognize that welding 


foundries 











Fig. 15 { left above) Cracked fly- 
wheel housing arc welded. Nickel- 
core and copper-nickel electrode 


Fig. 16 left) Grinding ee pas 
area in cylinder block casting 


preparation for metal spray 


Fig. 17—(above) Gritblasting 
and 16 [ 


area shown in Figs. 15 
provide rough surface 


for pra 





rayin 
( »”? prepared 
area This 1s followed 


teel spray 


Fy 19 ( ym pleted 


metal pray repair 


7 he ci [ pray pro- 


vides a ¢ vf 7 match 
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has of necessity become an impor- 
tant part of production operations. 
It should be treated as such and 
every effort made to improve and 
develop its application. 

Economy of the operation is 
largely determined by the investment 
in proper equipment, materials and 
personnel. If it is left to more or 
less shift for itself under a cheap 
and inefficient setup, then the re- 
sults obtained will be correspond- 
ingly cheap and inefficient. Practi- 
cally any gray cast iron welding 
problem can be solved by the use of 
present day welding materials and 
equipment and proper application 


of the various methods. 

An indication of the progress of 
gray iron welding is illustrated by 
its use today in fabricating gray iron 
parts. A certain foundry making 
stove castings found that a particu- 
lar casting was exceedingly expensive 
to make due to its shape and core 
requirements. The solution was 
found by casting in two separate 
sections and metallic arc welding 
them together. 

A copper-nickel alloy electrode 
was used for the job, with one man 
welding 480 assemblies in an 8-hr. 
day. All assemblies are water tested 
after welding and the one per cent 
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of leakers found are easily 


DISCUSSION 


Chairman: E. C. Jeter, } 
Co., Dearborn, Mich. 

Co-Chairman: Joun Crow 
duction Sales Co., New York 

Co-CHAIRMAN Crowe: I 
to ask what method was used 
ing those defects? Was it do 
torch? 

Mr. Pranper: The weld 
with the flame adjusted to nm 
used to remove these defects. | 
cent area was preheated to redu 
and the defective material me}: 
The operator was able to judg 
sufficient amount of defective 
had been removed by observati: 
cavity and the yellow color of the f - 
as it burned out the included dirt 








GRAY CAST IRON SECTION SIZE 
vs. 
PHYSICAL PROPERTIES 





V. A. Crosby 
Metallurgical Engineer 
Climax Molybdenum Co. 

Detroit 


CasT IRON is a complex iron- 
base alloy of much versatility. Due 
principally to its high degree of sen- 
sitivity to variations in alloy addi- 
tions and cooling rates, its properties 
can be modified to meet a wide va- 
riety of uses. Within these ranges 
alloy additions and cooling rates) 
practically every 
known in physical ferrous metal- 


occurs reaction 


lurgy. These reactions account for 
the wide range in physical proper- 
ties possible of attainment, such as 
modulus of elasticity of 4 million to 
26 million; tensile strength of 
15,000 psi to 80,000 psi; hardness 
values of 100 to 600 BHN. 

While all metals and alloys solidify 
as crystals that are influenced by 
rates of cooling, both as to chemical 
and physical heterogeneity, gray 
cast iron, because of the formation 
of graphitic carbon, exhibits this 
heterogeneity to the greatest extent. 
(his apparent disadvantage in the 
realm of cast iron is actually an ad- 
vantage over all the other members 
of the family of metals and alloys, 

r the presence of graphite reduces 
volume shrinkage to a degree not 
present in other ferrous metals or 

loys. Graphite also improves the 

achining characteristics, damping 

‘pacity, and lubrication and anti- 

ction properties. 

he extent of graphitization, grain 

e, structure of the matrix and the 

gree of soundness are factors 

hich determine the strength, hard- 
ss and other engineering proper- 


ties. The properties of cast iron are 
so related to the section in which 
the iron is cast that one should not 
discuss its properties without refer- 
ence to the section under considera 
thick- 


nesses are usually considered indices 


tion. Section sizes or wall 
of rates of cooling; but this may be 
inaccurate because of the influence 
of gate and riser locations on cast- 
ings. Actually the cooling time of a 
given section will depend upon a 
number of conditions, to mention 
only a few: 

1. Initial temperature of the iron. 

2. Conductivity of the mold ma- 
terial. 

3. Metal surface area for dissipa- 
tion of the heat. 

However, these are matters large- 
ly for the foundryman’s considera- 
tion and usually of little concern to 


the designing engineer or to the user 
of castings. 

The engineer is concerned pri- 
marily with the properties of the 
part in the finished condition, and 
he must so state his requirements 
that the desired properties and qual- 
ity are secured. Furthermore, he 
must so choose the material that 
machining and processing from the 
rough casting to the finished part is 
feasible and that quality production 
is maintained without penalty. 

Since, as stated above, cast iron ts 
sensitive to the cooling rate, which 
in general varies with section size 
so that the same composition pro- 
duces widely different properties in 
heavy and light sections, the engi- 
neer finds that the specification of 
chemical composition as a means of 
securing the properties desired is be- 





Tensile Strength, 

As-Cast, 
pst Bar 
21,300 77 
23,800 81 
25,900 89 
Avg. 23,700 (soft iron) ; 82 
32,800 .. 94 
36,300 . 85 


Avg. 34,600 (machinery iron) 90 





Table 1 
VARIATION IN STRENGTH WITH SEcTION Size (ROTHER AND MAzuRIE*) 


l-in. Diameter Bar, 1'y-in 
Diameter 


Percentage of Tensile Strength 
of 1.0-in. Diameter Bar 
2-tn 2Ya-m 3-in 
Diameter Diameter Diameter 
Bar Bar Bar 


72 71 67 
69 61 53 
55 46 


62 55 
75 73 
76 76 


76 75 











* Properties of cast iron are so related to the section in which the 
iron is cast that one should not discuss its properties without refer- 
ence to the section under consideration. This paper presents a re- 
view of the studies of several investigators on the effect of mass 


vs. properties of gray cast iron. 




















Table 2 


VARIATION IN STRENGTH WITH SECTION Size (BoRNSTEIN’) 


Percentage of Tensile Strength 
of 1.2-in. Diameter Bar 








Tensile Strength, Va-in 2-in. 3-in 

1.2-in. Diameter Bar Diameter Diameter Diameter 
{s-Cast, ps Bar Bar Bar 
23 600 122? 65 51 
25,400 107 71 57 
Ave. 24.500 (soft iron 115 68 54 
$5,200 104 69 53 
36,000 104 77 63 
36,900 101 84 66 
Ave. 36,000 (machinery iron) 103 77 61 

Table 3 


VARIATION IN STRENGTH WITH SECTION S1zE (MaAcPHERRAN*) 








Tensile Strength Percentage of Tensile Strength of 1.25-in. Diameter Bar 
1 .25-in 13/16-in 134-10 2Y%-in 2¥%-in t/4-i0n 4-in. 
Diameter Bar, Diameter Diamete Diameter Diameter Diameter Diameter 
4s-Cast, psi Bar Bar Bar Bar Bar Bar 
21,100 154 £0 64 
22 000 77 64 66 68 64 
31,000 86 74 71 63 61 
34,600 122 81 71 
54,000 94 89 87 80 71 
Table 4 


VARIATION IN STRENGTIT WITH SECTION Size or Srx CLasses OF [RONS 


Tensile Strength, per cent* 


34-in 1 l-in 
Diameter Diameter 

Class Bar Bar 

20 100 79 
25 100 81 
30 100 78 
$5 100 83 
40 100 85 
50 100 90 


6-in 
Diameter 
Bar 


60 
73 
71 
68 
80 
79 


2.0-in 
Diameter 
Bar 
53 
72 
67 
66 
67 
70 


44 


*Private communication from Gray Iron Institute (Now Gray Iron Society). 























Table 5 


COMPARATIVE TENSILE VALUES IN PSI. 











Heat - Tensile Strength, per cent-—____—_ 

No. 1.2-in. Diameter 2.0-in. Diameter Difference 

l ; 83,900 60,400 23,500 

2 82,700 64,000 18,700 
58 82,220 76,550 5,730 

3 75,559 65,400 10,150 
68 74,750 72,600 2,150 
64 72,600 59,400 13,200 
62 71,280 55,880 15,400 
67 67,000* 69,550* + 2,550 

5 58,900 53,450 5,450 

}2 55,500 49,600 5,900 
65 . 52,450* 59,450* + 7,COO 
$3 48,700 46,800 1,900 
63 48,400 43,780 4,420 

3] $5,600 43,600 2,000 

4 40,275 40,000 275 

*Exceptions to the general rule 
Table 6 
EFFECT OF MOLYBDENUM ON SECTION SIZE 
——_—————-Section Size, in. ——-— Molybdenum, 

No. 08 1.2 2.2 4.8 per cent 
A Brinell Hardness..... 178 171 166 169 159 0 
B_ Brinell Hardness 185 185 185 185 180 0.35 
C_ Brinell Hardness 193 193 190 193 190 0.64 
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Fig. 1—Measurement 
hardness for different thi 


soft gray tron 


Fig. 2—Measurement 
hardness for different thic} 
high-test gray iror 


Fig. 3—Curves showing relat 

between mass and tensile fy» 

in unalloyed gray iron in 
between 1.2 to 6 in 


Fig. 4—Effect of chromium on hard- 
ness vs. section size in irons cast int s 
telescope castings of analyses and < 
properties shown in Table & oa 
- 
e 
a 
4 
Z 
‘ 
Fig. 5—Effect of increasing nicket 
and section size on physical proper- ' 
ties of cast trons of analyses shown 
below. 
No. 7 No.10 N 
Element Per cent 
TS. 3.26 3.36 3.35 
Si 2.11 1.64 1.08 
Mn .. 0.60 0.60 ).57 
P 0.20 0.23 0.2 os 
S 0.115 0.130 0.14 
Ni 1.03 2.17 )2 


Fig. 6—Relation between tensile 

strength and Brinell hardness i « 

alloyed gray cast iron in 6-in ting 
section. 
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coming outmoded. This is not to 
imply that chemical composition has 
little or no value; but rather to in- 
sist that it is the foundryman’s tool 
for securing the properties desired 
by the engineer. Hence, it is neces- 
sary for the engineer to evaluate and 
specify cast iron by its mechanical 
properties as tested on specimens 
representative of the casting. 


Test Bar Function 

The separately cast test bar 
(ASTM Spec. A-48) evaluates the 
quality of the molten metal ready 
to cast. It is therefore useful to the 
producer as a method of control of 
the molten-metal quality and of 
eliminating “scatter” from that 
cause; but it does not evaluate the 


casting. The engineer’s designing of 


the part to make it sound may have 
more to do with the strength and 
actual serviceability of the casting 
as a unit part than is indicated by 
the test bar physical properties. 

Many investigators have studied 
the effect of mass vs. properties and 
the findings of their work are shown 
in the following tables. The work 
of Rother and Mazurie' is well sum- 
marized and appears in Table 1. 

Bornstein® has also reported some 
carefully conducted tests showing 
the percentage drop in_ tensile 
strength with increase in section 
from % to 3 in. These data are pre- 
sented in Table 2. 

MacPherran’s* data on five grades 
of iron, ranging from 21,000 to 
94,000 psi. in sections 13/16th to 4 
in. indicate less drop in per cent 
with section size in the higher 
strength irons than in the lower ten- 
sile irons. These data are shown in 
Table 3. 

The Gray Iron Founders’ Society* 
has permitted use of data in the Cast 
Metal Handbook which confirms 
MacPherran’s report on sections 
%4ths to 2 in. using six grades of 
irons from 20,000 to 50,000 psi. as 
shown in Table 4. 

MacPherran® has shown some in- 
teresting hardness exploration in 
soft irons and in high-strength irons, 
using sections 14% to 4 in. in thick- 
ness. The curves are shown in Figs. 
1 and 2. 

W. A. Hambley* has shown some 
curves illustrating the relationship 
between mass and tensile properties 
using unalloyed iron. These curves 
for sections 1.2 to 6 in. in thickness 
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are shown in Fig. 3. 

A correlation of tensile properties 
in 1.2-in. and 2-in. test bars is shown 
below in Table 5.’ The departure in 
some cases from the general assump- 
tion that the heavier sections should 
show lower strength is accounted for 
metallurgically on the basis of the 
presence of carbide (hard spots) in 
the smaller sections where the cool- 
ing rate is more rapid. The foundry- 
man’s method of overcoming. this 
difficulty is to increase the silicon 
content. 

The effect of alloying elements on 
section sensitivity varies somewhat 
with the particular alloy used. In 
the case of chromium‘, it will be 
noted from Fig. 4 for section 34 to 
61% in. that ‘ 
influence on the sensitivity to wall 
thickness.” 

The effect of increasing nickel 


‘chromium exerts no 


and reducing silicon on the basis of 
two nickel to one silicon with in- 
creasing section size is shown by 
Piwowarsky® in Fig. 5. 

The effect of molybdenum on 
hardness in sections 0.8 to 4.8 in. is 
shown in Table 6."° 

By private communication from 
the Vanadium Corporation", it is 
reported that “Vanadium . . . makes 
for greater uniformity of strength 
and hardness properties in larger 
sections.” See Table 7. 

Conclusion 

Since castings may be white or 
gray, depending upon the cooling 
rate, or, with cooling rate constant, 
castings may be white or gray, de- 
pending upon chemical composition 

it is littke wonder that the me- 
chanical engineer should become 
confused with the metallurgist’s 
phraseology in explaining cause and 
effect. Gillett'® has aptly stated that 
“the design engineer does not have 


T 


time actually to become 
gist. To do so and to k 
modern advances in 
would take all his time 
needs to do is to worl 
metallurgist and the 1 
need to work with th 
Only by close cooperat) 
two groups can there by 
that all factors, both tl 
and the subtle, are giv 
consideration.” 
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ANALYSES AND PRopERTIES OF IRONS REPRESENTED IN Fic. 


Table 7 
Errect OF VANADIUM ON Gray IRON 
Diameter, Tensile, —Hardness, BHN 
Bar No. Alloy in. psi. Surface Cer 
QQ1D No V 3.0 48,450 262 185 
QQ2D With V 3.0 56,850 255 209 
Table 8 


—Property- 


Transverse 





—— = —_____— Analysis, per cent—————_——————_. Strength, Deflection, T.S nEIN 
rs. C.C. Si Mn Cr P AY lb. in. psi BH 
280 0.46 2.53 0.77 0.01 0.240 0.092 3500 0.103 36,27 201 
2.85 0.52 2.52 0.70 0.48 4035 0.112 42,55 212 
298 0.57 2.57 0.80 0.79 3750 0.103 41,650 217 
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NECKED-DOWN RISERS for 
s is not a novel idea, for it 


istin 


patented many years ago by 
Washburn. From its widespread use 
Washburn, the 
necked-down riser gradually lost 
popularity ; then suffered neglect to 
the point of near oblivion. 

However, the cry of the military 
f World War II for faster manu- 
facture of war materials gave im- 
petus to the making of innovations 
ind the adoption of all manner of 
short-cut methods. And since Wash- 
burn’s idea had something real to 
offer both in the way of economy 
ind speed in the manufacture of 
castings, it was at once put back 
into use in nearly all of the nation’s 
steel and iron foundries. 


it the time of 


Its entrance into the non-ferrous 
field, however, is recent. To, date, 
s far as the authors know, no non- 
ferrous foundry has applied the idea 

necked-down risers to castings 
{nd this despite the fact that, due 

the absence of suitable flame 

ining methods, there has been a 
ong-felt need for such a riser. 

[In one or two respects the meth- 

of application of necked-down 
castings has 


} 


rs to non-ferrous 


resented at a Brass and Bronze Ses- 

of the Fiftieth Annual Meeting, 
\mnerican Foundrymen’s Association, at 
Cleveland, May 9, 1946, the opinions 
expressed in the paper are those of the 
ors, Master Molder and Foundry 
illurgist, respectively, and do not 
ssarily reflect the views of the Navy 
I irtment. 





changed beyond recognition. Despite 
this, the principle involved in_ its 
use remains the same. 

In a ferrous foundry, a necked- 
down effect is produced by the use 
of a thin, water-like core resem- 
bling a large washer which is placed 
between the casting and the riser. 
The core separates the riser from 
the casting completely except for a 
small (¥% to 2¥4-in. diameter) cen- 
tral neck through which the riser 
metal feeds the casting as it solidi- 
fies. 


Thin Core 


It is important that the core be 
suffix iently thin to allow the heat 
from the riser metal and the casting 
metal to penetrate to such an extent 
that its effect of chilling the metal 
is negligible. That is, once the wafer 
core is heated to the temperature of 
the metal lying on either side of it, 
its presence therein appears to exert 
no interfering influence upon feed- 
ing. 

Certain definite 
ships are operative in connection 
with their employment. From data 


mass. relation- 





Without noticeable im- 

pairment of feeding effi- 
ciency or sacrifice of metal 
quality, carbon disks and 
perforated sheet meta! 
screens are used to give 
risers which, in the majority 
of instances, fall off the 
castings in shake-out or are 
flogged off with one blow 
of a hand sledge. Practical 
methods of making and 
using gypsum riser sleeves 
to increase yields in non- 
ferrous castings have been 
developed. 














accumulated on cast iron Washburn 
risers, the following solid geometry 
relations are indicated: 

a. Diameter of risers should equal 
or slightly exceed the thickness of 
the section they feed. 

b. Height of risers should at least 
equal their diameter or thickest cross 
section and not exceed it by more 
than 50 per cent. 

c. Washburn cores are uneconom- 
ical and, what is more important, 
functionally unreliable for lack of 
sufficient heat input when the size 
of the riser is appreciably under 3-in. 
diameter. 

With regard to the application of 
the principle to non-ferrous risers, 
the following types of riser neck re- 
ducers are employed: 

1. Perforated steel sheet screens, 
tinned or untinned, 0.0125-in. thick 
by one hundred 3/64-in. diameter 
holes per sq. in. 

2. Refractory disk cores, /g-in. to 
5/16-in. thick. 

a. Solid graphitic carbon. 
b. Silica core sand. 
c. Gypsum metal casting plaster 

Of the foregoing, only two types 
have withstood the acid test of prac- 
tical usage, namely, perforated metal 
screens and graphitic carbon disks 
(Fig. 1). This is as it should be 
when examined in the light of the 
heat properties shown in Table 1. 
The appraisement as to advantages, 
disadvantages and limitations of each 
is given in the following: 


Metal Screens 


Advantages 
1. Low initial cost (37c per 20x28-in 
sheet). 
2. Economical storage. 
3. Easy handling. 
4. Low over-all chilling effect. 
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Fig. 1—Perforated metal screen and graphitic car- 
bon disk used to make knock-off risers. 


Fig. 3—Cope side of mold shown in Fig. 2, outside 


surface, showing screen and gypsum riser Sleeve. 
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Fig. 2—Mold for 24-in. manganese bro 
peller. Inside surface, cope side, showin 


of screen. 


Fig. f Mold for manvanese bronze dec} 
Note screen in drag in front of two side 1 








A 
perfo 
disks, 
is as 


a 


form 


rectal 
insert 
the ri 
cured 
ures ; 
use iI 
in the 
pictur 











niages 
unnot be used on bronzes 
imited in application to brasses 
nd low-tin high-strength bronzes 
unnot be used on large necks, 
in excess of 20 sq. in 


Graphite Disks 


id 12€S 
qually operative on bron res, 
asses, and monels 


Leaves smooth, flat surface 


Di intages 
Cost slightly more than metal 


screens 
Not recommended for risers under 
in. in diameter Best suited 


for use with large risers for eco- 


omical reasons 


Sand Cores 
4d ages 


|. Best suited for use with steel risers 


Disadvantages 
Cost more than graphite or metal 
screens 
Conducive to gas entrapment 
Warp out of shape, producing 
D ilgy or concave surfaces. 
[Thicker pieces are required for 
handling than with graphite 


Gypsum 


4d iadve 

Has no advantages 

intages 
Costs more than any of the other 
three types 

2. Warps, producing bulgy surfaces 

Thicker pieces are required for 
handling than for any of the other 
three types. 

A brief description of the use of 
perforated metal screens and carbon 
disks, as practiced by this foundry, 
is as follows: 

a. Screens of the proper size and 
form are snipped from 20x28-in. 
rectangular stock. They are then 
inserted in their proper place atop 
the riser neck in the mold and se- 
cured to the sand with nails. Fig- 
ures 2 to 5 are illustrative of their 
use in molds. The castings made 
in these molds, including others, are 
pictured in Figs. 4 to 13, inclusive 





Right—reading top to bottom: 


I I—Cope and drag views 
of mold (Figs. 2 and 3). 

Fic. 6—Propeller casting made 
mold shown in Fig. 5. 
ck-off riser fell off casting 

on shake-out. 

7—Same as Fig. 6. Note 
ount of flat-bottomed 
hrinkage in gypsum sleeve. 
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Fig. 8—Deck socket casting made in mold of Fig. 4 
with the two knock-off risers. 


Fig. 9—Keel type manganese bronz 
bars. Note double screen underneat/ 








Fig. 10—Manganese bronze deck socket casting 
showing two kinds of knock-off risers; screen and 
graphitic carbon (enclosed in gypsum sleeve). 


Fig. 11—Manganese bronze hoisting pad 
Graphitic carbon and riser before knocl 



















fk 12—Gun metal bronze casting. 13%-in. diameter neck slightly 
discernable. Made with graphitic carbon 


So ——_ 


I 13—Maneganese bronze skeg shoe casting. Center riser is carbon 
knock-off type, while end riser is screen type knoe k-off riser 


Fic. 14—Gun metal billet castings made with carbon knock-off type 

r. Sectioned to show solidity of metal; (left )—2-in. diameter billet, 

n. diameter hole in carbon; (center 4-in. diameter billet, 1-in 

umeter hole in carbon; (right)—6-in. diameter billet, 1%-in 
diameter hole in carbon. 










Double sheets of screening are some- 
times used with the larger risers 

b. Carbon disks are made by first 
boring a graphite electrode and then 
sawing off thin slices The size of 
disk selected for any given riser is 
always 2 in. larger than the size of 
the riser, thus leaving a 1l-in. cir- 
cumferential shoulder for a print, 
upon the top surface of which is 
placed a gypsun sleeve 

As to the size of the central hole 
in the carbon, the test castings 
shown in Figs. 14 and 15 show that 
the proper hole size for any casting 
is equal to 20-25 per cent of the 
riser diameter. To cause the plane 
of breakage to locate slightly above 
the flat surface of the casting, the 
edge about the hole on either side 
of the carbon is broken with a file 
to give it a double-bevel face 

Occasionally, several small Ye-in 
diameter holes are drilled midway 
between the center and outside of 
the carbon to aid in the expulsion of 
mold gases from the mold cavity 
Disks are cut 'Y-in. thick for all 
sizes up to 6-in. diameter, 3/16-in 
thick for diameter sizes of from 6 
to 10-in., “%-in. thick for those of 
greater than 10-in. diameter. Cast- 
ings generally are gated at the bot- 
tom-most point; pouring of metal is 
continued into the mold until metal 
comes through neck of carbon; pour- 
ing is completed by top pouring of 
riser. 

At present, the use of both of th 
foregoing neck reducers is restricted 
to flat surfaces and generally to pro- 
duction set-ups involving 25 or more 
castings. An exception is made in 
the case of large castings requiring 
large risers where an order for one 
is handled as carefully as orders for 
large numbers. 

Table 2 is offered as a guide for 
the use of neck reducers for the 
different kinds of metals and sizes of 
risers. 

Savings effected in cleaning cast- 
ings by the use of screens and car- 
bon disks are shown in Table 3 
Ease and economy are effected in 
the actual removal of risers by 
flogging. This economy rests in sav- 
ings of time, of grinding and cut-off 
wheels, band saws, chipping chisels, 
melting electrodes and the attendant 
metal loss (sawings, chips, spatter) , 
and the labor of sweeping up the 
same. 

Keel block type test bars, with and 
without metal screens in the riser 
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The work-ng tools for making gypsum riser sleeves. 









[THERMAL PROPERTIES OF 


Table 1 






MaTertALs Usep IN KnocKk-Orr RISERS 


Knock-orr RISERS 





Fig. 


shown in Fig. 


15 


FOR Non-FErrot 





(above) San 


12, sect 


humping of one castin 


upward bulging of ey 


(left )—carbon, 6! 2-1n 
13e-in. diameter hole: 
cypsum, 6-in. square 


diameter hol: 











Table xz 


RECOMMENDED MATERIALS } 


Riser 
Size, 


mR Use 
ON Knock-Orr Risers 







in Bronzes' Brasses’ Vf 
2 Screen ( 

3 Carbon Screen Car 
32 Carbon Screen Cart 
4 Carbon Screen Carb 
: Carbon Screen or Carb 

Carbon 

6 Carbon Carbon Carbo 
8 Carbon Carbon Carbon 
10 Carbon Carbon Carbor 
12 Carbon Carbon Carbon 
IN.D. Specifications 46B5, 46M6, 46B 


46M20, 46B21, 46B22, 46B23, 46B24 


2N.D. S 


cifications 46B3, 46M4, 46B! 



















Total of 
Specific Calories 
Heat at Absorbed in 
Thickness, Diameter, Weight 1000° C Heating from 
Material in in. grams Cal./G./° 20 tol "Cc 
Steel 0.0150 4 13.5 0.16’ 2,140 
Graphite 0.1250 { 58.6 0.29 16,650 
Core Sand 0.1875 { 79.1 0.26 20,180 
Gypsum 0.3125 | 35.9 0.26° 9.150 
1Handbook of Chemistry and Physics, p. 1672 
2T exthook of Metallurgical Calculations, Butts, p. 377 
3Handbook of Chemistry and Physics, p. 1675 
Table 3 
CoMPARATIVE CLEANING CosTs 
3-in. 9-in. 
Diameter Diameter 
CONVENTIONAL RISERS Riser Riser 
Sawing or Chipping 0.180 1.770 
Licht Trim) Chipping 0.016 0.033 
Dress Grinding 0.033 0.105 
Tora 0,229 1.908 
FLocoinc Costs 
Screen 0.008 0.060 
Carbon Disk 0.080 0.130 
Labor to Knock-Off 0.020 0.030 
Dress Grinding and Light Chipping 0.025 0.050 
Total 0.133 0.270 








Table 4 





aND KNock-Orr Riser METAL 








Screen Riser 
75,500 74,250 


Elongation, per cent in 2 in 30.0 30.5 31 


Tensile Strength, psi 


CoMPARATIVE PHySIGAL PROPERTIES OF CONVENTIONAI 


Conventional Riser 
73,750 


74,500 
31.0 





46B18, 46B29. 
°N.D. Specifications 46M1, 46N7, 46C8 





neck, were poured from the 


heat of manganese _bronz 


tested as shown in Table 4. No sig- 


nificant difference in physical pr 
erties was obtained. 


Inasmuch as both of the afore- 


mentioned knock-off risers gener 
are designed for use with gyp 
sleeves, it is deemed advisable 
point to include herein a brie! 
scription of the technique sect 
making and using gypsum sice\ 
The idea of gypsum slecve 
insulating risers is credited 
Naval Research Laboratory. Ei 
regular metal-casting p 
preferably, gypsum type Ré2 ar 
suitable for use in the bas) xt 
which is prepared as follo. 
Gypsum 
Cement (by vol.) 
Water 
This mixture is poured 
steel (19 gauge) cylinder molds spl 
longitudinally and buckled 





oul 
r nul 
nec | 


rise 
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two clip fasteners, as shown in 
16. The cylinder rests on towel 

A tapered aluminum core is 
red with respect to the cylinder 


y desired combination of cylin- 
ind core diameter sizes can be 
ted to make sleeves of any prac- 
wall thickness. “Yard” practice 
idopted the |-in. wall as stand- 
for all gypsum riser sleeves. No 
sticking sprays are used. Five 
ites after pouring, the alumi- 
core is withdrawn, the metal 
| unbuckled, and the gypsum 

e is air dried for 2 hr., then 

ice dried for 10 hr. at 500° F. 

\fter drying,’ the sleeves are 
ither used immediately or stored 

, storage rack. If stored for over 
day, they are again dried at 400 

for 15 min. prior to use. When 
sed in non-standard lengths, they 
ire sawed with a hacksaw blade to 
the required length by the molder. 

[he graph in Fig. 17 gives the 

mal and physical properties of 
sypsum when used as gypsum sleeve 
material. The use of gypsum sleeves 
bout the riser, and gypsum powder 

top of the riser, results in an 
ncrease in riser yield of approxi- 
mately 30 per cent. 

No appreciable contamination of 
the sand system is encountered from 
the use of gypsum sleeves. They 
ire hand-picked off the shake-out 
screen and discarded either whole 
rin large fragments by the shake- 
out crew. 

Summary and Conclusions 

In conclusion, the following ob- 
ervations are listed: 

a. Comparing the relative eff- 
iency of knock-off risers in both 
the ferrous and non-ferrous divisions 
{ founding, it is stated that a great- 
r number of sound castings (com- 

ly free from remnant shrinkage 

1 necks) as well as easier knock-off 

risers is obtained with non-fer- 
rous castings. 

b. Perforated metal screens and 
graphitic carbon disks effect distinct 
economies in the cleaning of brass 
nd bronze castings. 

Perforated metal screers and 
graphitic carbon disks do not dis- 
dvantageously affect the feeding of 
rise 

Perforated metal screens func- 

best in brass risers not in excess 

in. diameter. 

Graphitic carbon disks function 


equal effectiveness in both 


TEMPERATURE, °F. 


SLEEVE DRIED AT 500 °F. FOR 10 HOURS. 
TEMPERATURE OF METAL POURED 
PERMEABILITY : 
PHYSICALS: 
TENSILE STRENGTH, psi 27.5 


2120 °F. 
AIR TIGHT. 


TRANSVERSE STRENGTH, psi 5.1 
COMPRESSIVE STRENGTH, psi. 72 


60 
TIME - 


Fig. 17 


80 
MINUTES 


Graph showing temperature rise of gypsum sleeve after pouring of 


casting. 


brass and bronze risers, and in all 
sizes of risers. 

f. Highest economies are realized 
when the number of castings is large 
or when the risers themselves are 
large. 

g. For the same amount of feed- 
ing, gypsum sleeves enable the use 
of risers approximately 30 per cent 
smaller than conventional gravity- 
feed type risers. 


DISCUSSION 


Chairman: G. K. Drener, Ampco 
Metal, Inc., Milwaukee. 

A. Mosrt': In using the iron screen, 
is there any danger of iron contamina- 
tion of bronzes from the molten bronzes 
contacting the iron screen? 

Mr. Brinson: None at all. The screen 
is sheet steel with a tin coating. We had 
an experience in that connection with a 
steel casting at one time. In closing the 
mold the molder used two pieces of tinned 
sheet steel to stop off a fin by chilling 
and keeping the metal from going into 
the mold. He inserted them a little too 
far and got them into the casting cavity 
about an inch. This was a large casting, 
weighing about 25,000 Ib. as poured. 
After it was poured, we pulled the sheet 
metal out of the steel casting. Volatiliza- 


‘Parkway Foundry & Machine Co., Brooklyn. 


tion of the tin formed a cushion around 
the sheets and kept the casting metal 
from contacting the tinned sheet steel 

CHAIRMAN Drener: You do peel the 
sheet metal off the risers and throw it 
away when you are through with it. You 
do not let it contaminate the back scrap 

Mr. Brinson: No, we remove it imme- 
diately. 

Greorce Da.sey’: We tried the per- 
forated sheet on manganese bronze and 
we could not knock the riser off. We 
believed it was alloyed with the sheet 
and we took some of that same sheet and 
detinned it with acid and tried it again 
and had no difficulty 

Mr. Brinson: I can not offer a reason 
for that We have been using it daily 
for over a year and never had trouble 
We wanted to show the riser before and 
as it was knocked off, but we could not 
do it because the riser was knocked off 
as it came out of the mold. 

CHAIRMAN Drener: I think, Mr. Dal- 
bey, that you could use the screen with- 
out the tinning, just as an ordinary piece 
of steel. It has been used successfully 
in that manner. 

Mr. Brinson: The steel comes tinned 
Detinning is an added expense. 

CHAIRMAN Drener: The important 
point is that it seems to work both ways 

Lr. Com. B. O. Brovux’: I would like 
to ask Mr. Brinson what results he had 


7). S. Navy Yard, Mare Island, California 
*Bureau of Ships, Washington, D. C 
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with the use of the tinned screen in con- 
nection with G-metal? Did you encounter 
an adverse condition? 

Mr. Brinson: We were unable to 
knock the riser off and and that is what 
we were aiter. 

Mr. Duma: The difficulty we had 
was that the risers stuck right to the 
screen. The union between screens and 
cast metal was so strong that no amount 
of hand hammering could flog the risers 
off. It appears that high tin (over 2 per 
cent) copper-tin alloys wet the surface 
of iron screens by tinning them and then 
alloy with the iron at the iron-tin inter- 
face. 


Mr. Brinson: In some cases we have 





KNOCK-OFF 


used two sheets, one on top of the othe Dv. 
and still were able to knock the riser off. 

E. D. Boyie*: Mr. Brinson made the 
statement that one investigator was work- 
ing on the problem of gas pressures. 
That is exactly what we are doing. 
Within the next two years we may have 
sufficient data on gas contamination of 
risers creating pressure. 

Mr. Brinson: That is one of the 
problems we have to solve 

H. F. Tayior’®: I wonder if Mr. My- 
skowski, who did the pioneer develop- 
ment and experimental work on the uses 
of the screen, would comment with re- 
gard to the oxidation of the screens for 
use with tin bronzes? 


‘Puget Sound Navy Yard, Bremerton, Wash. 
SMassachusetts Institute of Technology, Cam- 
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E. T. Myskowskxt': It 
factorily. 

Mr. Taytor: Did you { 
provement when you put 
layer rather than a layer 
example? 

Mr. MyskKowskI: It see: 
very well; it did not tend 
much 

Mr. Taytor: I think it 
up with a wetting conditio: 
it sticks or does not stick n 
upon whether the metal wets, 
alloys with, the coating. 





bridge, Mass. 
*Naval Research Laboratory, Was! 
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OVENS 


+ Equipment and processing methods for cylinder head 





molds and cores and magnesium casting cores — con- 
struction and operation of baking and drying ovens — 
mechanical materials handling installations. Magnesium core 
sand mixtures identified by color system. Care and storage 
of cores in air conditioned storage rooms. Operation of 
sand reclamation system. 





H. E. Linsley 
Wright Aeronautical Div. 


Wright Corp. 
Paterson, N. J. 


THE AUTHOR CANNOT, by any 
stretch of the imagination, be con- 
sidered a foundryman. However, he 
an claim at least a nodding ac- 
quaintance with core ovens, having 
worked around gray iron, bronze, 
jjuminum and magnesium foundries 
for more than 20 years. 

The with which the 
thor is associated claims the dis- 


company 


tinction of operating the country’s 
frst aluminum and magnesium 
designed the 
manufacture of aircraft engine cast- 
ngs. While these may not be the 
rgest foundries of this type today, 
hey have provided a considerable 


undries solely for 


ind of experience. 
[he heaviest production of the 
indries is in cylinder heads, since 
of these are required for each 
2,200-hp. engine. They are poured 
dry sand molds. Each cylinder 
head casting requires the prepara- 
tion and baking of two half molds 
ind six internal cores. 


rhe cylinder head molds (Fig. 1) 





are made on rollover machines and 


are transferred directly to racks 


which travel on a conveyor chain 
between the double rows of molding 
machines. The molds weigh approxi- 
mately 90 Ib. each. At the end of the 
the lifts 
sharply upward to enter the baking 


oven, which is carried on structural 


machine _ line conveyor 


members 8 ft. above floor level. 
The oven is a continuous conveyor 
type with an over-all length of 105 
ft.. and is so arranged that the con- 
veyor chain carrying the racks must 
travel in multiple passes, a total dis- 
tance of some 290 ft. through the 
baking, and 
zones. A period of approximately 7 


preheating, cooling 
hr. is required for a mold to pass 
through the oven (Fig. 2). 

Heating equipment is located at 
one end of the oven and consists of 
four pairs of external oil-fired burn- 
ers. One burner of each pair operates 
continuously, while the other cuts 
in or out automatically to maintain 
a constant operating temperature of 
150° F. Circulation is by means of 
induced draft fans mounted on the 
floor directly under the oven. 

All continuous ovens are mounted 
overhead, thus saving floor space and 
allowing more comfortable working 
conditions by getting the heat nearer 
to the roof where it can be dissi- 
pated through ventilators. The open 
space underneath the ovens is con- 





Fig. 1 (left )—Mold for aircraft 
engine cylinder head. Note the 
deep, closely spaced fins. 


Fig. 2 (right)—Discharge end 
of oven used for baking molds 
shown in Fig. 1. 














venient for storage, and in some 
cases box-type ovens are installed 
there. 

After cooling the molds are sprayed 
with a fluoride solution. and then 
are loaded onto individual trays sus- 
from a chain, 
which carries them through a drying 


oven (Fig. 3). 


pended conveyor 
The drying oven is 
heated by means of an external gas- 
fired heater and is 16 ft. wide, 50 ft 
long, and 5 ft. 
structural members, well above floor 


high. It is set on 


level. The oven is completely in- 
sulated with rock wool on walls, roof 
is divided down its 
length by a sheet-metal partition to 


and floor, and 


separate the two directions of con- 
veyor travel. 

Heat from the gas burners (Fig 
+) is blown through floor openings 
into a hot air spray duct mounted 
along the center line on the floor of 
the oven. The conveyor makes two 
passes through the oven in counter- 
flow direction and, when operating 
at the normal temperature of 325° 
F., requires about 1% hr. to pass a 
mold through. 

The cores for the cylinder heads 
time, the 
same equipment used for the molds, 
but the tremendous increase in pro- 
duction made it necessary to provide 
separate ovens for the purpose (Fig. 


were, at one baked on 
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>). At the present time a tower-type 
oven, 10 ft. long, 10 ft. wide and 
28 ft. high is being used. It has a 
capacity of 22 core racks, each of 
which has three shelves with an area 
of 15 sq. ft. per shelf. The operating 
temperature is 650° F., and produc- 
tion is 7.3 racks per hour. 


The oven is heated by means of a 


proportioning type oil burner which 


fires into a refractory-lined combus- 
tion chamber. Recirculated air is 
mixed with the hot gases and intro- 
duced through a series of damper 
outlets into the evaporation zone and 
suction chamber. 

Parallel or crossflow is provided in 
the oxidation or baking zone, with a 
neutral draft exhaust to the stack 
for spilling excess gas. A recirculat- 
ing fan picks up the recirculated air 
and gases, and returns them to the 
wind box. The installation is, of 
course, completely protected with 
automatic temperature and safety 
controls. 

In addition, the oven is equipped 
with ten individual, single-point 
recorders to show the temperature 
at each of ten zones. It is a well- 
known fact that uneven baking will 


Reading (left ) top to bottom: 


Fig. 3—Entrance to oven for 
drying molds after spraying 
with fluoride solution. 


Fig. 4—Fan and burner in- 
stallation for spray drying oven. 


Fig. 5—Automatic, tower-type 
core oven used for baking 
cylinder head cores. 


Fig. 6—Natural draft cooling 
tunnel for cooling cylinder 
head cores leaving tower oven. 


Reading (right) top to bottom: 


Fig. 7—Core blower used for 
small and medium sized cores 
for magnesium castings. 


Fig. 8—Core blower used for 


large magnesium casting cores. 


Fig. 9—Stationary ovens for 
fragile and experimental cores. 


Fig. 10—Continuous oven for 
baking production magnesium 
casting cores. 




















result in poor cores, and checking 
the temperature at just one point is 
not a guarantee that this tempera- 
ture will be constant throughout the 
oven. The multiple check system en- 
ables the operators to spot any zones 
which are too hot or too cold and 
regulate the dampers accordingly 


Handling the Cores 

The cores are made on core-blow- 
ing machines and are loaded directly 
onto the racks. As a rack is filled it 
is moved along by a power-operated 
roller conveyor which delivers it to 
the loading position in the front of 
the oven. Hydraulic jacks then raise 
the rack just high enough to clear 
the rollers and enable it to be pushed 
onto the carriers of the oven con- 
veyor. 

The racks travel up one side of 
the oven and down the other to the 
discharge position, where they are 
delivered to a second powered con- 
veyor which carries them through a 
cooling chamber (Fig. 6). Cold air 
is drawn over the cores in this tunnel 
by natural draft, cooling them suffi- 
ciently to be handled with bare 
hands when unloading and placing 
on the storage shelves. The empty 





Reading (left) top to bottom: 


Fig. 11—Loading magnesium 
casting cores on a conveyor. 


Fig. 12—Loaded core racks en- 


tering corebaking oven. 


Fig. 13—Typical multipiece 

core for magnesium casting 

built up from a large number 
of separate cores. 


Fig. 14—Oven designed for 
drying inhibitors in cores, now 
used as a paste drying oven. 


Realling (right) top to bottom: 


Fig. 15—Fan and burner equip- 


ment for spray drying oven. 


Fig. 16—Loading and unload- 
ing end of core drying oven. 
Note proximity of core storage. 


Fig. 17—General view of sand 
reclamation installation. 


Fig. 18—Inside view of furnace 
showing one of the ten hearths 
over which sand is rabbled dur- 


ing reclaiming process. 
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racks are picked up by an electric 
monorail hoist and carried across 
the room to the starting point of the 
loading conveyor. 

The development of the engine 
made by this company has resulted 
in an increased use of magnesium, 
with a corresponding decrease in the 
amount of aluminum. Of the parts 
originally made from aluminum, 
some 25 to 30 per cent now are 
made from magnesium. At one time 
both metals were handled in the 
same foundry, but the present prac- 
tice provides for separate foundries. 

Colors for Core Sands 

All of the magnesiuin castings are 
made in green sand molds, but cores 
are, of course, baked in the usual 
manner. Anyone entering the mag- 
nesium coreroom could be excused 
for blinking rapidly and wondering 
whether or not he were seeing 
things, because he would see the 
familiar tan color of the sand blos- 
soming out into dazzling hues of 
pink, and blue, and green. These 
colors are not used because they 
look pretty, but as a means of quick 
and positive identification of the dif- 
ferent sand mixes. 

Curiously enough, when the prac- 
tice of coloring the sands was first 
started, the production rate of the 
women coremakers went up about 20 
per cent. A bit of trouble developed 
with the girl who “just couldn’t 
stand green,” and the girl who 
wanted to work with blue sand be- 
cause “blue was her favorite color,” 
but that was soon straightened out. 
The dye is added in liquid form 
during the first mulling and, while 
it does not retain its full color after 
baking, it is still readily identifiable. 

Core Blowing 

In the newest foundry of the com- 
pany many of the magnesium cores 
are machine blown. They range from 
small to very large cores (Figs. 7 
and 8). 

Since these cast parts are for an 
aircraft engine in which weight must 
receive first consideration, many of 
the cores used are exceedingly com- 
plex, and necessitate the use of light 
cross sections. Such cores must be 
handled with great care, and the 
nevitable slight jolting of a conveyor 
is sufficient to fracture them when 
in the green state. 

Such cores are baked in stationary, 
three-compartment ovens heated by 
external, gas-fired heaters (Fig. 9). 


Each compartment is equipped with 
an individual heating, recirculating, 
and exhaust system, and each meas- 
ures 6 ft. wide, 15 ft. long, and 6 ft. 
high. Doors are of the vertical lift, 
counterweighted type, and each com- 
partment will hold two core racks 
with a load of 4,000 Ib. per rack. 
Normally these cores are baked 
for 4¥2 hr. at a temperature of 450 
F., but a wide range of control is 
possible on each compartment so 
that special jobs or experimental 
work on new cores and new sand 
mixes can be carried on without in- 
terfering with routine production in 
the other ovens. 
Regular magnesium 
baked in a trolley conveyor oven, 
(Fig. 10) equipped with four-shelf 
trolleys (Figs. 11 and 12). This oven 
is 140 ft. long 20 ft. wide, and 91 
ft. high, and is located about 8 ft. 


above floor level. 


cores are 


Trolleys are spaced at 8-ft. inter- 
vals and travel at the rate of 37 ft. 
per hr., giving a capacity of 3,700 
lb. of cores per hr. The oven is in- 
sulated by 5 in. of aluminum foil, 
and is divided lengthwise by a par- 
tition set off-center so that the first 
section accommodates one pass of 
the conveyor, and the second section 
houses two passes. 


Heaters and Controls 

The fully automatic, oil-burning 
heaters and controls, together with 
the circulating and exhaust fans are 
located at floor level near the enter- 
ing end of the oven, the heaters 
being rated at 4,000,000 B.T.U. per 
hr., and the circulating fan having a 
capacity of 27,000 cu. ft. per min. 

The air supply is conveyed from 
the heaters into two distributing 
ducts running along opposite sides 
of the oven, and is blown downward 
through special slots in the walls. 
This sets up a circulatory motion 
and induces a large amount of sec- 
ondary air. The air moves in the 
direction opposite to that of the con- 
veyor, and a large part of it is re- 
circulated from the first pass of the 
oven. The remainder is exhausted 
from the entering end by means of 
the exhaust fan. 

The oven originally was designed 


for an operating temperature of 450° - 


F. at a time when this temperature 
was necessary for the type of core 
oil used. However, since the intro- 
duction of low temperature baking 


Cor: 


oils it has been possible t te 
at 350° F. with a maximu 
ing temperature of 475° F 
of the original temperatur: 
F. This has resulted in a tre: 


saving of fuel oil. 


Complex Cores 

As previously mentioned, 1) ,ny of 
the cores are very complex and are 
built up from a considerable number 
of small, separate cores (Fig. 13 
These cores are assembled and 
pasted to form a complete unit, and 
then spray dried in a conveyor oven 
(Fig. 14). This oven is of the con. 
tinuous-trolley type, 94 ft. long, [3 
ft. wide, and 6 ft. high, and is built 
similarly to the corebaking oven ex- 
cept that it is less heavily insulated 
because of its lower operating tem- 
perature of 300°F. Carriers are 
spaced at 8-ft. intervals, and each 
carrier has a capacity of 300 |b. of 
cores and plates. The rate of travel 
is 16 carriers per hr., which means 
that each carrier will remain in the 
oven for about 14% hr. This is in- 
sufficient time for the core to attain 
the full temperature of the oven 
but is sufficient to dry the paste. 

At one time it was the practice to 
spray a sulphur-boric acid inhibitor 
over the surfaces of the cores and 
to dry this when drying the paste 
This additional step was necessary 
because the high corebaking tem- 
perature burned out the inhibitors 
when they were mixed with th 
sand. Since the introduction of the 
low temperature baking oils it has 
been possible to mix the inhibitors 
with the sand without danger of 
their burning out, and the spraying 
practice has been discontinued. 

Heating Equipment 

The heating equipment consists of 
a two-section direct-oil-fired air 
heater, a supply fan capable of de- 
livering 19,000 cu. ft. per min. at a 
temperature of 350° F. into the oven, 
and an oven exhaust fan. This equip- 
ment is located on the floor near the 
return section of the oven (Fig. 15 
and delivers the heated air through 
continuous slotted ducts situated in 
the upper corners of each pass of 
the oven. 

Recirculation is from the first pass 
only, and dampers are supplied to 
regulate the amount of air in each 
pass and the recirculation to the 
heater. The burners are rated 2 
2,000,000 B.T.U. per hr., and the 
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normal operating temperature in the 
oven is 300° F. 

Just before the entrance to the 
oven the conveyor chain is arched to 
clear a main aisle, and then makes 
a right-angle bend to pass the as- 
sembly benches for loading unfin- 
ished cores, and unloading finished 
cores into the core storage room 


(Fig. 16). 


Core Storage 

In one of the foundries is installed 
a completely dehumidified core stor- 
age room where, by means of bat- 
teries of silica-gel units, air heating 
and cooling units, etc., the moisture 
content of the air in the room can 
be brought down to a maximum of 
13 grains per lb. This type of equip- 
ment is particularly important when 
cores are made on a production basis 
and held until required, since mois- 
ture in the core will react with the 
molten magnesium and_ produce 
hydrogen, which promotes burning 





of the metal and results in rejected 
castings. 

It is not proposed to go into the 
details of this core storage room, 
which has been described in detail 
in the January, 1944 issue of Heat- 
ing, Piping and Air Conditioning, 
but it is worth mentioning as indi- 
cating the care which should be 
taken in the handling of cores. 


Reclaiming of Sand 

Also of interest is a recently in- 
stalled process for reclaiming core 
sand (Fig. 17). Without going into 
detail, this process consists of crush- 
ing the sand lumps, removing the 
wires and chills, and then passing 
the sand through a ten-hearth ver- 
tical rabble furnace where all carbon 
and organic matter are burned out, 
and clean white sand is returned to 
the foundries (Fig. 18). 

It is estimated that this process 
saves the equivalent of 30 freight 
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cars of sand a day, to say nothing of 
eliminating the eternal difficulty of 
used sand disposal. 

Many foundry men are apt to as- 
sume that cores are something in 
which they have no proper concern 
except that the cores fit the molds 
properly and behave as they should. 
Granted that this is an age of spe- 
cialization, with melter, pourer, core- 
maker, and molder each attending 
to his own phase of the work, the 
author feels that if each were to 
know at least a little about the other 
fellow’s job he would find it of tre- 
mendous value in his own work. 
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Tue suspyjyectT of cupola 
operation and control is, to say the 
least, a most controversial one and, 
in spite of the fact that there are 
almost as many cupola procedures 
as there are operators, results are, 
for the most part, quite satisfactory. 

The discussion which follows is a 
brief description of the practices fol- 
lowed in the foundries with which 
the writer is connected, and are not 
necessarily intended to serve as 
“cure-alls” for the entire foundry 
industry. 

One of the first requirements for 
successful cupola operation is an ex- 
act knowledge of the composition 
and behavior of the raw materials 
used. This involves chiefly the 
metallic components of the cupola 
charge and the metallurgical coke 
or cokes on hand or available. Need- 
less to say, the limestone, dolomite, 
or whatever fluxing material is used, 
should be of the best quality. 

Each carload of pig iron should 
be checked against the shipper’s 
analysis. The analysis of a carload 
of purchased cast iron scrap would 
be an almost endless task and would 
be of very little value after it was 
completed. However, this should not 
discourage the use of large percent- 
ages of cast scrap in the cupola 
charge, as the composition of the 
various types of scrap available is 
known quite definitely. 

However, the party responsible for 
the purchasing of scrap should insist 
that any given carload contain only 
one type of scrap and not a mixture 
of several kinds. Each carload should 


be rigidly inspected, both upon 
arrival in the iron yard and during 
the course of unloading to the stor- 
age piles or to the charging cars or 
buckets. 

After a brief period of training in 
the recognition of various types of 
scrap, crane operators and charging 
crews can offer invaluable assistance 
to the cupola foreman, as they see 
practically every piece of iron used 
during the course of operation. 

Weighing equipment for metal 
and coke charges must be checked 
frequently and kept in good repair. 
Above all, when metal composition 
must be held within very narrow 
limits, as is required in certain types 
of castings such as cylinder liners, 
and when making malleable iron by 
the duplex process, where the initial 
melting and superheating is done in 
the cupola furnace, the weighing 
equipment selected must be accurate, 
sensitive over the range in which it 
is used, and intelligently chosen for 
the job it is intended to do. 

For example, 250 or 300 Ib. of 
coke (or 25 lb. of 50 per cent lump 
ferrosilicon) ordinarily cannot be 





: The cupola has proved itself 

a most versatile melting unit, 
capable of producing a wide 
variety of irons satisfactory for 
innumerable engineering appli- 
cations. Successful cupola op- 
eration requires an exact knowl- 
edge of the composition and 
behavior of the raw materials 
used — metallic components of 
the cupola charge, metallurgical 
coke and fluxing materials. 





weighed accurately on a set of scale: 
designed for heavy loads where th 
tare weight of the charging car and 
bucket may be 3,000 or 4,000 }| 
This is not a hypothetical cas: 

just such a set of conditions exists 
in one plant of this company, and 
will be discussed in more detail late: 

While it may be considered rathe: 
elementary at this time to enter int 
the matter of “lighting-off” th 
cupola coke bed, there are one or 
two items which are worthy of note 
In one of this company’s foundries 
the kindling wood and _ practically 
all of the bed coke are put into the 
cupola at one time. About 6 hr. be- 
fore “wind-time” the bed is “lit-off” 
and allowed to burn through very 
slowly. Before any metal is charged 
the bed is levelled off with cold 
coke, and charging then proceeds 
until the cupola is full. 

In another foundry the bed cok: 
is put into the cupola in three equal 
portions at 2-hr. intervals, while in 
a third department about one-hall 
of the bed is “lit-off” only about 
4 hr. ahead of “wind-time,” and 
here it is necessary to use a gentl 
blast to thoroughly ignite the coke 
All of these procedures are satisfac- 
tory and, if sufficient kindling wood 
is used, the first iron tapped will be 
amply hot. 

The longer burning-in time ' 
preferable, as this results in bette! 
preheating of the cupola lining and 
well, and when cupolas are operated 
on alternate days plenty of time 
available. However, when it is nec- 
essary to use the same cupola ever) 
day there usually is less time avail- 
able (after completion of the daily 
“patching” job) between light-ofl- 
time and wind-time. 

In order to provide a large volume 
of fluid slag as soon after the start 
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the heat 
harges of limestone are placed on 
the bed just before charging starts, 
nd 4 lb. of fused soda ash per ton 

metal are used on each charge 
ised to fill the cupola in addition 
. the regular charge of limestone. 


as possible, two extra 


Che layer of slag thus formed acts 

a protective covering over the 
molten iron in the cupola well, re- 
ulting in considerably higher melt- 
ing temperatures at the start of the 
heat. This may be due to the fact 
that the slag blanket protects the 
olten iron from the cooling effect 


f the incoming blast, or heat losses 
through radiation from the surface 
of the molten metal are reduced. 

[he foundries with which the 
writer is connected produce sand- 

ist pressure pipe and fittings, a 

mmplete line of chilled plows, diesel 
engine cylinder jackets and liners, 

arine engine bearings, bases, frames 
and cylinders up to 70-in. bore with 
18-in. stroke, automotive and agri- 

ultural implement castings, pres- 
sure valves for oil, water and gas, 
locomotive cylinders, and machine 
tool castings 

\ variety of castings used by the 
chemical industry, such as caustic 
pots, ingot molds, jacketed kettles, 
lead pots, billet molds and the like 
are produced. In addition to these, 
the company manufactures super- 
deLavaud pipe ranging in size from 
} to 36 in. in diameter and 18 ft. 
long, cast centrifugally in water- 
cooled steel molds. 

Figure 1 shows a low pressure 
marine engine cylinder casting hav- 
ing a 70-in. bore and 48-in. stroke. 
Che average chemical analysis of the 
iron used for these cylinder castings 
will fall within the following ranges: 


Component Per Cent 
Silicon 1.70-1.90 
Sulphur 0.09 max. 
Phosphorus ..0.20 max. 
Manganese 0.75-0.90 
Total carbon 3.00-3.25 


The silicon content of the iron 
from the cupola spout is some,vhat 
lower than that found in the finished 
castings and, consequently, a “late 
addition” of 75 per cent grade ferro- 
silicon is made. This addition in- 
creases the silicon content from 
0.20-0.30 per cent. A “late addition” 
of 0.3 per cent (3 Ib. of alloy per 
1000 Ib. of molten iron) of zirconium 
silicide also is made to the molten 
iron. These additions cleanse the 
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Fig. 1 


Numbers Are BHN 


Low pressure marine engine cylinder, 70-in. bore and 48-in. stroke. 
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Fig. 2 


Section from 2%-in. main wall of lou 


re ‘kk 


pressure ¢ ylinder «¢ asting 


showing results of hardness tests. 


iron, reduce chilling tendency, and 
materially increase toughness. 

The strength of tensile test speci- 
mens machined from separately cast 
standard arbitration bars runs from 
42,000 psi. te 48,000 psi., with corre- 
sponding Brinell hardness numbers 
ranging from 217 to 241. On three 
occasions tensile test specimens have 
been machined from the 2%-in. 
thick main wall of cylinder castings. 
The results of these tests along with 
results obtained on corresponding 
specimens machined from standard 
arbitration bars are tabulated in 
Table 1. 

Figure 2 shows a section from the 
23%%-in. thick main wall of a low 
pressure cylinder casting. Indenta- 


tions are impressions made by the 
10-mm. ball on the Brinell hardness 
testing machine, and figures indicate 
Brinell hardness at the 
points. The uniformity in hardness 
is attributed to the 


various 


“ 4 ” 
proc essing 


Table 1 
PHYSICAL PROPERTIES 


1.20 Bar Cylinder Wall 
——S pecimens —Specimens——— 
Tensile Tensile 
Strength, Strength, 
psi. BHN psi. BHN 
42,673 228 34,000 196 
43,990 228 35,905 196 
48,200 235 34,900 192 
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treatment to which the iron was 
subjected. 

A cylinder liner casting (21.5 in. 
I.D.} just after removal from the 
mold is shown in Fig. 2. The liner 
is in casting position with sprue at 
right and cylindrical gate at bottom. 
The riser shown at upper left is 5 in. 
in diameter and 18 in. long. Chem- 
ical composition and physical prop- 
erties of the iron used are as follows: 


Component Per Cent 
Silicon 1.15-1.40 
Sulphur 0.10 max 
Phosphorus 0.20 max. 
Manganese 0.70-0.90 
Total carbon 3.00-3.25 
Molybdenum 0.40-0.50 
Vanadium 0.12-0.18 
Chromium 0.15-0.20 


Tensile strength on specimens 
machined from Class C (2.00-in. 
diameter) test bars is 43,000 to 
48,000 psi. The cupola mixture used 
for the cylinder liner casting is of the 
following percentage: 





Malleable pig iron..... 30.0 

Silvery pig (8 per cent Si) ins 

Steel scrap (No. 2) 57.5 

Manganese steel scrap .. 5.0 Fig. 3—Cylinder lining casting (21.5-in. I. D.) after removal from mold 


, : shown in casting position. Sprue at right and cylindrical gate at botton 
A hardness test specimen machined Der Fea 
; : ; tae Riser shown at upper left is 5-in. diameter and 18-in. length 
from a cylinder liner casting is shown 
in Fig. 4. A section of the 5-in. riser 


from the cylinder liner casting (Fig. 
o: fo ieee ts Oe 8 , » diel Fig. 4—Hardness test specimen machined from lower end of cylinder line 
3) is shown in Fig. 5, anc > ma- . Ein ¢ Eo 9 , 
hini : 8 , in Fic. 6 similar to one shown in Fig. 3. Brinell hardness of 228 was recorded at thre 
chining operation 1s shown in Fig. 0. points across the section, which is 25%-in. thick. 


Carbon Control 

From the foregoing it is apparent 
that many “grades” of iron are 
necessary to produce castings of 
proper strength and composition to 
render them suitable for the appli- 
cations for which they are intended. 
For example, the iron used in large 
cylinder liners (21.5-in. I.D.) will 
contain far too little total carbon 
for use in super-deLavaud pipe, and 
the iron used in a caustic pot would 
be much too high in total carbon 
for use in cylinder liners and so on. 

While the writer has not over- 
looked the importance of the other 
elements entering into the chemistry 
of the iron, it is felt that the total 
carbon present is of extreme impor- 
tance in its influence on the proper- 
ties of the finished product. 

The total carbon content of the 
iron is, of course, influenced by fac- 
tors such as the percentage of steel 
scrap and/or pig iron in the charge, 
the amount and type of coke used, 
blast pressure, blast temperature, 
melting rate, tapping technique, 
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Fig. 5—Section of a 5-in. diameter riser removed from a 21.5-in. I. D 

cylinder liner as shown at upper left in Fig. 3. Note Brinell hardness figures 

range from 217 at the center to 228 near the outer edge. This test piece and 
the test piece shown in Fig. 4 were from the same casting. 


Fig. 6—Cylinder liner in process of machining. Eight of the 12 port open- 
ings can be seen. 
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melting temperature, auxiliary equip- 
ment used in connection with the 
cupolas, and many others. 

As previously stated, a definite 
knowledge of the chemistry of the 
raw materials used is very impor- 
tant. For example, total carbon de- 
terminations are made of all samples 
of pig iron in addition to the de- 
termination of the usual elements. 
This, along with a knowledge of the 
total carbon content of the othe 
materials making up the charge, 
makes it possible to calculate the 
carbon in the charge. This calcula- 
tion is made in the same way as the 
calculation for silicon, for example, 
except that there is no deduction 
made for loss in melting, because 
in a well-run cupola there is almost 
without exception a carbon pickup 


Recording Cupola Mixtures 

If proper records of cupola mix- 
tures are kept, they will in time be 
invaluable to the operator in making 
up mixtures to produce irons of pre- 
determined carbon content and, 
furthermore, it will enable him to 
make a graph or graphs showing the 
total carbon level to be expected in 
the iron at the cupola spout when 
the carbon in the charge is known. 

All of the cupolas operated by the 
company with which the author is 
connected are of the front-slagging 
type which, of course, means that 
iron flows from the taphole con- 
tinuously from start to finish of the 
heat. At no time is there any ap- 
preciable accumulation of molten 
iron in the well of the cupola, but 
the small amount which does collect 
remains at a constant level because 
it flows out as fast as it is melted. 
This type of operation results in 
uniform carbon pickup, which is one 
of the essentials of carbon control. 


Intermittent Tapping 

In cupolas which are tapped in- 
termittently the amount of molten 
iron in the well may range from 
several tons (in the larger cupolas) 
to practically none in the few min- 
utes required to make a tap. This 
means that the depth of iron within 
the cupola is constantly changing, 
and under these conditions the car- 
bon pickup is apt to be less uniform 
than when the metal is removed as 
fast as it is melted. 

It is not inferred that uniform 
carbon pickup in the cupola cannot 
be obtained with intermittent tap- 
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Table 2 
Coxe TypEs—ANALYSIS 
PERCENTAGE 
By-product Beehive Pitch 

Fixed 
carbon 90.0-92.0 93.0-95.0 98.0 plus 
Ash 7.0- 9.0 5.0 0.50 
Sulphur 0.6 0.5 0.30 
Volatile 
matter 0.6- 0.9 0.9 1.0 


ping, but it requires a little closer 
supervision. An exact tapping cycle 
must be established, and the time 
between taps must then be main- 
tained by means of a stop watch. 

Frequently, with intermittent tap- 
ping, a cupola tapper can see no 
harm in allowing the time between 
taps to vary 10 or 20 or 30 seconds, 
although actually this may be a high 
percentage of the established time 
cycle (between taps) and variations 
of the magnitude just mentioned 
may materially affect the percentage 
of total carbon in the iron tapped, 
especially in mixtures containing high 
percentages of steel. For the purpose 
of carbon control, the company with 
which the writer is connected has 
on hand three types of coke, used 
either singly or in combination. The 
approximate compositions of these 
cokes are shown in Table 2. 

By-Product Coke 

All other things being equal, the 
total carbon in irons melted with 
by-product coke is lower than that 
obtained when using either of the 
other types, and the pitch coke pro- 
duces irons higher in total carbon 
than either of the other cokes,while 
melting with beehive coke produces 
irons of intermediate total carbon 
content. 

From this it is obvious that there 
is an infinite number of possible coke 
combinations which could be used 
to help control the total carbon. 
As an example of the effect of dif- 
ferent types of coke on carbon pick- 
up, the comparison between the bee- 
hive and by-product types is shown 
in Table 3. 

With mixture “A” the carbon 
pickup was 1.32 per cent, which is 
the difference between the average 
total carbon in the melted iron (3.04 
per cent) and the calculated carbon 
in the charge (1.72 per cent). With 
mixture “B” the carbon pickup was 
1.04 per cent, which is the differ- 


ence between 3.05 per cent in the 


melted iron and 2.01 per cent cal- 
culated to be present in the charge. 

The carbon pickup with mixture 
“A” may be looked upon as unusu- 
ally high (as compared to results 
obtained with mixture “B’’) 
much as it contained 25 per cent 
more steel and 18.1 per cent less 


inas- 
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87.5 per cent cast scrap, whe: elted 
with 100 per cent beehiy 
the ratio of 10:1, produce j h bay 
ing a total carbon in the ve of 
3.35 to 3.45 per cent, » the 
same mixtures with the s coke 
ratio produce irons close to Det 
cent total carbon when one-third of 
the beehive coke is repla with 


automotive cast scrap calculated at 
3.20 per cent total carbon than mix- 
ture “B” (these percentages being 
based on the amounts of materials 
present in mixture “B’’). This dif- 
ference in carbon pickup is attrib- 
uted to a large extent to the differ- 
ence in characteristics of the types 
of coke used. 

From previous experience it has 
been found that had mixture “A” 
been melted under identical condi- 
tions with 250 Ib. of by-product coke 
(instead of beehive), the total car- 
bon in the iron coming from the 
cupola would have been in the range 
of 2.75-2.85 per cent. 


Pitch Coke 
As an example of the effect of 
pitch coke on carbon pickup, the 
comparison shown in Table 4 is 
given to show the effect of replacing 


a portion of the beehive coke with 


pitch coke. 

Results of a large number of de- 
terminations have shown that when 
using cupola mixture “C” melted 
with 300 Ib. of beehive coke, the 
total carbon in the melted iron will 
fall in the range of 3.00-3.15 per 
cent, while the same mixture melted 
with 250 Ib. of beehive coke plus 
50 Ib. of pitch coke will produce 
irons having a total carbon in the 
range of 3.25-3.40 per cent. 

Other mixtures containing 12.5 per 
cent southern pig iron (No. 2) and 


pitch coke. 


Mixtures containing 75 per cent 
southern pig iron and 25 per cent 
cast scrap using beehive coke in the 
ratio of 15:1 yield irons containing 
slightly above 3.70 per cent total 
carbon, and these mixtures 
when using by-product coke in the 
same ratio produce irons containing 
about 3.60 per cent total carbon.. 


same 


Mechanical Charging 

As previously stated, auxiliary 
cupola equipment plays an import- 
ant part in control and uniformity 
of the molten iron. All cupolas in 
this company’s foundries are charged 
mechanically with the exception of 
one, which will be changed over 
soon as installation can be made 

Mechanical charging usually im- 
proves the operation because it is 
easier to keep the cupola filled to 
the charging door level at all times 
during the melting operation, and 
the types of charging equipment 
used distribute both the metal and 
coke in the cupolas in a much more 
satisfactory manner than is accom- 
plished by hand. 

This is especially true with cupolas 
of larger inside diameters, where 
charging crews often are prone to 
place the heavier components of the 
charge near the charging door open- 
ing and in hot weather more of the 





Table 3 
Coxe Tyre Errects ON CARBON PicKuUP 


Materials 
Silvery pig iron (8 per cent Si)...... 
Steel scrap (No. 2) 
Automotive cast scrap 
Totals.. 


Carbon in charge 
Coke per charge.. 
Coke ratio .. 

Cupola size . 

Total Carbon** 
Range, per cent...... 
Average, per cent....... 


*Mixture “‘A’’ contained 4 lb. Si in form of 50 per cent lump to bring Si in both 


same level. 


**In each case total carbon determinations were made on 12 consecutive ladles (2 to: 


the melted iron. 


Mixture “A”’* Mixture “B” 


Ib. percent Ib. per cent 
100 5 100 5 
....1,000 50 800 40 
900 45 ~ 1,100 55 
seeeee23000 100 2,000 100 
1.72 2.01 
250 (Beehive ) 250 (By-product 

8:1 8:1 
72 in. 1.D 72 in. I.D 
3.00-3.06 3.00-3.08 
3.04 } 
nh of 
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‘ke charge than should be is placed 

ar the charging door, in order to 
rotect the “chargers” from heat in- 
de the cupola. 

Weighing Equipment. Referring 
gain to cupola mixtures “A” and 
B” mentioned in the foregoing, it 

pointed ‘out that the results with 

\ixture “A” indicate a total car- 
bon of 3.03 per cent plus or minus 
).03 per cent, and with mixture “B” 
the total carbon was 3.04 per cent 
plus or minus 0.04 per cent. This 
uniformity was accomplished in a 
large measure by exercising great 
care in weighing of all the compo- 
nents of the cupola charge. 

The steel, an automotive cast 
scrap, was loaded with a crane and 
magnet on a 12,000-Ib. capacity plat- 
form scale. The charging car and 
bucket weigh 4,000 Ib., which, of 
course, has to be taken into account 
by the scaleman or weighmaster. 
Furthermore, this man looks over 
the materials being charged and 
sorts out any materials not shown 
on his charge sheet. 


Weighing Cupola Charges 

The silvery pig iron (100 Ib. per 
charge) was weighed on a portable 
platform scale of 500-lb. capacity, 
and several piles of this material 
weighed in advance are shown in 
Fig. 7. The coke was weighed on 
the same set of scales as was used 
for the silvery pig iron. The con- 
tainers are steel drums cut in two 
and with handles welded to each 
half. The gross weight is marked 
on each container and, for conveni- 
ence and ease of handling, the coke 
is weighed in batches of 100 lb. or 
less, as shown in Fig. 8. 

The 50 per cent lump ferrosilicon, 
totaling only 8 Ib. per charge, was 
weighed as shown in Fig. 9 on a 
24-lb. capacity spring scale of the 
type frequently used by housewives 
around the kitchen. The foregoing 
procedure, when properly super- 
vised, certainly leaves very little 
room for doubt regarding the accur- 
acy of weighing of the materials 
used and the operator is always re- 
warded with uniformity, not only in 
total carbon results but in al! of the 
elements involved. 


Cupola Blast Moisture Control 

One of the variables of consider- 
able magnitude which affects cupola 
operations is the moisture content of 
the air used for the blast. This may 





813 





Table 4 
Errect or Prrcu Coke ON CARBON Pickup 


Materials 
Malleable pig iron 
Steel scrap (No. 2 
Duriron scrap 


Manganese steel 


Totals 
Carbon in charge 
Bechive coke per charge 
Pitch coke per charge 
Total coke per charge 
Coke ratio 
Cupola size 
Total carbon, per cent 


vary from 2 grains per cu. ft. on 
cold winter days to as much as 12 
grains per cu. ft. on hot sultry days. 
The moisture content of the air may 
also vary within the limits referred 
to during the course of a single day’s 
melting operation. 

There are 7,000 grains in one |b. 
Now let us consider the possible 
variation in the amount of water 
carried into a cupola with the air 
blast when melting 200 tons per day, 
as is often the case at one of the 
plants being discussed. This oper- 
ation will require about 5,200,000 
cu. ft. of air, so that the water blown 
into the cupola will be between 
1,500 Ib. (180 gal.) and 9,000 Ib. 
(1,080 gal.). 

From these figures it is evident 
that the control or elimination of a 
variable of such magnitude is well 
worth consideration. For this reason 
equipment for controlling moisture 
in the cupola blast was installed at 
this plant. 

The installation is designed to re- 
move moisture from 13,000 cu. ft. of 
air per min. down to 4 grains per 
cu. ft. in the summer season, and 
also is capable, in dry weather, of 
introducing as much as 7 grains per 
cu. ft. 

The principle of operation lies in 
the fact that the system contains a 
solution of lithium chloride which, 
under the proper conditions, has a 
large capacity for absorption of 
moisture from the air. However, 
this absorption capacity can be con- 
trolled and predetermined by regu- 
lating the temperature of the lithium 
chloride solution. 

Moist air from the outside is taken 
in through a filter to remove dust 


Mixture “C” Mixture “C” 


Ib. per cent lb per cent 
700 35 700 35 
1,100 55 1,100 55 
100 5 100 5 
100 5 100 5 
2,000 100 2,000 100 
1.66 1.66 
300 250 
none 50 
300 300 
6.7:1 6.7:1 
72 in. ILD 72 in. L.D. 
3.00-3.15 3.25-3.40 


and dirt. It then passes through the 
“contactor cells” in intimate con- 
tact with a spray of lithium chloride 
solution, where moisture is removed 
or added) to a predetermined 
amount within the design limits of 
the system. 

To prevent loss of lithium chloride 
solution due to carry-over, the air 
passes next through a series of glass- 
wool eliminators, and finally is 
drawn through a set of heating coils 
and thence to the cupola blower in- 
take. The heating coils maintain the 
cupola blast at a temperature of 
105° F. 

When a cupola is operating so as 
to require 10,009 cu. ft. of air per 
min. taken into .he moisture control 
system, with 8 grains of moisture per 
cu. ft. and leaving with only 4 grains 
per cu. ft., the lithium chloride solu- 
tion is taking on about 40 gal. of 
water per hr. To maintain efficient 
operation of the system, this excess 
water must be removed continuous- 
ly and as rapidly as it is absorbed. 

This is accomplished in the re- 
generator unit, where a part of the 
diluted lithium chloride solution, 
after being heated to a temperature 
of 235° F. in the solution heater, 
is sprayed over a relatively small 
contactor surface where a_ small 
stream of outside air passes over it. 
At the elevated temperature (235° 
F.) referred to the solution gives up 
the moisture which was previously 
removed jrom the cupola blast. 

The lower part of the regenerator 
unit serves as a storage space for the 
solution when the system is not in 
operation, and it also houses a series 
of filters which constantly remove 
foreign material from the solution 
when the system is in operation. 
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In the winter season it is necessary 
to add moisture to the cupola blast 
in order to maintain a year-’round 
constant control. This is accom- 
plished by means of a small heating 
coil where the solution is heated 
with steam to a temperature at 
which it will give up moisture to 
the cupola blast in just the amount 
required to maintain proper control. 
The principle of operation of the 
heating coil is somewhat the same 
as that of the regenerator. 

While it so happens that the com- 
pany with which the author is con- 
nected has installed a moisture con- 
trol system for maintaining a year- 
‘round uniform moisture content of 
4 grains per cu. ft. of cupola air 
blast, this figure in itself is not par- 
Whether the 


system be designed for 2 grains or 5 


ticularly significant. 


grains or any other figure, the sig- 
nificant feature is that variations in 
moisture content of the cupola blast 
have been eliminated. 

It is well to point out at this time 
that even though the moisture con- 
trol system is fully automatic in its 
operation, it requires daily inspec- 
tion and setting of some of the con- 
trol valves and thermostats. This is 
taken care of by a laboratory tech- 
nician, who spends an average of not 
more than 30 min. per day to make 
all adjustments. 

Air Weight Control Blower. As 


previously stated, about 5,200,000 


Fig. 7—Silvery pig iron (100 lb. 
per charge in this case) being 
weighed in advance on portable 
platform scales. Note several piles 


at right ready to be placed in charg- 
ing buckets. 
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cu. ft. of air are required to melt 
200 tons of iron in the cupola. Air 
at 14.7 lb. psi. atmospheric pressure 
and 60° F. weighs 0.0764 lb. per 
cu. ft. It is evident from these figures 
that for every lb. of iron melted, 
practically one Ib. of air is required. 
Every effort is made to weigh ‘the 
metal charges accurately and, to in- 
sure uniformity of operations, the air 
should be weighed accurately. 

To this end an automatic air 
weight control blower was installed. 
This blower is operated by means 
of a 150-hp. motor (D.C.) and is 
capable of delivering 13,000 cu. ft. of 
air per min. at a pressure of 2 lb. 
The amount of air delivered to any 
one of the four cupolas lined to 72- 
in. I. D. is measured in lb. per min. 
so that the blower reading in lb. per 
min. will be close to the melting rate 
of the cupolas expressed in lb. of 
metal per min. 

The older blowers used by the 
company are of the positive dis- 
placement type. Each revolution de- 
livers a definite volume of air to the 
cupolas, so that running at a con- 
stant rpm. will deliver a fairly con- 
stant volume of air. 

However, to deliver a constant 
weight of air to the cupolas with 
the older blowers require 
constant adjustment in speed cor- 
responding to the slightest changes 
in atmospheric temperature and 
pressure. For this reason it is obvi- 
ous that the constant-air-weight- 
control blower eliminates the vari- 
ables of constantly changing atmos- 
pheric conditions. 

Balanced Blast Cupolas. Two of 
the four cupolas at one of the com- 
pany’s plants and two cupolas at 
another plant are of the balanced- 


would 





blast type, each equipped one 
row of main tuyeres and tw. rows 


of auxiliary tuyeres. Th maip 
tuyeres are provided w slide 
valves so that they may be opened 
or closed at will during the course 
of the heat. 

Two of the main tuyere: met- 
rically opposite are closed at the 


same time so that the area directly 
in front of them is heated to a tem. 
perature sufficiently high to melt of 
all overhanging slag. After 8 or 10 
min. these are opened and _ two 
others are closed. This procedure js 
continued throughout the duration 
of the heat and results in the pre- 
vention of bridging and blocking up 
of the main tuyere openings | 

The openings of the auxiliary 
tuyeres are adjustable, but the set- 
tings cannot be changed without 
shutting off the cupola blast. Th 
upper, or auxiliary tuyeres, bring 
about more complete combustion of 
the coke and thereby make possible 
a more efficient cupola operation 
and in conjunction with the con- 
trollable main tuyeres the balanced- 
blast cupolas melt somewhat faste 
and at higher temperatures with th 
same coke ratios than the cupolas 
provided with tuyeres of the con- 
ventional type. 

Processing the Iron. As previous- 
ly stated, all of the cupolas operated 
by the company are of the front- 
slagging type. Molten iron from th 
cupolas runs directly into forehearths 
or teapot ladles, where an amount 
equivalent to several cupola charges 


Fig. 8—Coke charges are weighed 

on same platform scales as shown 1 

Fig. 7. Gross weight is marked o1 
each container. 





Fig. 9—Small 24-lb. capacity spring 
ale is used to weigh 50 per cent 
ump ferrosilicon when used in small 


amo.nts (8 lb. in this case). 


is stored and mixed, resulting in 
greater uniformity of metal composi- 
tion than would be obtained when 
tapping directly from the cupola into 
the pouring ladles. 

This is especially true when the 
capacity of the pouring ladles is 
small (1,000 Ib. or less). The size 
of the forehearth ladle is such that 
it will hold as much molten iron as 
the cupola melts in 10 to 15 min. 
From this it is obvious that different 
sized forehearth ladles are used with 
different sized cupolas. 

While the forehearth is being 
filled with molten iron and after 
each ladle is taken out, the metal 
in the forehearth or teapot ladle) 
is treated with fused soda ash for 
the purpose of reducing the sulphur 
content, removing entrained silicates, 
increasing fluidity, and for deoxida- 
tion and grain refinement. 

As the metal is transferred from 
the forehearth or teapot ladle to the 
pouring ladles, it is inoculated in all 
cases with a minimum of 0.2 per 
cent (2 lb. per 1,000 lb. of molten 
iron) of zirconium silicide, which is 
an alloy containing 35-40 per cent 
zirconium and 50 per cent silicon. 
This is an excellent scavenger and 
deoxidizer. 

In addition to this, 75 per cent 
grade ferrosilicon also is added, as 
all of the mixtures are calculated 
with the silicon content in the iron 
at the cupola spout somewhat (0.20- 
0.40 per cent) below that desired in 
the final product, thus deliberately 





leaving room for a “late” addition 
of ferrosilicon. This type of oper- 
ation has a very distinct advantage 
in that it makes it possible to pour 
castings varying widely in section 
size from the same “base” iron. 
This is done by adjusting the 
cupola mixture to “fit” the castings 
having the heavier metal sections. 
For lighter castings varying amounts 
of ferrosilicon are added, and for 
the heaviest castings very little ferro- 
silicon and varying amounts of ferro- 
chromium or one of the stabilizing 
types of inoculants may be added. 
In addition to those just referred to, 
other alloys and inoculants are added 


to the molten iron when necessary. 


Inoculant Types 

These may be either the graph- 
itizing type or the stabilizing type. 
When producing high-strength irons 
for use in thin-walled castings, 
double inoculation often is resorted 
to, the purpose being to facilitate 
machining. Double inoculation con- 
sists in making additions of both the 
graphitizing and stabilizing types, 
and has been a very successful pro- 
cedure especially in cases where low- 
carbon-equivalent irons are used. 

All of the ordinary alloying ele- 
ments such as nickel, chromium, 
molybdenum, copper, titanium and 
vanadium may be used separately or 
in combination, depending upon the 
class of iron to be produced, the 
particular application, or the cus- 
tomer’s specifications. The purpose 
of the use of inoculants is to control 
the structure of the iron in the cast- 
ings, that is, to produce irons having 
a pearlitic matrix, free of ferrite, 
with graphite flakes in random dis- 
tribution. 





Fig. 10 


Caustic pot made in ac- 
cordance with the process described 


in the text. Inside diameter, 10 ft 
334-in.; height, 8 ft. 3 in.; weight, 
30 OOO lh. Metal section rances from 
2¥Y2-in. near top to 3Y2-in. in bot- 
tom. Chemical composition in per- 
centages: silicon, 1.04; sulphur, 
0.054; manganese, 0.90; phosphorus, 
0.12; total carbon, 3.81. 


From each ladle of iron a chill- 
test specimen is poured which is 
used as a guide and quick checkup 
for the cupola operator. The size, 
or dimensions, of the chill-test speci- 
men will depend upon the composi- 
tion of the metal, and this in turn 
is governed by the size and type of 
castings to be poured. All chill-test 
specimens are poured against water- 
cooled, copper chill blocks so that 
chill depth is not affected by vari- 
ations in the temperature of the chill 
block. 

As a further aid to the cupola 
foreman, strict laboratory control is 
When the 
“orade”’ of 


maintained at all times. 
cupolas melt one type or 
iron for several hours in succession, 
samples for complete chemical anal- 
ysis go to the laboratory hourly. 

Results of total carbon determina- 
tions are returned to the cupola 
foreman within 10 min. and the 
silicon, sulphur, manganese, and 
phosphorus are reported as soon as 
they have been completed. This 
usually requires 45 min. to one hour. 
Two sets of test bars (2 per set) are 
poured daily from each type of 
“regular” iron. 

When producing high - strength 
irons, certain irons made to custom- 
ers’ specifications, and practically all 
special castings, test bars and samples 














for laboratory analysis are poured 
from each ladle. The bars are han- 
died in the physical testing labora- 
tory, where transverse strength, de- 
flection, and Brinell hardness are 
determined. 

Tensile-test specimens are ma- 
chined, on a lathe set up in the 
laboratory especially for this pur- 
pose, from the halves of broken test 
bars, and tensile strengths are deter- 
mined in the usual manner. The 
laboratory is of ample size and has 
adequate facilities for handling large 
numbers of samples for complete 
chemical analysis, and is equipped 
to make all of the physical tests re- 
quired to furnish complete data on 
all castings produced. 

Likewise, there is a complete 
microscopic laboratory with dark- 
room facilities. These are used con- 
stantly for visual examination of the 
structure of the irons, and in cer- 
tain instances photographic records 
are kept. 

Producing High Quality Cast Iron. 
A series of custom-made, high qual- 
ity cast irons (patented) is produced 
by the foundries with which the 
author is connected. The method of 
manufacture is based upon the use 
of synthetic pig iron containing a 
maximum of 0.20 per cent of phos- 
phorus. This pig iron is made by 
melting down a cupola charge con- 
sisting of 100 per cent steel scrap 
or other ferrous materials containing 
relatively small percentages of silicon 
and carbon, such as malleable scrap 
or any combinations of these ma- 
terials. 

During the melting process, in the 
cupola, the charges absorb upward 
of 3.00 per cent of carbon, and thus 
the iron tapped out will have a com- 
position generally falling within the 
following limits: 


Component Per Cent 
Silicon a veces 0.10-0.40 
Sulphur Pas San Nae 0.10 max. 
RIIOD * isissaccatcoccbiaitiebeastionien’ 0.20-0.40 
PINT so cessisssopsovesenianneioonetiond 0.20 max 
Total carbon ...3.10-3.50 


This iron is collected in a 10-ton 
capacity teapot ladle where several 
of the cupola charges are mixed in 
order to obtain uniformity through- 
out the bath of metal. From time 
to time, during the melting process, 
ladles of iron are taken out of the 
teapot ladle and poured into ingot 
molds. During this transfer of molten 
iron from the teapot ladle to the 
pouring ladle, additions of silicon, 








manganese, zirconium or any other 
elements ordinarily used may be 
made. 

Howéver, this is optional and is 
governed by the end product for 
which the metal is to be used. Upon 
solidification the ingots are removed 
from the molds and taken to the 
iron yafd, where they are broken 
into pieces of suitable size for re- 
charging into the cupolas for the 
second and final melting operation. 

Brief examination of the analysis 
of the iron as tabulated in the fore- 
going will make evident the fact 
that this metal remelting can, by 
means of proper additions to the 
cupola charge, be made suitable in 
composition for use in castings of 
any metal section whatsoever. 


Cupola Charge Additions 

Where relatively low-silicon-high- 
carbon irons are required, relatively 
small additions of materials high in 
silicon will be added to the charge. 
No “raw” steel will be used, so the 
final product will be relatively high 
in total carbon content, that is, in 
the range of 3.45 to 3.90 per cent. 

The manganese can be held at any 
desired level, and in some instances 
has been deliberately kept as low as 
0.20 per cent. This was in iron for 
a number of large caustic pots (Fig. 
10) where manganese in the normal 
range of 0.70-1.00 per cent was 
found to impart an objectionable 
color to the finished product. 

Ordinarily, irons of low-silicon 
and high-carbon contents are used, 
as previously stated, for caustic pots, 
kettles, jackets, covers, autoclaves, 
ingot molds, and a variety of other 
shapes used in chemical industry. 
This type of iron is soft and resistant 
to heat shock as well as to grain 
growth in applications where cast- 
ings are subjected to elevated tem- 
peratures (below the critical) for 
long periods of time. 

When iron made by the foregoing 
methods is used for castings requir- 
ing a high-strength iron, the cupola 
charges will contain synthetic pig 
iron (previously described) and the 
percentage of steel deemed necessary 
for the class of iron being produced. 

From the foregoing description of 
the process it is evident that any 
class of high quality iron can be pro- 
duced, ranging in tensile strength 
from 25,000 to 60,000 psi. All 
operations relating to the cupola 
practice are carefully controlled and 
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supervised as previously d: 

One of the chief differ 
tween irons produced by th 
and the other irons produ: 
the fact that up to 1.5 pe: 
lb. per ton) of zirconiu: 
frequently is used as a lad 1 
lant and, while this alloy « a 
is looked upon as a graphit 
ditions even in very large quan 
do not result in the formation of 


ferrite in the microstructure. An) 
of the alloys ordinarily used jn cay 
iron may be used in iron produced 


by this method if and when th 
occasion demands; 


DISCUSSION 


Chairman: T. E. EaGan, Cooper-Bess: 
mer Corp., Grove City, Pa. 

H. Lovette’ (written discussion): If 
the “lighting-off’ of the cupola has not 
been performed in a most satisfactoy 
manner, we have found from experien: 
in our foundry that about the third hou 
bridging occurs, effectively reducing thy 
melting rate and producing metal wit! 
an apparent “spot” at the spout. When 
this condition prevails what advantag 
would the Balanced Blast Cupola hay 
over the conventional type? 

Secondly, is it possible to have a “spot 
on the iron when the total carbon is in 
the range 3.45 to 3.50 per cent? We have 
found that this phenomenon occurs very 
frequently when the total carbon is in 
the lower range 3.20 to 3.30 per cent 
and entirely absent in the forme: 

Mr. Levi (reply to Mr. Louette’s writ- 
ten discussion): I believe that the bal 
anced-blast cupola would materially hel; 
in preventing the formation of the bride 
which you state occurs after about threr 
hours’ operation. You also state that ar 
apparent “spot” is visible on the iron at 
the spout. This “spot” as you know, ap 
pears while the iron is cooling off and 
usually starts to appear at about 2550° F 

Between 2550° F. and 2500° F. the 
surface of the iron will be made up of a 
combination of dark glossy (mirror-like 
areas and brighter matte surfaces. These 
matte surfaces are what I believe you ar¢ 
referring to when you mention “spots.” 
Below about 2500° F. the entire surface 
of the iron would have the matte appear- 
ance; just one big “spot,” so to speak 
Above 2550° F. the surface of the metal 
should be entirely free of “spots” and, 
as previously stated, would have a mirror- 
like surface. 

The reduction in melting rate caused 
by the bridging of the cupola can also 
be indirectly, at least, a cause for the 
appearance of the “spots,” especially 1! 
you tap your cupola intermittently. With 
this type of operation you probably allow 


the well of the cupola to fill up before 
tapping. 

As the melting rate falls off, due t 
bridging, it requires progressively longe! 
time intervals to fill the cupola we!!, and 
inasmuch as the molten iron ir = 


is losing temperature it is quit 


that you are tapping at a te! ature 
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elow that at which the “spots” start 
form on the surface. 

Even with the balanced-blast cupola it 

possible to form a bridge if the ma- 

rials charged are too long, or if in- 

sufficient coke and limestone are used 
Scaffolding’ which can take place at 
nv level in the cupola stack could not 
be prevented by use of the balanced- 
blast type of cupola. 

In reply to the second paragraph of 
Mr. Louette’s discussion I would say it 
is possible to have a “spot” on the sur- 
face of the iron when the total carbon 
is in the range of 3.45 to 3.50 per cent. 
We handle many tons of iron daily with 
total carbon in this range (and higher) 
ind all of it is poured at such a low 
temperature that the “spot” is present on 
the surface. 

I believe that the “spot” starts to form 
at higher temperatures as the total car- 
bon (or at least the carbon equivalent) 
falls off and if both irons are melted at 
approximately the same temperature the 
“spot” will probably appear more fre- 
quently on the surface of the metal hav- 
ing the lower total carbon content. 

Mr. Lovette: We would like to have 
you answer whether a balanced blast 
cupola would have an advantage? 

Mr. Levi: The balanced blast cupola 
does help keep any bridge or any over- 
hanging slag and droplets of iron which 
freeze in front of the tuyeres melted 
off. Closing up the tuyeres creates a 
hot spot in front of the tuyeres. I think 
that you would probably have some ad- 
vantage, because your bridging, of course, 
is just above the tuyeres. The balanced- 
blast cupola would not necessarily pre- 
vent “hanging-up” or “scaffolding” be- 
cause this can take place at any level in 
the cupola stack. 

H. E. Gravitn*®: Did you have an ex- 


perience with sizes of coke as weil as 
coke types? 

Mr. Levi: We have received some 
fairly small coke and found that the 
smaller coke gives us lower carbon pick- 
up. We have not had too much experi- 
ence with it. 

Mr. Graviin: Do you put more em- 
phasis on the size of your regular coke? 

Mr. Levi: No, we take it as it comes. 

MemBer: I was interested in the 
kindling tuyeres. How far below the regu- 
lar tuyeres are they placed and just what 
are they? 

Mr. Levi: I can not say how far below 
the regular tuyeres they are placed be- 
cause I do not know how far your tuyeres 
are above the sand bottom, but they open 
right at the top of the sand bottom 

Memser: What is to prevent the iron 
from flowing out? 

Mr. Levi: We plug them up before 
we start the blast. Ours happen to be 
4 in. dia. pipe which open right at the 
top of the sand bottom. We allow the 
draft to go through them until shortly 
before the blast is turned on, then we 
put a ball of mud into each kindling 
tuyere and ram it flush with the inside 
of the lining of the cupola. We have a 
cover which fits over the tuyere to hold 
the mud ball in place. 

MemBER: You use 4 lb. of soda ash, 
is that per ton? 

Mr. Levi: Yes, per ton of metal 
charge. If you put, say 6 one-ton charges 
in your cupola, you would use 24 lb. of 
soda ash. 

MemBer: That is used with each 
charge? 

Mr. Levi: That is right, put it right 
in with the limestone or whatever flux 
you are using. 

J. A. Bowers’: I would like to know 
if there is much variation of carbon con- 
tent in the same grade of pig iron re- 
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ceived at different times? 

Mr. Levi: We find some variation in 
our silvery pig. In 8 per cent silvery, we 
ordinarily figure about 2.6 per cent car- 
bon. However, we have found it to run 
as low as 2.4. I do not believe it will 
have too serious an effect, especially if 
the percentage present in the charge is 
relatively small. 

We do find some variations in the car- 
bon on our regular pig iron. I figure the 
carbon in malleable grade of pig iron 
with 2.20 per cent silicon to be about 
4 per cent. It may be a little under or 
over, but we do have some variations. 

I have some figures on southern pig 
iron. In a carload of pig iron with 1.13 
per cent silicon and 0.71 per cent phos- 
phorus, we found 3.80 per cent carbon 
The one in this particular group which 
is closest to that is 1.17 per cent silicon, 
0.69 per cent phosphorus with 4 per cent 
carbon. That is the widest variation I 
have here. I do think, in running a total 
carbon on pig iron, that it may not be 
too reliable because there is so much 
graphite present, but we run them and it 
at least gives us an idea where we stand 

Memser: In weighing your coke, is it 
under cover or is it out in the open? 

Mr. Levi: We have it both ways. 

Memser: How do you figure it when 
it gets wet? 

Mr. Levi: We do not make any extra 
additions. We use too much as it is. 

T. R. Wacker‘: Have you used any 
graphite briquettes and what is your ex- 
perience? 

Mr. Levi: We have not used graphite 
briquettes so I can not tell you what the 
effect is. 
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PRODUCTION OF MALLEABLE 
IRON castings cannot be classified 
under any standard operations. Pro- 
cesses used in the industry vary 
greatly in all departments, including 
melting, core making, molding, clean- 
ing, annealing and engineering. This 
paper mentions factors which di- 
rectly affect the quality of the cast- 
ings, and result in the elimination 
of unnecessary scrap, which is gen- 
erally caused by improperly con- 
trolled manufacturing methods. 


Melting 
Pig Iron 

The first requisite in purchasing 
pig iron or any other material is to 
establish reliable sources to be famil- 
iar with certain characteristics. The 
important factors to check on pig 
iron are: chemical composition, in- 
cluding harmful residual alloys; mi- 
crostructure; and nature of manu- 
facture. 

Chemical Composition—U nder 
chemical composition can be in- 
cluded analysis of carbon, manga- 
nese, silicon, sulphur, phosphorus, 
chromium, copper, molybdenum, 
and any of the other elements. 


Microstructure—T he microstruc- 
ture of malleable pig iron has not 
been stressed much. The size and 
shape of the graphite particles should 
be of interest. We definitely have 
proven that the size and shape of 
graphite in silvery iron have a direct 
relationship to the carbon nodules 
in both malleable and pearlitic mal- 
leable iron. The appearance of ab- 
normal amounts of phosphides in 
the silvery pig is detrimental to an- 
nealability of the iron. 


Nature of Manufacture—Manu- 
facturing variation from one year to 


another is apt to change the char- 
acteristics of the pig iron; therefore, 
affect the properties of the molten 
iron. It is well to check the blast 
furnace operations. Table | is a form 
which can be used for this check. 

Briefly review this form, on qual- 
ity of iron as affected by Blast Fur- 
nace Practice. 


Steel Scrap 

All steel scrap should be graded 
according to analysis, size and type, 
and piled so as to avoid danger of 
mixing. 

Size and Shape—Good scrap 
should be free from excessive rust, 
any plated metal, and be of the 
proper size, shape and weight. Gray 
iron scrap is objectionable due to 
its effect on graphitization. 

Chemical Analysis—In connection 
with the furnace charge, it is im- 
portant that the scrap steel should 
be carefully examined for possible 
presence of alloys. Care should be 
exercised to avoid excessive amounts 
of residual elements, which will 
affect the graphitization of the metal 
in the hard iron and in the annealed 
state. Most important of these are: 
chromium, tin, and aluminum; of 
which chromium is the most liable 
to cause trouble, due to the fact that 
it occurs in many steels. 





This paper covers what 

the author considers the 
best practice to control 
the quality of malleable 
iron castings, and to pro- 
duce them at the lowest 
possible price consistent 
with good quality. 











Some foundries have discovered 
that additions up to 0.002 per cent 
boron is effective in counteracting 
the carbide stabilizers of 
alloys, especially chromium. 

With further reference to chro- 
mium in drop forge flashings or 
other shapes—if it is known that 
certain shapes are apt to contain 
chromium, they must be removed 
and segregated from the charge. 


Fuel 

Coke and Limestone—Coke and 
limestone for cupola operation should 
be purchased to conform to definit 
and uniform specifications. They 
should be checked, not only as to 
the analysis as in the case of cok: 
but to size, strength, and cleanliness 


Coke 
It is recommended that when a 
satisfactory cupola coke has been 
obtained, a standard analysis b 
established, and all coke checked 
against that analysis. 


residual 


It is also good practice to work 
close with the coke oven in regards 
coals used and coking time. 

The following form is suggested 
for coke analysis: 


Fixed Carbon 

Volatile 

Sulphur 

Ash 

Percentage Cellular Space 

Moisture 

B.t.u. 

Weight per cu. ft. (Wet) ; 

Screen Test——33.5% retained on 2 
in. mesh 

85.0% retained on 2 in. mesh 

Shatter Test—50 Ib. from a height 
of 6 ft. four times; 36 lbs a 


shall be retained on a 2 1 
screen 

NOTE: The cellular space to. 
determined according to fol- 
lowing formula: 

1. Apparent specific gravit) 104 
= 9% cellular space truc speci 


gravity 
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Table 1 


Quatity oF Iron As Arrectep BY BLast FURNACE PRACTICE 


Pic IrRon—B.iast Furnace Data 
1. Furnace No. Location | 12. Air per minute cu. ft. «lbs 
2. Superintendent.. Date Produced | 13 _— burned per hour.... Ibs. lbs. per sq. in area at max, 
1a. 
3. C siti f Ores: P , 
a, — = | 14. Pounds of air per pound of fuel... Air. per lb. of carbon 
Fe | 15. Blast velocity through tuyeres ft. per min 
Phos. | 16. Composition of top gases....% CO....% CO,....% H....% 
~ = | 17. Temp. of top gases °F. 
C20 | 18. Burden per hour....lbs.....lbs. per sq. ft. area at max. dia 
MeO 19. Composition of slag (flushing slag) 
Mn Si O: 
Per cent Al, O; Appearance of slag 
Pounds 20. Weight of iron produced per hour Ibs. 
4. Coke Charge Ibs. Coal Charge Ibs. | Weight per sq. ft. area at max. dia. per hour W- 
5. Rounds per day . Analysis: | 21. Depth of metal in hearth at tapping fe 
6. Kinds of Coke: Fixed Carbon 22. Casting Temp. ny 
1. Shatter Test “ Vol. Hydro C. min. 
Be  N -  Vercxcvcxscunsense Ash .. | av. 
Da Ts ic ciccnvicines Sulphur . ae ee ene ee 
OO Eee Water Bees Fime be SNSeR Coe hrs. 
“ : : al . | 24. Dimension of furnace: 
7. a of Coke: | 1. Stock line to tuyeres ft. in. 
airtel sae any ~~ y ennai 2. Tuyere level to hearth ft. in. 
2. Av. Time for 250° Temp. Rise | 3. Size and number of tuyeres 
3. Ignition Temp...... a 4. Iron notch to conder notch ft. in. 
8. Kind of Coal......... . Analysis: 5. Dia. of hearth ft. in. 
Fixed Carbon 6. Dia. at top of both ft. in. 
Vol. Hydro C. 7. Cubical contents of furnace cu. ft. 


Ash .... 
Sulphur . 
9. Limestone Source.... Water 
Analysis: 
CaCO, . CaO 
MeCo, MgO 
Oxide 
SiO: 
10. Blast Temp. . Max. Min. 
11. Blast Pressure...... Av. Ibs. per sq. in. 


Lbs. of limestone per round.. 
Lbs. of limestone per ton 


T.C. C.C. 





Barometric press 


Humidity 


Cycle |} 28. 
Max. Min... | 29. 


25. Number of stoves 
26. Chemical Analysis: 
AVERAGE OF Five Pics 


27. Atmospheric temperature degs. F. 


In use Heating up 


Si. Mn. P. S. 


max. 
min. 

' av. 

in. He. 

grs. per cu. ft. 





NOTE: Analysis of ash: 
Silica—per cent 
Iron Oxide—per cent 


Aluminum Oxide—per cent 
Lime—per cent 
Magnesia—per cent 
Fusion point of ash—°F. 
Limestone 


The limestone shall be of such size 
that 90 per cent will be retained on 
a | in. screen, and no particle shall 
be in excess of 2 in. 

Chemical analysis shall be as fol- 
lows, computed on air-dry basis: 





Calcium Carbonate.......... —% Min. 
Magnesium Carbonate.... —% Max. 
SOD wilh aaceldbaborisiaine —% Max. 
Iron and Aluminum 

a sei cnstivadseabetinbaks —% Max. 
I saiileriasinsiddebeionas —% Max. 
en —% Max 
Ferro Alloys . 


These should be purchased on 
analysis, or from sources known to 
conform to specifications. Under 
this caption can be included: Ferro- 
silicon, ferro-manganese, silicon, and 
manganese briquettes. 


Tlocepyu 


Refractories—T hese should be 
purchased on a performance basis, 
and from reputable firms. 


Molding Practice 
Molding Sand 

The nature of the molding sand 
will determine the necessary tests to 
maintain the properties of the sand. 
All incoming raw material used in 
the molding sand preparation should 
be carefully checked. It is advisable 
to keep close control of new ship- 
ments of sand, especially as to grain 
s‘ze and distribution. It is important 
that incoming sand be uniform from 
day to day. 

Other materials on which ‘controls 
should be maintained are: seacoal 
and rebounding clay. In general, coal 
for seacoal should not contain over 
6 per cent ash and a minimum of 
30 per cent volatile combustible mat- 
ter. The sulphur content should be 
under 0.50 per cent. 

Rebonding clays of various types 
can be controlled by using a pre- 


determined per cent of clay with the 
optimum amount of water, and 
using A.F.A. 50-70 mesh standard 
sand, 


Core Sand 

Sand—In many plants the incom- 
ing core sand is the same as that 
used for molding sands. This is espe- 
cially true in a mechanized plant 
using conveyor molding. Therefore, 
it is important that the core sand is 
carefully controlled. Cores in mal- 
leable foundries probably are the 
cause of as much trouble as any other 
single item, so uniform core sand is 
a prime requisite. Screen analysis 
and grain distribution must be 
checked periodically as incoming 
shipments. 

Core Oil—All incoming core oil 
should be checked by any or all of 
the standard tests. The chemical 
laboratory should check the specific 
gravity, saponification number and 
viscosity. The sand laboratory should 
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run baked tensile and permeabil- 
ity tests on standard sand, mixed 
in the laboratory and baked in the 
laboratory oven. Also check the core 
mix by baking in the production 
ovens. Conditions of ‘ baking time 
and temperature should be standard- 
ized in the laboratory test. Other 
tests, such as: gas evolution, sticki- 
ness, effect on skin, etc., should also 
be made. 


Flour 
any other flour, should be checked 
for density, and for green compres- 
sive strength developed in an em- 
perical mixture with standard sand. 
Another characteristic of flour is that, 
if the cores are blown the core mix- 
ture have excellent “blowability” 
Our experience has been that lighter 
flour will better than the 
heavier ones. Some arbitrary figure 
for density of the flour should be 
set up. The author uses a maximum 
of 13 Ib. per cu. ft. 

All other material used in the core 
room, besides those mentioned should 
be subjected to test. These include 
bentonite, iron oxide, etc. 


Incoming corn flour, or 


blow 


Annealing 

Heat Treating 

The raw materials used in the 
heat treating of malleable castings 
include—annealing pots or contain- 
ers, refractories and fuel. 

Annealing Pots—There are gen- 
erally two tests sufficient for anneal- 
ing pot control—a chemical analysis 
for the desired elements and an 
oxidation and growth test of the 
metal. The chemical analysis of an 
iron pot will vary with different 
sources of supply. The oxidation 
test can be conducted on a 3x6x 
in. plate of the pot material, weighed 
before and after each trip. A stand- 
ard maximum percentage loss in 
weight can be used for control. A 
growth test can be conducted on a 
1 in. square, | ft. long bar accu- 
rately measured before and after one 
or more trips through the oven. 

Refractory Blocks —Refractory 
tests are often made if annealing 
car blocks are produced from certain 
mixtures at the foundry where they 
are used. A minimum strength tes* 
is specified. 


Fuel—Fuel for annealing, if oil 


or coal is used, can be analyzed to 
advantage to maintain uniform 
operation. 


Operation Control of Processes 
Melting 

Irrespective of what method of 
melting is employed, some limits of 
chemical analysis must be set up for 
control purposes only. 

The two principal conditions to 
meet in the production of a salable 
iron are: (1) the ability of the iron 
to have the proper strength, and 
(2) good machinability after heat- 
treatment. To pass this test, it is 
usually necessary for a test bar pro- 
duced from the heat to show certain 
minimum physical properties, and a 
test sprue of given dimensions to 
show little or no primary graphite. 

Fracture Testing in Hot Iron 
This should produce a fracture in 
the casting comparable to the test 
sprue. A test sprue about 8 to 9 in. 
long; about 134 in. at one end and 
2 in. at the other should be satis- 
factory for medium heavy castings. 

It is true, that there are other 
conditions besides the nature of the 
iron, which can produce mottled iron 
castings. The cooling rate of the 
casting in the mold directly effects 
the mottling condition. It is neces- 
sary to control pouring conditions, 
iron temperature and the many other 
variables which directly effect the 
conditions of the iron 

While test bars are a valuable ad- 
junct in the control of quality, the 
author knows of no better test than 
to periodically break castings under 
average conditions and inspect for 
mottle and soundness of the casting. 

Chemical Composition—For close 
control, preliminary chemical analy- 
sis should be taken for carbon, sili- 
con and manganese. The time and 
conditions under which the tests are 
poured is a matter to be taken up 
in each case, depending upon 
whether the operation is continuous 
or intermittent. Sufficient tests 
should be taken to guarantee a uni- 
form iron going into the mold. 

Final analysis of each heat, or at 
certain intervals throughout the day, 
should be run on the regular ele- 
ments. Since chromium is consid- 
ered an undesirable element—once 
a day, or more often, this element 
should be run and maintained at a 
predetermined maximum. 

Temperature — Temperature con- 
trol should be maintained at the 
melting unit and throughout the 
pouring operations. Good pyrome- 
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ters are available, and ther 
reason for not installing 
temperature control equipn 
will pay big dividends. 

Blast—Blast control of by 
ume and pressure is necessa1 
successful operation of a cu 
duplexing. In air furnace m« 
to maintain proper furnac: 
phere—the atomizing or ai: 
the fuel and air calls for 
standardizing and 
mixture. 


Humidity and Hot Blast—| 
pola duplexing, both hot blast and 
humidity control are a valuable ad 
dition to the operation to insur 
maximum uniformity. 

As you increase the number of 
controls necessary to produce th 
best iron, an increasing personnel is 
required to carry out the operations 
but this is usually justified. 

Repair of Cupola—When th 
cupola is used in the manufacture of 
malleable iron, either as a single unit 
or in combination with air or elec- 
tric furnaces, the control of the cupola 
operations has a major effect on th: 
quality of the final product. The fol- 
lowing factors are important to con- 
trol: Construction of the cupola 
which includes—ramming of the bot- 
tom; building of the well; construc- 
tion of the tap hole and slag hol 
tuyere opening; and proper relining 
of the melting zone. It is important 
that the height of the coke bed and 
the order and nature of the charging 
be standardized according to a. pre- 
determined practice. Not enough 
emphasis is placed on this part of 
the operation. 


control 


Air Furnace—In the operation of 
an air furnace, there are numerous 
important rules to follow to produc 
uniform metal. The repair of the 
furnace must be properly made and 
maintained. This includes the bot- 
tom, tap hole, side walls, roof 
bridge wall, and the throat of the 
furnace leading to the stack 

The charging procedure should 
standardized and maintained accord- 
ing to predetermined good practic: 
Fuel consumption should be che« ked, 
and be undef constant contro!. Other 
controls include: the standardizing 
of melting down;  superheating; 
tapping; together with prop: 
ferring of the iron. 

Electric Furnace—The us the 
electric furnace is general s a 
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holding furnace. Following are some 
of the details to be controlled: the 
bath level should be kept constant 
and either slag free or under con- 
trolled slag; the electrical equip- 
ment must be in perfect order to 
hold carbon pick-up to a minimum; 
records should be kept of Kwh per 
ton, electrode consumption, refrac- 
tory life and any other factors affect- 
ing the operation of the electric 
furnaces. 

Ladle Practice—All pouring and 
transfer ladles, and forehearths, 
should be of standardized design and 
construction, in order to obtain the 
longest life, and produce the highest 
quality iron. The following details 
should be considered: (1) mixing of 
ladle lining material, (2) ramming 
of ladle lining material, (3) thor- 
ough drying and preheating to avoid 
the presence of moisture. 


Molding Practice 

Molding Operations—It is im- 
portant to produce consistently a 
mold of the same hardness. There- 
fore, automatic jolting is one factor 
which should be advantageous, to 
eliminate the variation in the num- 
ber of jolts. The proper amount and 
duration of the squeeze is another 
variable which should be controlled. 

Molding Sand—Sand should be 
checked periodically for moisture, 
permeability and bond strength. The 
temperature of molding sand is im- 
portant in order to prevent the sand 
from sticking to the pattern and pro- 
ducing dirty castings. The tempera- 
ture of the sand should be held to 
a minimum. Other control tests to 
be made daily, or as often as neces- 
sary, are: dry compressive strength: 
green tensile strength; sand distribu- 
tion curves; and per cent of seacoal 
and clay. , 

Equipment Control—On a mech- 
anized molding unit, it is important 
that, all operating details are closely 
controlled. Some of these can be 
listed as follows: 

1. Condition of muller and muller 

blades 
. Clay and seacoal feed arrange- 

ments 
3. Regulating the amount of spill 

sand 
4. Condition of revivifier 
. Condition of screening equip- 

ment — also magnetic equip- 

ment 


rh 
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Seacoal Preparation Unit—If sea- 


coal preparation is carried out in the 
foundry, it is important that the sea- 
coal be crushed, so that the fineness 
meets a given specification. A 
coarsely ground seacoal has many 
detrimental effects. 


Core Making 

Once a satisfactory core mixture 
has been worked out for a particular 
job, the physical properties should 
be determined through standard 
methods, and the process checked 
regularly. 

Dried Sand—The first step in 
maintaining a uniform mixture ts to 
start with a dry sand. If the com- 
pany operates its own drier, a cer- 
tain amount of attention will be 
required to maintain the proper dry- 
ing control. 

Operation of Mixers—In the oper- 
ation of the mixers, it is important 
to weigh carefully or measure all in- 
gredients. If this is properly done, 
the duplication of a. given core sand 
mixture calls for standardized mixing 
practice. This can be accomplished 
by controlling the sequence of addi- 
tions to the mixer, and total mixing 
time. 

Properties of Mixtures—The prop- 
erties of the core sand mixtures 
should be determined in the green 
and baked condition. Usually the 
batches should be tested for moisture, 
green compressive strength and baked 
tensile strength. The baked tensile 
strength test should be carried out 
in the standard laboratory oven, and 
at least once a day in each produc- 
tion oven. This will give a check 
on both mixtures and baking con- 
ditions. 

Operation of Core Ovens—The 
operation of the core ovens should 
be constantly checked as to the time 
of heat, temperature, loading and 
other operating details. 


Heat Treating 

Temperature Control—There are 
many good heat-treating practices. 
They all vary to a considerable ex- 
tent, depending upon the type of 
iron used, and the heat-treating 
equipment available. The tempera- 
ture throughout the charge must be 
uniform for good annealing. 

Good pyrometry equipment is 
necessary, and frequent checking of 
thermocouples against tested stand- 
ards must be constantly carried out. 
Once a satisfactory annealing cycle 
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is used, it should be maintained. 

Combustion and Atmosphere—In 
operating radiant-tube atmosphere 
control ovens, it is necessary to run 
gas analyses in order to maintain 
proper atmosphere. Gas analyses 
should be periodically taken to main- 
tain proper combustion of the fuel, 
used in heating the tubes. 


Life of Pots, Trays, Stools—The 
material cost for this part of the 
operation runs high and demands 
constant checking and control to 
hold cost per ton to a minimum. 
Accurate records of the material in 
use, and new materials on test, 
should be kept. 


Control of Loading—In the opera- 
tion of controlled atmosphere ovens 
of the continuous type, uniform 
loading by weight of the trays is 
important. To a lesser extent this is 
also true of the car type ovens. 

Test Lugs and Test Bars—Some 
customers demand test lugs to be 
placed on castings. In this case, it 
is well that the size and shape of the 
test lugs be standardized for various 
casting sections. 

Use of the regular round tensile 
bar is principally for controlling the 
uniformity of the metal from day to 
day. For control of annealing opera- 
tions, some plants also use a % to 
1 in. square bar, 6 to 8 in. long. 
Others use a wedge-shaped bar. 
Some bar should be used to indi- 
cate by bend or fracture, the na- 
ture of the anneal. 


Processing 

Tools—There is a certain amount 
of control required to maintain 
proper equipment in the processing 
of the castings. If shear knives, mill- 
ing cutters or broaches are used in 
the removal of gates, the quality of 
these tools should be checked. | 

Cleaning—The wheelabrating and 
milling of castings should be 
studied, for the purpose of obtaining 
a satisfactory, cleaned casting in the 
least time. The control of these 
operations is a function of the sur- 
face condition of the castings, to- 
gether with the type of equipmen 
available. 

Welding 

Some plants make a practice of 
welding defects on annealed cast- 
ings. All welded castings must be 
either completely re-annealed or 
given an 8-hr. temper at 1350° F. 
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The control of this operation is im- 
portant, so as not to allow hard 
welds to be put in service. 


Engineering 

The first requisite in the produc- 
tion of a sound casting is to en- 
gineer and gate the job properly 
Once this is established it should 
be adhered to, and no changes made 
unless the job shows excessive scrap, 
such as: cracks, dirt, etc. A record 
control of the original layout, and 
any changes made, should be kept, 
so that if the job is out for a period 
of time, it can be replaced with com- 
plete information at hand. 

Some plants take photographs or 
make sketches of all new jobs as 
soon as a satisfactory gating has 
been developed. Cores and chills are 
also sketched and photographed. A 
case history card of each job, with 
the following data, serves as valuable 
information for the particular job: 


Data on molding sand mixtures. 

Data on core sand mixtures, includ- 
ing properties. 

Analysis: of scrap, as to cause and 
percentage. 

Weight of iron in mold. 

Weight of rough casting. 

Yield of good casting. 

Changes made in pattern equipment 
on gates and risers. 

Inspection 

Inspection control can be aug- 
mented by the use of x-ray or 
radium. Both can be used to de- 
velop proper gating. Numerous 
plants use magnetic particle meth- 
ods to inspect castings for cracks. 
Cutting up castings in both the hard 
and soft state and etching the pieces 
in acid, is probably the most satis- 
factory method of checking the 
soundness of a casting. 


DISCUSSION 


F. Josepn, 
General 


Saginaw 
Motors 


Chairman: C. 
Malleable Iron Div., 
Corp, Saginaw, Mich. 

R. A. Loper':Is it economical to use 
test lugs? 

CHAIRMAN JosepH: During the last 
ten years in our plant we have eliminated 
test lugs, due to the fact that we have 
felt it better to control the metal than to 
control the casting. Test lugs are unneces- 
sary, if you have accurate control of the 
raw material, melting process, and the 
annealing process. 

We do not have test lugs on our cast- 
ings. Most plants that make large cast- 
ings, do put test lugs on castings. If they 
put test lugs on the castings, those test 
lugs should be of the proper shape and 
design. Very often the round test lug is 
put on the casting or is put in a place 
where it does no good. 





Years ago, when we used test lugs, 
they were put on certain parts of a cast- 
ing where they did not mean very much, 
and they were the wrong shape such as 
a little round test lug in place of a long 
slended test lug. Then we used to make 
the test lug so it would snap off easily, 
rather than take a bend. There was a 
sharp corner at the bottom of the test lug 
rather than a fillet. 

I think it is a matter of policy whether 
to put test lugs on for the control of the 
product. The better your control in 
processing the metal, the less necessity 
there is for test lugs. 

E. M. Srricx’: On castings of certain 
design do the test lugs give a true pic- 
ture of the product? 

CHAIRMAN JosEPH: I do not say that 
a test lug should not be vsed on certain 
castings. We do not run test ldgs for a 
number of reasons. They cost money to 
break off for one thing, and if you avoid 
anything that costs money in the making 
of a casting, it is one step in the right 
direction. If your practice is what we 
call sloppy and lacks accurate control, 
then I would think test lugs are very 
important. A lot of companies specify 
test lugs unless you can arrange with 
them to omit the test lug. 

I have seen a lot of test lugs broken 
off in a foundry, where the man just 
knocked the test lug off and there was 
no visual examination made of the test 
lug. In that particular case, the test lug 
is useless, unless it actually is examined 
to evaluate the fracture. 

Mr. Strick: You want the test lug to 
bend to denote the ductility of the metal, 
and if it was not struck in correct man- 
ner it sheared off leaving a lustrous, 
steel-like fracture that was useless as far 
as visual examination was concerned? 

CHAIRMAN JosepH: That is right. 
Also if a test lug is broken hot it will 
appear satisfactory. If it is broken cold, 
it will not appear so good. So there are 
a lot of factors that govern the proper 
breaking off of a test lug. 

Davip Tamor*®: Have you ever seen 
test lugs break white where the fracture 
of the casting is normal? 

CHAIRMAN Josepu: Yes, I have seen 
the test lug break white when the frac- 
ture of the casting was normal in the 
days when we had periodic box-type 
annealing ovens. 

Mr. Tamor: Then to what do you 
attribute that white fracture? 

CHAIRMAN Josepu: I think generally 
a thin section will break whiter than a 
heavier section. A heavy section will show 
a tendency to break white on the com- 
pressive side of the break. 

J. E. Renpver*: Speaking of control in 
operations, I understand it is sometimes 
the practice in an electric furnace to 
keep the doors open or not to keep them 
open. Do you classify that as atmosphere 
control over the iron? 

CHarRMAN JosepuH: It is true that in 
the operation of the electric furnace, 
whether it is for malleable iron or whether 
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it is for gray iron, if you have a 
atmosphere over the bath, you 

apt to mottle the iron, or it 

easier, at a lower total carbon a; 
content. If you leave the doors . . 
have an oxidizing atmosphere, “ 
run a higher total silicon and hor 
and not have primary graphit aa 
your casting. It is a matter of ox ; 

a matter of the atmosphere the 
bath. . 

For instance, in malleable pra = 
leave the door on the electric 
open, and in the manufacture of 4 gray 
iron casting you should keep the furnac, 
door closed or keep a slag on the bat} 
If you keep a slag on the bath in th: 
making of malleable iron, you will hay, 
to run your total silicon and carbon a: 
a lower total than if you keep the bath 
clean. 

Mr. Strick: In controlling analysis 
of iron to minimize primary graphite o; 
a heavy section casting in the 
melting practice for malleable iron js }; 
necessary at times to ladle alloy th, 
iron? 

CHAIRMAN JosEPH: Do you mea: 
where you make straight cupola or cupola 
electric iron? 

Mr. Strick: I mean the cupola ele: 
tric iron. 

CHAIRMAN JOSEPH: We have not used 
alloy for years. There was a time whet 


{ upola 


_ we did use a small amount of telluriun 


on a test we ran on one or two jobs, but 
we do not use alloy for producing whit 
fracture in heavy sections. We produc: 
iron to make the heaviest section that we 
fabricate. If we have to run the carbon, 
silicon or total carbon and silicon low, 
we just have to do that, but we have a 
certain maximum cross section which we 
can produce satisfactorily. 

It is not always the cross section of 
the casting that gives the mottle. It is 
the cooling rate in the mold. It is not 
that you standardize on a | '/2-in. sectior 
or a l-in. section. You naturally must 
examine the casting that you are pro- 
ducing; fracture and correlate that cast 
ing with your test sprue results 

Mr. Strick: In cupola electric prac- 
tice or cupola air-furnace practice, it 1s 
possible then to pour any section ol 
malleable casting within standards? 

CHAIRMAN JosePH: I would not sa) 
you could pour any section. You would 
naturally have to standardize on certain 
jobs. For instance, if you should get a 
job into your foundry that would graphi- 
tize, i.e., give you primary graphite in a 
heavy section of that casting, you would 
either have to use a chill on that cast- 
ing, put on mottling fins, or take som 
other steps to make that casting, unless 
you wanted to change your iron analysis 

For instance, in our particular 
we would not want to change 


plant 


iron 


just to take on a heavy job. If we had a 
heavy job come in that would graphitize 
in the mold, we would try to mak’ that 
some way or have it redesignec 0! do 
something about it before we W ild do 
anything to the iron. The iron s! ild be 
the same from week to week ‘ nonth 
to month, unless you are taking _ 

r tim 


which is going to run for a | 
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Then you might want to make some 
drastic change. Even then it would be 
critical to jeopardize the entire run of 
iron for just one job. 

Marcet Remy’: Would tellurium help 
in this particular case? 

CHAIRMAN JOSEPH: It would. I be- 
lieve some have used tellurium to a great 
extent in heavy sections. 

Mr. Tamor: We have used it but not 
with good results. Tellurium interferes 
with the graphitization of white iron so 
we do not use it. 

CHAIRMAN JosePH: Of course, we did 
use tellurium with the addition of a 
certain amount of silicon, but even then 
we did not believe we eliminated the 
primary graphite. We always had some 
minute primary graphite form. The frac- 
tures did not show white. They showed 
a gravish cast, and you could not see the 


large graphite particles, but they were 
still there under microscopic examina- 
tion. If you wanted to cut a section and 
look at it, it probably showed some small 
particles of graphite. 

Mr. Tamor: Would you like to add 
something in the way of slag control? 
I am thinking particularly of duplex 
malleable, where we are melting lower 
toward the tuyeres than for gray iron 
practice. 

CHAIRMAN Josepu: Do you mean slag 
control in the cupola? 

Mr. Tasor: I mean observing the 
slag in the cupola at '2-hr. intervals for 
color viscosity, and whatever controls are 
necessary. 

CHAIRMAN JosePpH: Naturally the 
most important thing in the slag is to 
have the slag flow properly from the 
cupola. That is usually controlled by the 
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flux that you use, the amount of flux, 
and the raw material condition that en- 
ters the cupola 

We have run ever a period of time 
slag control methods by color, by analysis, 
but it is not necessary, if you properly 
control material going into the cupola, 
fluxes, and the various melting opera- 
tions. I do not know of anybody defi- 
nitely that is running viscosity tests on 
slag. We have run some chemical analysis 
tests for iron oxide, magnesium oxide, 
and SiO,. We have also established cer- 
tain colors that we like to have, but 
those colors vary 

I do not know of anybody that is con- 
trolling cupola slag day after day. Period- 
ically they may, to see what their slag 
looks like or to get some idea of the 
analysis of the slag which they desire to 


maintain 
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THE REMARKABLE CONTRIBUTIONS 
of the steel foundry industry during 
the war in solving many of the crit- 
ical problems arising from the acute 
shortage of manufacturing facilities 
in many fields of industry, in par- 
ticular in the forging industry is, in- 
deed, a credit to the steel foundry 
metallurgist. The successful manu- 
facture of castings calling for tensile 
requirement of 150,000 to 200,000 
psi. as substitutes for forgings and 
fabricated assemblies is proof. 

In analyzing the fundamentals 
underlying this progress, we believe 
it to be the result of the extensive 
research into the proper utilization 
of alloys and the application of heat 
treating methods, including liquid 
quenching. 

Although considerable basic met- 
allurgical knowledge in this field was 
available as a result of work car- 
ried out in the wrought steel indus- 
try, its application in the foundry 
has presented many problems. As 
the greatest advantage to the engi- 
neer in using castings lies in the al- 
most unlimited possibilities in realiz- 
ing the ideal design, castings 
frequently are of much more intri- 
cate shape than forgings and, there- 
fore, more susceptible to excessive 
quench-stresses which may lead to 
cracking. 

The nature of a cast metal in it- 
self also tends to exaggerate this 
condition because of its inherent 
dendritic structure producing planes 
of weakness, in particular where 
abrupt changes of section occur. 


Presented at a Steel Session of the 
Fiftieth Annual Meeting of the Amer- 
ican Foundrymen’s Association at Cleve- 
land, May 10, 1946. 





In spite of these difficulties, the 
foundry industry proved itself fully 
capable of fulfilling the extreme de- 
mand placed upon it by a nation at 
war. Wartime conditions with their 
steady call for ever-increasing ton- 
nage, regardless of cost, are, how- 
ever, a far cry from the rigid com- 
petitive basis which forms the foun- 
dation of our peacetime manufac- 
ture and to which we now must re- 
turn, if not immediately, certainly 
within a few years time. 

If the foundry industry is to re- 
tain the gains made, and to further 
increase the field of application of 
castings for highly stressed parts, in 
particular in the automotive and al- 
lied industries, during the postwar 
period, consideration must be given 
to certain requirements of these 
consumers. 

Of, perhaps, the greatest concern 
to these industries today is the 
present method of the foundries in 
evaluating the properties of castings. 

Whereas the wrought steel manu- 
facturers have standardized their 
products by grading the steels ac- 
cording to their chemical composi- 





The author defines hardenabil- 
ity and discusses the Jominy end- 
quench hardenability test and 
the mechanism of hardenability. 
He also discusses factors affect- 
ing transformation of austenite 
to martensite, hence hardenabil- 
ity of the steel. Since harden- 
ability requirements are being 
incorporated in steel casting 
specifications foundrymen should 
become more familiar with this 


property. 











tion and supplemented this by perti 
nent information relative to th 
hardenability of each grade, thereby 
guaranteeing reproducible proper- 
ties with a given heat treatment, th: 
casting manufacturers are offering 
their products on the basis of phy- 
sical properties only as determined 
by tensile test of a 0.505 sq 
specimen prepared from a coupon of 
about | to 14% sq. in. area. 

The consumer, therefore, has thy 
choice of selecting a forging o1 
fabricated structure for which a ma 
terial of knewn chemistry and 
hardenability characteristics can b 
specified, or a cast design which, al 
though it may suit the particular 
part better, only can be purchased 
on a basis of physical properties 
as determined above with the chem- 
istry left to the option of th 
foundry and the hardenability char- 
acteristics unknown, or at least un- 
controlled. 


Specifying Castings 

The method of specifying steel 
castings on the basis of physical 
properties obtained on 0.505 test bar 
may be entirely satisfactory when 
it represents a casting requiring 
only annealing or possibly normaliz- 
ing. In the case of a casting, how- 
ever, that must be transformed into 
martensite, either through liquid 
quenching or if highly alloye: 
some less drastic heat treatment, 
order to produce the propertics re 
quired, it is evident that, although 
the 0.505 bar may exhibit (ie re 
quired minimum physica! )! 
ties, there is no guarantee | 
are reproduced in the cast 

Because of the design the © «sting 
may have a cooling rate mu 
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er than that of the test coupon and 
entirely insufficient even to produce 


out compositions most suitable to 
their individual type of work. 


martensite. The result of the conditions de- 
The test bar results alone are, scribed is that most firms in the 
therefore, not sufficient to judge automotive and allied industries 


properly the castings which they 
represent, although they serve as an 
excellent indicator of the quality of 
the particular batch of metal and its 
response to a predetermined heat 
treatment. 

The reluctance of the foundries to 
accept the chemical composition as 
part of the specification is quite 
understandable when we consider, 
first of all, the lack of standardiza- 
tion in melting equipment prevail- 
ing in the foundry industry as com- 
pared with the wrought steel indus- 
try, and, also, the fact that many 
foundries specialize in a particular 


class of castings and have, after 


have set up their own specifications, 
usually based on both chemical an- 
alysis and physical properties, there- 
by limiting the number of sources 
available as many foundries which 
may be perfectly capable of produc- 
ing the part in question, but are not 
prepared to add a new composition 
in their shop. 

Proposed S.A.E. Steel Casting S pe- 
cification. In an attempt to arrive 
at a specification which will serve 
the needs of these industries, and, 
at the same time, be acceptable to 
the foundry industry, the S.A.E. 
about a year ago organized a com- 
mittee composed of men represent- 
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ducers to study the problem. A 
short the 
tions made by this committee may 
be of interest in the fact 
that hardenability has been incorpo- 
rated in the specification of high 
strength steels. 


review of recommenda- 


view of 


A survey made of present con- 
sumer specifications the 
complete lack of standardization ex- 
isting, with many of the require- 


indicates 


ments almost identical and frequent- 
ly overlapping. This survey contain- 
ed data accumulated from sixteen 
of the largest users of steel castings 
in the automotive and related in- 
dustries. 

As a specification broad enough 
to cover each and every require- 
ment shown would be both cumber- 
some and impractical, it seemed evi- 
dent that the best approach would 











years of experimentation, worked ing both the consumers and the pro- be to divide the steels into the 
Table 1 
GRADES OF STEELS AND REQUIREMENTS OF PLAIN CarRBON AND Low ALLoy Cast STEEL 
*3 Min. Tensile Properties 
Chemical Analysis - Elon Heat 
SAE Approx. Equiv. Si P Ss Residual Alloy TS Y.P. in2in R.A. BH Treat 
Grade ASTM QQS-681b Description c Mn max max. max. max Limitations pa psi. percent percent *4 *5 
0022 4-27 Low carbon cast .12/.22 60 60 05 06 Residual alloys Not Required Aor N 
Rev. steel suitable for ad | shall be limited by or N-1 
carburizing. maximum core 
hardness required 
subject to specific 
agreement between 
producer and pur- 
chaser in inquiry 
and order. 
0030 -27 | General purpose 30) 0 60 0 06 see *2 65000 35000 24 35 131 AorN 
Rev. cast steel; welding *1 or N-T 
grade. or Q-T 
0050 3 Medium high car- .40/.50 50/90 20/.60 05 06 To be specified by 85000 45000 16 24 170 N or N-T 
bon cast steel suit- max. hardenability 
able for castings values when resid- 100000 70000 10 15 207 Q-T 
requiring high sur- ual alloy limita- 
face hardness. tions are required 
080 4-27 3 Carbon or alloy Not Required 05 .06 80000 = 40000 18 30 163 Aor N 
Rev. cast steel (usually or N-T 
of lower C content or Q-T 
than type 0050) 
090 A-148 4B2 Alloy cast steel. Not Required 05 06 90000 = 60000 20 Ba 187 N-T or 
Rev. N-Q-1 

7" _ ae reduction of .01% carbon below the max. specified, an increase of 44% Mn. above the max. specified will be permitted to a max. of 
% n. 

*2 Residual alloys, the determination of which shall be matter of agreement between the manufacturer and purchaser, shall not exceed the following 
limits: Copper, max. per cent—).50, Nickel, max. per cent—).50, Chromium plus Molybdenum, max. per cent—(.25, Tungsten, max. per| cent-—0.10 
—Total content of these unspecified elements, max. per cent—1.0. For each 0.1 per cent below this specified max. alloy content of 1.0 per cent an 
increase of 0.02 per cent chromium plus molybdenum content and 0.06 per cent nickel and copper content above the specified max. will be per- 
mitted. No change is recommended on the other chemistry or the carbon-manganese relationship. 

*3 These values to be obtained from coupons of 1-1%4 in. cross sections. Tempering temperatures for the castings to be adjusted for the required 
Brinell Hardness to compensate for variations of mass between casting and test bar. 

*4 These values are applicable to casting sections not over 3 in. 

*5 Explanation of abbreviations: A—Anneal, N—Normalize, N-T—Normalize-Temper, Q-T—Quench-Temper. 

Table 2 
Hicu StrenctH Steet CAsTINGs FOR STRUCTURAL PURPOSES 
—*3 Min. Tensile Properties— 
Elon. Heat 
SAE segue. Equiv. Chemical Analysis Hardenability TS. Y.P. in2in. R.A. B.H. Treat 
Grade ASTM QQS-68lb Description Cc Mn Si P max. S max. Factor H psi. psi. percent percent *] *2 
0105 A-148 402 Alloy Cast Not Required 05 06 Consult Table 3 (05000 85000 17 35 217. ~N-Q-T 
Rev. Steel for H values 

0120 A-148 403 Alloy Cast Not Required 05 06 Consult Table 3 120000 100000 14 30 248 «=6N-Q-T 
Rev. Steel for H_ values 

0150 A-148 404 Alloy Cast Not Required 05 06 Consult Table 3 150000 125000 4 22 311 N-Q-T 
Rev. Steel for H values 

0175 te Alloy Cast Not Required 05 06 Consult Table 3 75000 145000 6 12 3%3 4 N-Q-T 
Steel for H values 


*9 
« 


73 





Pueanticn of a 
Brinell Hardness. 


reviations: 


co These values are applicable to casting sections not over 3 in. 
N-Q-T—Normalize-Quench-Temper. 
hese values to be obtained from coupons of 1-144 im. cross sections. Tempering 


temperatures for the castings to be adjusted for the equivalent 
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minimum number of basic groups, 
each containing the essential classes 
needed to permit maximum degree 
of standardization throughout the 
industry. Accordingly, the following 
method of grouping was adopted: 

1. Plain carbon steels which, ex- 
cept for the carburizing grades, are 
specified by both chemical composi- 
tion and minimum tensile properties 
necessitated by their specific appli- 
cations, 

2. High strength steels specified 
by minimum tensile properties only, 
for miscellaneous uses where re- 
quirements do not justify harden- 
ability control, 

3. High strength steels specified 
by minimum tensile properties and 
hardenability requirements. 

Tables 1 and 2 show the different 
grades composing each group and 
their requirements. Although the 
majority of present consumer spe- 
cifications for high strength steel 
castings include both chemical and 
physical properties, it was felt that 
the chemistry could be left out of 


this specification by introducing 
minimum hardenability —_require- 
ments. 


Accordingly these steels were di- 
vided into the two groups, one to 
cover the field in general and lim- 
ited by minimum physical proper- 
ties only, and one for critical cast- 
ings as well as for castings ma- 
chined and heat treated by the con- 
sumer and covered by physical 
properties coupled with hardena- 
bility. 

Fiber Test 

The manufacture of castings to 
hardenability requirements is not 
new to the industry, at least not to 
those foundries who during the war 
were engaged in the manufacture of 
armor castings. It here took the 
form of the so-called fiber test which 
was introduced by the Army to in- 
sure that the castings were fully 
quenched out. 

For those that are not familiar 
with this test, the same consists of 
hardening and tempering to the re- 
quired Brinell hardness a sample 
representing the average cross-sec- 
tion of the casting and fracturing 
the same by impact. This test is 
based on the knowledge that a fully 


quenched out steel tempered to 


within a certain hardness range ex- 


hibits a 


fibrous fracture when 





broken by impact; whereas a steel 
not fully quenched out exhibits a 
crystalline fracture caused by pre- 
cipitation of ferrite. 

The hardenability requirements 
in the proposed specification are 
based on the Jominy end-quench 
method, and thereby permit the 
consumer to specify the degree of 
hardenability desired as will be dis- 
cussed later. 

It is fully realized that the incor- 
poration of hardenability require- 
ments in the foundry where the 
parts made attain their final shape 
right in the mold, presents certain 
problems not encountered in the 
steel mill. In the case of an off-heat 
in the foundry, little can be done 
but to scrap it; whereas in the steel 
mill where the metal is poured into 
ingot form, an off-heat can be di- 
verted to some less important part 
prior to rolling. With careful con- 
trol of all pertinent factors, how- 
ever, the well regulated foundry 
will not be unduly handicapped by 
these requirements. 

Before proceeding with our dis- 
cussion of the application of hard- 
enability requirements in the steel 
foundry, it may be in order to re- 
view some of the fundamentals 
underlying these inherent proper- 
ties in steel termed hardenability. 


Mechanism of Hardenability 

Hardenability may be defined as 
that property of a steel which en- 
ables it to resist transformation to 
the stable soft end products, ferrite 
and carbide, upon cooling from the 
austenitic stage. The degree of 
hardenability is measured by the 
percentage of the intermediate hard 
product, martensite, formed with a 
given cooling rate, regardless of just 
what maximum hardness this mar- 
tensite may achieve. 

Although there are many applica- 
tions, as will be discussed later, for 
shallow hardening steels in which a 
partially hardened or soft interior is 
an advantage, it is essential to have 
sufficiently high hardenability to 
produce martensite whenever opti- 
mum strength and ductility 
throughout a section are to be de- 
veloped. The size of section which 
can be uniformly heat treated to ini- 
tial high hardness and the depth of 
hardening in larger sections are, 
therefore, controlled by the mini- 
mum cooling rate which will pro- 
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duce martensite. 
A. Factors affecting hare 
ity in plain carbon steels. 
The formation of 
however, depends upon the st 
ing cooled rapidly enough 
vent the austenite to ferrite-: 
reaction, which reaction in tu 
matter of the nucleation rate for thy 
formation of ferrite and . 
Any change which retards 
rate contributes to 
quenching = speeds 


mat! 


nuclei. 
this nucleation 
slower critical 
and, in turn, to increased harden. 
ability. The nucleation capacity is, 
therefore, the actual controlling {a 
tor in hardenability. 

As the ferrite and carbide nucle; 
are largely located around the aus 
tenitic grain boundaries, it is evyi- 
dent that the size of the austenitic 
grains play an important roll, and 
that the smaller the grains th 
larger the total boundary surface 
and, therefore, the greater the num- 
ber of nuclei. As a result, a fine 
grained steel requires a 
quenching speed in order to produc: 
the same per cent martensite as a 


greater 


coarse grained steel of the same 
chemical composition. 
Hardenability Factors 
From this it follows that th 


chemical composition alone does not 
entirely control the hardenability, 
but that other factors which influ- 
ence the austenitic grain size, also 
must be considered. 

Of particular importance to the 
foundryman are the effects of van- 
ous deoxidizers used in making th 
steel. Frequently aluminum is 
added as a deoxidizer, and many 
foundrymen think of aluminum 
solely as a control for porosity and 
neglect its profound effect in in- 
creasing nucleation. The presence 
of a few hundredths of a per cent 
retained aluminum will greatly low- 
er the hardenability. 

Austenite, like most metals, is sub- 
ject to grain growth and coarsens 
with higher temperature, with the 
result that the nucleation rate de- 
creases and the hardenability in- 
creases. Identical samples _ heat 
treated to varying temperatures for 
austenitizing followed by quenching 
will, therefore, display difierent 
hardenability depending upon the 
temperature and the resultant aus 
tenitic grain sizes. 

B. Alloy steels. 

The increase of hardenability 
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through the transformation of a 
coarse austenitic grain, although im- 
portant, cannot be applied in prac- 
tice to any great extent. It, in- 
stead, becomes necessary to change 
the composition of the austenite 
through the addition of alloying ele- 
ments which all, with the exception 
of cobalt, will retard the transfor- 
mation and, therefore, contribute to 
the hardenability. The degree dif- 
fers with the element in question, 
some having greater effect than 
others. 

The extent to which the alloys are 
uniformly dissolved in the austenite, 
that is the homogeniety of the aus- 
tenite, is of great importance. In 
particular is this the case when 
sluggish alloys, notably chromium 
and other carbide formers, are used 
which require considerable soaking 
time and high temperature in order 
to fully dissolve. 


Carbide-Forming Elements 

If sufficient time or temperature 
is not allowed, these alloys will be 
only partially dissolved with the re- 
sultant decrease in _ hardenability 
under that anticipated, aside from 
the economic waste. The carbide 
forming elements are, furthermore, 
natural grain growth restrainers as 
long as some portion of the fine car- 
bide particles remain. 

These facts are of great impor- 
tance to the foundryman, especially 
when he utilizes alloy steels contain- 
ing such elements, and care must be 
exercised in the selection of suitable 
heat treat temperatures and soaking 
time. 

In addition to the alloys added 
purposely, most steels contain small 
amounts of residual elements such as 
boron, arsenic, tin, nitrogen, etc., all 
of which affect the hardenability. 
These elements, with the possible 
exception of nitrogen, are present in 
the charge and are particularly dif- 
ficult to control with the current 
scrap situation. 

Non - metallic inclusions formed 
through the addition of deoxidizets 
such as manganese, silicon and 
aluminum and which are retained 
finely dispersed in the steel, also ad- 
versely influence hardenability in 
that they restrain grain growth. 

The foregoing discussion has dealt 
with the factors affecting the trans- 
formation to martensite and the 
depth of hardening. It is to be re- 


membered, however, that martensite 
is a decomposition product of aus- 
tenite and that its physical charac- 
teristics are largely dependent upon 
its carbon content, that is to say, 
that the intrinsic 
martensite formed is primarily a 


hardness of the 


function of the carbon present; al- 
though the composition as a result 
of alloys has a certain limited influ- 
ence, for all practical purposes the 
above is the case. 

The ultimate tensile properties 
obtainable, being largely a function 
of the hardness, are, therefore, con- 
trolled mainly by the carbon con- 
tent, and the depth to which the 
steel can be transformed to pro- 
duce these properties is a function 
of the alloys plus residual elements. 


Hardenability Requirements 


The primary object of introduc- 
ing hardenability for high strength 
steel castings is, therefore, to insure 
that the castings are fully quenched 
out to the required depth, in other 
words, transformed to martensite. 
Only when this assurance is at hand 
do the test bars become representa- 
tive of the castings, thereby allowing 
proper interpretation of the same. 

The ultimate object, however, 
goes further than this and concerns 
itself with the need for some means 
of guaranteeing reproducible results 
in identical castings made from dif- 
ferent chemistries and heat treated 
alike. Frequently a consumer is 
forced to engage two or more sup- 
pliers in the manufacture of a given 
casting with the result that the heat 
treat department may receive iden- 
tical castings made from two or 
three different chemistries. 

The confusion that this is apt to 
lead to is readily understandable 
when we consider that although the 
same quenching temperature may be 
applied, each chemistry usually re- 
quires a different tempering temper- 
ature in order to produce the same 
properties. The necessity, therefore, 
of keeping the castings segregated 
according to their chemistry 
throughout the various stages prior 
to heat treatment makes such an op- 
eration undesirable. This condition, 
undoubtedly, has also contributed to 
the inclusion of chemistry in pres- 
ent consumer specifications. 

Complete reproducability may be 
difficult to obtain because of the in- 
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fluence of varving alloying elements 
upon resistance to softening with 
given tempering temperatures. — In 
particular do steels containing 
strony carbide-forming elements 
such as chromium and molybdenum 
require higher tempering tempera- 
ture or longer tempering time to sol- 
ten to a given Brinell hardness than, 
for instance, steels containing man- 
ganese where the alloy is mainly dis- 
solved in the iron and steels contain- 
ing nickel which has relatively little 
effect. Additional factors such as 
melting and deoxidation practice as 
well as segregations, etc., are also 


significant. 


Effect of Alloys 

Evidence is, however, at hand to 
show that a combination of various 
alloys in cast steels have little if any 
effect upon the mechanical proper- 
ties providing that the steels are 
fully may, 
therefore, various 


quenched out. One 
conclude _ that 
types of alloy steels of similar hard- 
enability and heat treated to the 
same hardness will exhibit similar 
properties. As the question, how- 
ever, is one of reproducing the prop- 
erties with similar heat treatment, 
not only the type of alloys present 
but also the carbon content must be 
considered. 

It may, therefore, in the final end 
be necessary to grade the steels ac- 
cording to carbon content and pos- 
sibly according to the type of alloys, 
namely carbide forming or non-car- 
bide forming. The effect of the lat- 
ter, however, can probably be min- 
imized if care is exercised in select- 
ing the proper time necessary for 
tempering. 

Because of the radical departure 
in the proposed S.A.E. specification 
from previous such writings, it was 
deemed advisable for the present to 
introduce only the basic hardenabil- 
ity requirements necessary to enable 
the consumer to specify the degree 
of hardenability desired for a given 
casting thereby assuring that not 
only the test bar but also the cast- 
ing will meet physical requirements. 

At some later date ‘when the 
foundries have had the necessary 
time to thoroughly familiarize them- 
selves with operations to harden- 
ability requirements and much ad- 
ditional data not yet available has 
been collected and evaluated, it is 
hoped that a hardenability specifica- 
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tion for steel castings equal or more 
comprehensive in its application 
than the specification at the present 
time used in the wrought steel in- 
dustry can be written. 

Although the simplest solution in 
introducing hardenability require- 
ments for steel castings may on the 
surface appear to be the adaptation 
of some of present wrought steel 
hardenability bands, the following 
considerations make it evident that 
such is not the case. These bands 
are the result of an evolution which 
started with the construction of 
bands representing the maximum 
and minimum limits of given chem- 
istry ranges. 

The field obtained in such a man- 
ner was divided into three sections 
and the middle third adopted in ac- 
tual operation. It was, however, 
soon found that about twenty per 
cent of the heats made fell outside 
this range. As a result, the bands 
were widened by increasing the car- 
bon by 0.02 per cent over the upper 
middle third limit and lowering the 
carbon by 0.02 per cent under the 
lower middle third limit. This modi- 
fication resulted in approximately 
97 per cent of all heat tabulated 
falling within the limits. The bands, 
as finally adopted, were set a shade 
wider than the above. 

When we therefore consider the 
fact that the bands are 
modifications of 


present 
based on given 
maximum and minimum chemistry 
limits and, as a result, only indicate 
the hardenability to be expected 
with these chemistries, the adoption 
of the same for castings can only 
lead to approximate values which 
may or may not be applicable. 


Hardenability in Foundry 
When it 
ered that the major reason for in- 
troducing hardenability in the found- 
ry is to insure that the casting is 
fully quenched out to a _ predeter- 
mined depth, it appears simpler to 
base the hardenability requirements 
on a minimum as quenched Rock- 
well hardness representing a certain 
percentage martensite that must be 
obtained in a given section thickness 
than to attempt an adaptation of a 
series of bands. In particular is this 
so as the chemistry to be used is to 
be left at the option of the foundry. 


is furthermore consid- 


In order to establish the minimum 
as quenched hardness, however, it 


is necessary to decide upon the per- 
centage martensite which shall rep- 
resent a quenched out structure. Al- 
though it is generally conceded that 
full quench hardness is required in 
order to obtain maximum strength 
and ductility, this in practice fre- 
quently leads to serious difficulties 
because of the magnitude of inter- 
nal stresses produced. 

Grossman in his pioneering work 
established a 50 per cent martensite 
limit at the center of a given cross 
section as the minimum requirement 
for full hardening of a steel. Al- 
though the 50 per cent martensite 
structure is sufficient to insure so- 
called “full hardening” for carbon 
and low alloy steel, considerable dif- 
ference of opinion exists as to the 
adequacy of this percentage for 
higher hardenability steels. 

With the knowledge at hand sup- 
plied by such’ investigators as 
Boegehold and others, coupled with 
the experience obtained in a num- 
ber of foundries working to harden- 
ability requirements during the war, 
it was felt that a minimum of 80 
per cent martensite constitutes a 
workable basis. 

To guard against over alloying 
which may result in excessive hard- 
enability leading to cracking, max- 
imum limits should rightfully be in- 
cluded along with minimum limits. 
The question arises, however, as to 
what would constitute the proper 
basis for maximum limits. 


Susceptiblity to Cracking 

This is particularly so as little 
data is available as yet relative to 
the relationship between hardena- 
bility and susceptibility to cracking. 
Lacking this necessary data is was 
believed advisable to exclude max- 
imum limits in the foundry until 
such time that more information on 
crack sensitivity is at hand. 

Specific cases may, however, arise 
where the casting forms a part of a 
composite structure requiring weld- 
ing, thereby necessitating a max- 
imum limitation which usually is 
then best procured by limiting the 
carbon content. 

In view of the above considera- 
tions, it was decided to base the pro- 
specification on minimum 


posed 


hardenability values only, leaving 
the analyses to the option of the 
foundry, except that the carbon lim- 
its must be declared to the con- 
sumer in order that the Rockwell 
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hardness values for the as « 

structure can be established 
Depending upon the st: 

which the castings will be 

in service, the hardenability 

ments will differ. In_ th: 

tensile and impact stresses 

stance, as has already bee: 

it is generally conceded th 1X: 

imum hadenability is essenti: 

der to obtain maximum pr 


whereas in the case of torsion o; 
bending stresses a relatively 

hardening steel may suffic: his 
latter statement is, however, stil! de. 


batable and two schools of though; 
exist on this subject. 

In order to meet these varying ry 
quirements, it was desirable to writ 
the specification sufficiently flexib! 
to allow for varying degrees of hard 
enability for similar cross section 
With this in mind Table 3 has been 
proposed. 

Table 3 shows the minimum 
quenched Rockwell hardness fo: 
varying carbon contents necessary 
to obtain an 80 per cent martensiti 
structure and the equivalent dis- 
tance on the Jominy bar for varying 
cross sections hardened to the cen- 
ter, as well as one-fourth and one- 
eighth of the section thickness 


Critical Section Thickness 

In selecting the hardenability fac- 
tor for any given casting or group 
of castings, both the so-called “criti- 
cal section thickness” of the casting, 
by which is here meant the thickness 
of the most highly stressed portion, 
and also the type of stresses to 
which the casting will be subjected 
in service, as already mentioned, 
must be carefully considered. The 
application of the table is probably 
best shown through the following 
example. See Table 3. 

In the case of a casting with a 
critical section thickness of one inch 
(as specified by the consumer) and 
required to meet a minimum of 
120,000 psi., in other words typ‘ 
S.A.E. 0120, and subjected in serv- 
ice to stresses requiring full harden- 
ability within the limits of the speci- 
fication, the following procedure 's 
applied. 

Consulting Table 3 we find at 
the top that one inch thickness cor- 
responds to factor H-2, and 
lowing the vertical line to 
tom of the table to C that in order 
to harden to the center a |) rden- 


bot- 
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ibility equal to a distance of 5/16 
in. on the Jominy end-quench bar 
is required. 

Although the chemistry does not 
form a part of the specification, the 
foundry must declare to the con- 
sumer the minimum carbon limit for 
the steel to be used. In the case of 
0.30 per cent carbon steel, as indi- 
cated on the left side of the table, it 
will be found by following the hori- 
zontal line that the corresponding 
as quenched hardness must be 
Rockwell C 42 minimum for 80 per 
cent martensite. This specification 
will, therefore, read S.A.E. 0120 
H2C and indicates that a steel of 


sufficient hardenability to produce a 
minimum of Rockwell C 42 at a dis- 
tance of 5/16 in. on the Jominy 
end-quench bar must be selected. 

Similarly, castings subjected to 
stresses requiring only shallow hard- 
ening or which are to be used for 
parts requiring high surface hard- 
ness, can be specified as to required 
hardenability by following the pro- 
cedure outlined. 

Application of Hardenability in 
the Foundry. In order for the 
foundry metallurgist to decide what 
type of steel to apply to a given 
specification, it becomes necessary 
to establish the relationship between 


Table 3 


Critica SECTION THICKNESS OF CASTING 


Class HI H2 


V2 ] 


Thickness, in. 


40 


T 
w 
ny 


CONTEN 


30 


CARBON 


Nm 
~' 


20 


Ans 1Y; 2V, 
B— 2 4 
Cc— 3 5 
D— 4 8 


H3 





Il 


H4 H5 Approx 
Per Cent 
2 22 Martensit« 


“Cc” 


as Ovencnen Rockxwett Haroness 


Minimum 


4y, 5Y, 
8 10 
Il 14 
14 18 


Equivalent Jominy Distance in Sixteenths of an Inch 


A—For Desired Quench Hardness to a Depth of ¥% of Critical Section Thickness— 


Agitated Water Quench. 


B—For Desired Quench Hardness to a Depth of % of Critical Section Thickness— 


Agitated Water Quench. 


C—For Desired Quench Hardness at Center of Critical Section Thickness—Agitated 


Water Quench. 


D—For Desired Quench Hardness at Center of Critical Section Thickness—Agitated 


Oil Quench. 


Note: The values in this table were obtained from plate sections. For rounds sex 


S.A.E. handbook, page 318. 
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chemistry and hardenability. This 
is best done by the method worked 
out by Field which is shown in Fig 
1 to 5 and Tables 4 and 5. The 
writer shall cite an example to in- 
dicate its application. 

Having a steel of the analyses as 
shown in Table 4, the approximate 
grain size must first be decided 
upon. In the writer’s experience 
a grain size seven has generally been 
found satisfactory when aluminum 
is used as a deoxidizer. From Fig 
1 we find that a not alloyed steel 
of 0.32 per cent carbon with a grain 
size seven has an ideal critical di- 
ameter of 0.19. From Fig. 2 the 
multiplying factors for the balance 
of the elements present will be ob- 
tained. The ideal critical diameter 
for the steel in question is then 
found by multiplying the factors of 
all these elements as shown in 
Table 4. 

Having established the ideal criti- 
cal diameter, the initial hardness of 
Rockwell C-51 for the given carbon 
content is obtained from Fig. 5. By 
now applying Fig. 4 the ratio be- 
tween initial hardness and distance 
hardness values are obtained for the 
given critical diameter, and the 
Rockwell hardness at various dis- 
tances on the Jominy curve deter- 
mined as shown in Table 5. The con- 
struction of the Jominy curve fol- 
lows as indicated in Fig. 5. Close 
correlation between calculated and 
actual hardenability is represent- 
ative of a large number of such tests 
carried out in the Ford Motor Com- 
pany steel foundry (Fig 6). 


Residual Alloys 

High residual alloys may upset 
the calculations somewhat but as 
this usually is in the direction of in- 
creased hardenability no appreciable 
ill effect will result. 

This method of calculation not 
only is of value in determining the 
original chemistry required, but it 
has also the evident advantage that 
the hardenability can be calculated 
before the heat is tapped, providing 
rapid preliminary analyses are ob- 
tained and adjustments made in the 
furnace if necessary. 

For the actual determination of 
hardenability in the foundry a 
standard Jominy end-quench bar is 
cast in a permanent mold, eliminat- 
ing all machining except for cutting 
off and the grinding of parallel flats 
for the Rockwell readings. A typical 
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Table 4—To CaLcuLATE JoMINY HARDENABILITY OF A 
STEEL OF ANALYSIS SHOWN PROCEED AS FOLLOws: 


Item 


Grain Size 7 
Carbon (Fig 
Manganese 
Silicon 
Phosphorus 
Sulphur 
Nickel 
Chromium 
Molybdenum 


1 
(Fig 


9 


Amount 


Ideal critical diameter 
4.16 x 1.18 x 1.02 x :99 x 1.21 x 2.28 x 1.94 


32 
95 
.27 
03 
01 
59 
.66 
40 


D, 


Factor 


193 
4.16 
1.18 
1.02 

Q9 
121 
2.98 
1.94 


193 x 


0 
5 


mb 


wy 





Table 5—]{,rRpDENABILITY CALCULATION 


For carbon content . 


(Fig. 3) ; from F 
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32. the initial hardness is 51 R “C 
4, hardness from quenching end 
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ILLUSTRATE CALCULATIONS OF JOMINY HARDENABILITY IN TEXT 
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A.S.T.M. TENTATIVE METHOD OF END-QUENCH TEST FOR HARDENABILITY OF STEEL (A 255 - 42 T) 
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Fig. 6 Curve ) shou close é rrelation between ac tual 
and calculated hard nability in a lar O¢ number of tests 
pe rformed at the author’s plant 


Fig. 7a (Below )—Permanent mold for casting a standard Jominy end-quench 
bar. Fig. 7b (Right )—Standard Jominy bar being quenched in the quench- 


ing fixture under standard conditions. 
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A.S.T.M. TENTATIVE METHOD OF END-QUENCH TEST FOR HARDENABILITY OF STEEL (A 255 - 42 T) 
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Fig. 8—Curves show excellent correlation existing between hardenability of cast Jominy end-quench bars with tl} 


of rolled or forged bars. 


Fig. 9a (Below Showing removal of “slug” hardenability specimen from 
furnace with a pair of tongs fitted with three pins for grabb.ng same and 


spacers to the distance from the quench orifice. Fig. 9b (R’ght)—Showing 








tongs in use. 

















VENNERHOLM 


COOLING 47TH DEG Fane FER SEC 
. at 1300 Ff 


. - 
had * 


= ro 
t c 
t F100 SPECIFICATION HIGH | 

an Limits Low os 
F MAX. 8 MIN LIMITS OF SO KEATS waGH | 

La : - 

oo os 
i Z 
t<<t 5 

wores or 
pes - 
f 

“re «3 
+ a 
£3 aod 

ors < 
= = 
ba of 

ors = 
bes t 
=. = 

ots a 
tet 









’ ‘6 
i ee wm “am “Om oem OwMm (em @wm Qaim arn 
DISTANCE FROM QUENCHED END OF SPECIMEN SIXTEENTHS OF INCH 
o el COOLING SATE CEG Fane FEF SEC 
= - at 1200 * 





ro ro 
c 
FSTSO SPECIFICATION HIGH 
os UeiT Low | es 
MAX.6 MIN. LIMITS OF SO HEATS HIGH 
; REPRESENTED BYCURVES LOW 
eo - eo 
- 8s 
—_ 
a 
< 
eo so 
ad v 
a af 
> ow 
3 z 
2 re} 
ore 0€ 
+ < 
r+ z 
3 4 
os 2a 
“- we 
=- z 
+} % 
eorst 30 8 
&; 
ad 26 
no - 20 
" + - 
to a 10 
» . 7 
Mim wim am Gm (em Oey Mim (2m) (wm) Qin 
ooane @ use DISTANCE FROM QUENCHED END OF SPECIMEN, SIXTEENTHS OF INCH 
A 6.7.M. TENTATIVE METHOD OF END-QUENCH TEST FOR 
ef COOLING RATE CEG farm PER SEC 
* 300 fF 
* 
. 
ro 70 
£4140 «SPECIFICATION HIGH 
es UM: Low 65 
T MAX.6 MIN. UIMITS OF SO HEATS HIGH 
— REPRESENTED BYCURVES LOW 
eo 60 
es |}— wr 
3 3 
eo} B soy 
vl uv 
: a9 
_ 
z 
re) 
« - 
= 
4 
as ad 
= 
* 
20 it 
26 2 
20 20 
's 1s 
to o 
ca 
a 
om ™ om (ee Om (em aan 


DISTANCE FROM QUENCHED END OF SPECIMEN, SIXTEENTHS OF INCH 


fomre m ee 


aA 
a“ 
“ 


mold used for this purpose is shown 
in Fig. 7 

Extensive tests have been carried 
out to compare the results obtained 
from cast Jominy end-quench bars 
with those of rolled or forged bars 
The excellent correlation existing 
between these various methods is in- 
dicated in Fig. 8 

Preliminary Investigation of Hard- 
enability Control in the Furnace. 
Che desirability for a simplification 
of the hardenability test in the 
foundry is evident when we consider 
the time required to carry out a 
Jominy end-quench hardenability 
test even with a cast specimen. The 
fact that it is impossible to obtain 
results prior to the pouring is a 
much greater handicap in_ the 
foundry than is the case in the mill 
for reasons already discussed 

The ultimate aim must, therefore, 
be some method which permits the 
metallurgist to obtain the pertinent 
information relative to the harden- 
ability characteristics of any given 
heat of steel in time to make the 
necessary corre tions. 

The avenue of approach selected 
for a preliminary investigation to- 
ward this end at the Ford Motor 
Company consisted of end-quench- 
ing l-in. round specimens of pre- 
determined length, depending upon 
the steel to be tested. The Rockwell 
hardness values obtained on both 
ends were used to evaluate the re- 
sults, where the hardness at the 
quenched end was a measure of the 
carbon content and the hardness at 
the opposite end a measure of the 
susceptibility of the steel in question 
to harden. 

Accordingly, a die or permanent 
mold was made which permitted ad- 
justments in the sample length of 
one-half inch, three-quarters inch 
or one inch. These lengths were de- 
cided upon after preliminary tests 
indicated the same to be most satis- 
factory for the steels in question, 
namely modified S.A.E. 1040, 8730 
and 4140 steels. 


F'g. 10a (Above), 10b (Center), and 
10c (Bottom)—Curves show max. 
and min. Jominy hardenability ob- 
tained and equivalent max. and 
min. Rockwell readings on the cor- 
respond ng “slug” specimens repre- 
senting approximately 50 heats from 
each of the steels tested. 
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Captions for Figs. on previous page. 

Fig. 11 (Top)—Correlation of read- 

ings obtained on “slug” specimens 

with the corresponding Jominy read- 

ings at equal distances from the 
quenched end. 


Fig. 12 (Bottom) Curves repre- 
senting some typical basic electric 
furnace heats showing hardenability 
before corrections were made to the 
liquid bath and after pouring. In- 
cluded is a table indicating per cent 
in Mn addition required to obtain 
a given increase in as-quenched 
hardness. 


The procedure consisted of re- 
moving the cast specimen as quickly 
as possible from the die, and after 
quenching the same, cutting off the 
gate. The reason for the rapid cool- 
ing from the die is to prevent the 
precipitation of carbide-forming ele- 
ments which would increase the re- 
quired soaking time on reheating. 

A small electric furnace, or pref- 
erably an electric resistance unit, 
was used to obtain the proper 
austenitizing temperature. The 
quenching equipment used was the 
same as for standard Jominy end- 
quench hardenability bars, and the 
procedure identical. The sample 
was removed from the furnace or 
heater with a pair of tongs fitted 
with three pins for grabbing the 
same, and spacers to control the dis- 
tance from the quench orifice as 
shown in Fig. 9. 

The Rockwell hardness on each 
face was obtained by averaging four 
readings taken at a point midway 
between center and outside. Al- 
though the method in its prelim- 
inary form was crude, the results 
obtained correlate exceptionally 
well with Jominy end-quench hard- 
enability bars cast at the same time 
representing approximately 50 heats 
from each of the steels tested and 
showing the maximum and min- 
imum Jominy curves obtained and 
the equivalent maximum and min- 
imum Rockwell readings on the cor- 
responding so-called “slug” speci- 
mens (Fig. 10a, b, c). 

In order to correlate the readings 
obtained on the specimens with the 
corresponding Jominy readings at 
equal distances from the quenched 
end, a large number of points were 
plotted and the following curves 
constructed representing the aver- 
ages (Fig. 11). The results of these 


tests indicated that the method de- 
scribed was applicable as a rapid 
hardenability test. 

The second part of the investiga- 
tion consisted of an attempt to ap- 
ply the method to the liquid bath 
and obtain hardenability readings 
prior to pouring making possible 
any necessary corrections. 

It appeared that this procedure 
would be perfectly feasible for the 
acid electric furnace practice, as 
well as acid open hearth practice, 
where the alloying elements with 
the exception of the final manganese 
addition generally are added early 
enough to permit taking a reading. 
The final manganese addition in this 
case would be used as the correcting 
medium. 

In the basic electric furnace the 
same procedure can be followed ex- 
cept that here addition of both man- 
ganese and silicon are usually de- 
layed until just before the heat is 
ready to tap. As the effect of sili- 
con, however, on the hardenability 
and the amounts added are rather 
minor, manganese again becomes 
the element to be used. 

The results obtained to date show 
promise, but it is evident that much 
additional data must be collected 
before the suitability of this test can 
be finally evaluated. From the pre- 
liminary information at hand the 
curves (Fig. 12) representing some 
typical heats have been constructed 
showing the hardenability before 
corrections were made to the liquid 
bath and after pouring. Included is 
also a table indicating the per cent 
manganese additions required to ob- 
tain a given increase in the as 
quenched hardness. 

The foregoing discussion has been 
offered in an attempt to analyze the 
need for hardenability requirements 
in the foundry and some of the per- 
tinent factors relating to the hard- 
enability of steel castings, in par- 
ticular those that are directly affect- 
ed by variations in the foundry 
practice. 

A brief discussion of the proposed 
S.A.E. hardenability requirements 
has also been included, as well as 
the method for obtaining harden- 
ability readings in the foundry. In 
addition, some results based on the 
preliminary investigation of a meth- 
od applicable for obtaining harden- 
ability readings of the molten metal 
have been presented. 
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It is our firm belief that harden- 
ability requirements will find wider 
and wider application in the found- 
ry, and that we, therefore, must 
concentrate our efforts in develop- 
ing rapid methods for this deter- 
mination whether they be along the 
lines described herein or by other 
means. 


DISCUSSION 


Chairman: C. H. Lorie, Battelle Me- 
morial Institute, Columbus, Ohio 

Co-Chairman: J. A. RASSENFOSs, 
American Steel Foundries, East Chicago, 
Ind. 

H. H. Biosjo': To make adjustments 
of hardenability, do you use a low or 
high carbon ferro-manganese ? 

Mr. VENNERHOLM: The type of ferro- 
manganese used, whether low or high 
carbon, depends upon the requirements 
of the particular heat in question. Along 
with the hardness readings obtained on 
the test specimen for the purpose of 
evaluating the hardenability of the heat, 
we also take readings on the quenched 
end and by applying a carbon vs. hard- 
ness chart get an excellent indication of 
the carbon content of the heat at this 
point. This enables us to decide immedi- 
ately whether to use high or low carbon 
ferro-manganese. 

T. N. Armstrono’®: Mr. Vennerholm 
should be complimented upon his ex- 
cellent paper and the manner in which 
the subject was presented. The com- 
ment that I have to make is in no way 
a criticism of Mr. Vennerholm’s paper, 
but rather to point out a possible fal- 
lacy in the interpretation of the harden- 
ability concept. The fact is too fre- 
quently lost sight of that steels of equal 
hardenability have eyuivalent proper- 
ties only if the structures also are equiva- 
lent. 

Grossman based his evaluation of criti- 
cal diameters on 50 per cent martensite 
at the center. This means that at least 
50 per cent of the structure at the cen- 
ter is comprised of transformation prod- 
ucts other than martensite, and it has 
been rather definitely determined that 
the properties of intermediate transfor- 
mation products differ with composition 
of the steel.* 

As most heat treated steels do not 
contain 100 per cent martensite when 
quenched in the sizes used in engineering 
applications, differences in properties 
may result because of differences in the 
properties of intermediate transformation 
products. 

There is currently being carried on 
some work which indicates that steels 
transformed at a given temperature do 
not necessarily have the same structures. 
High temperature transformation prod- 
ucts of some steels are accompanied by 
brittleness and the brittleness is a function 
of the structure. The structures are dif- 


*W. T. Griffiths, L. B. Pfeil, and N. P. 
Allen, The Intermediate Transformation in Alloy 
Steels, Second Report, Alloy Stee! Research Com- 
mittee, Iron and Steel Institute, (1939). 

‘Minneapolis Electric Steel Castings Co., Min- 
neapolis. 

*International Nickel Co., New York. 
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ferent for different steels transformed at 
the same temperature, consequently, the 
statement that properties are equivalent 
for equivalent hardenability is not always 
valid 

The work that was presented originally 
by E. J. Janitzky and his associates in- 
dicated that for steels of about equiva- 
lent carbon content, equivalent proper- 
ties would be secured after heat treat- 
ment provided the hardnesses were of 
the same order. The sections investigated 
were of such dimensions that they prob- 
ably developed nearly 100 per cent mar- 
tensite on quenching. 

This leads to the question as to whether 
you can entirely disregard composition 
Ine steel industry originally attempted 
hardenability only, but early recognized 
to develop “H” steels on the basis of 
the error in trying to disregard chemical 
composition in promoting these steels 
and have now established rather wide 
limits of composition for each type, 
which permits the consumer some free- 
dom in selecting a type analysis for a 
given hardenability. 

Mr. VENNERHOLM: The question as 
to whether reproducible properties can 
be obtained regardless of composition is 


HARDENABILITY IN THE STEEL Fy 


debatable, and it may be necessary to 
introduce certain carbon limitations in 
order to arrive at the ultimate goal. As 
for the balance of the composition, I be- 
lieve that we can leave the same to the 
option of the foundry 


It may at this point be in order to 
bring out the fact that the curves which 
have been presented are based on actual 
operation in the foundry covering a 
period of nearly a year during which 
period a large number of armor heats 
were accepted by the government on the 
listic performance requirements waived. 

It may be that hardenability is not 
the ultimate solution in the foundry, but 
as far as our present knowledge goes, it 
appears that hardenability tests certainly 
have their place and serve a very definite 
purpose. We are all studying the prob- 
lem trying to find better methods of 
evaluating the properties of cast steels, 
and for lack of anything better we are, 
at least for the time being, continuing 
our work on the present hardenability 
method as a means to this end, and the 
results so far are, indeed, encouraging. 

Mr. ARMSTRONG: I am not criticizing 
the test at all. I am merely pointing 


out that you cannot use the 
ability test alone as a criterion fo 
uring properties. 

C. E. Stms*: It seems that 
cent martensite is as good as gett 
or 90 per cent martensite as far 
termining the hardenability, but 
not a measure of the probable pr: 
of that steel. It may be of inte: 
note that the Committee on Alloy 
of the ASM has taken a stand 
equivalent properties among alloy 
basis of hardenability only with 
are obtained only when quenched 
least 95 per cent martensite. 

Mr. VENNERHOLM: In answe: 
Sims’ remarks I would like to stat; 
our committee fully recognized this 
and that, as you have noticed in Ta 
showing the hardenability table, th: 
is based on 80 per cent martensite 

Because of the present lack of 


perience and the additional problems t 


be anticipated in the foundry, we 
not deem it advisable to go above 


percentage for the present. Ultimat 
we hope to be able to adopt a percent 
age as near 100 per cent as possibl: 


*Battelle Memorial Institute, Columbus 
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THEORIES OF GRAY CAST IRON 


INOCULATION 


® Mechanics and theories of the gray iron inoculation 
process are presented in this paper, serving as an intro- 
duction to the several papers comprising the "Symposium 
on Inoculation of Gray Cast Iron" which are in course of 
preparation for later presentation. 





By H. W. Lownie, Jr. 


Formerly Metallurgical Engineer 
Westinghouse Electric Corp. 
East Pittsburgh, Pa. 


RAY iron foundrymen during 

recent years have become quite 
interested in the process of inocula- 
tion. Many foundrymen responsible 
for the production of high quality 
cast iron have adopted an inocula- 
tion practice because they have 
found important product improve- 
ments to result. 


In introducing a symposium on 
inoculation, it appears advisable to 
review in a general way some of the 
mechanics and theories of the 
process. 

Rather than present throughout 
this discussion numerous references 
to various authorities, a general ref- 
erence is made here to three publi- 
cations'~*-* which discuss in more 
detail the present state of the theory 
and which present adequate bibliog- 
raphies for the reader who wishes 
to study the subject further. 

Inoculation may be defined as 
that process in which an addition is 
made to molten cast iron for the 
purpose of altering or modifying the 
microstructure of the iron and there- 
by improving the mechanical and 
physical properties to a degree not 
explainable on the basis of the 
change in composition 


To illustrate, iron analyzing, say, 
3.20 per cent total carbon and 2.20 
per cent silicon in the as-melted con- 
dition, may be inoculated with an 
addition of 0.20 per cent silicon. 
Some of the properties of the result- 
ing 3.20 per cent total carbon, 2.40 





Table 1 
CLASSIFICATION OF TYPICAL 
LapLE INOCULANTS 


oak = Group 2 
Ca-Metal Si-C Cr-Si-Mn-Ti-Ca 
Ca-Si Si-Mn Cr-Si-Mn-Zr 
Ca-Si-Ti Si-Mn-Zr Mo-Si 

Fe-Si Si-Ti Ni-Si 

Graphite Si-Zr 











per cent silicon iron will be consid- 
erably different from the properties 
of the original untreated iron, or 
from the properties of an iron melt- 
ed directly (without inoculation) to 
the 3.20 per cent carbon, 2.40 per 
cent silicon composition. 

The foregoing definition of inocu- 
lation is intended to exclude alloy 
additions made to the molten iron 
for the sole purpose of affecting the 
chemical composition of the melt 
(e. g., ferrochromium, ferromolybde- 
num, nickel, etc.), and to exclude 
materials added to the charge when 
those materials react with the metal 
before melting is completed. 

These materials which are added 
to the iron to produce inoculation 
are called “inoculants,” and _ the 
irons so treated are referred to as 
“inoculated” irons. 


Inoculation Classification 


One method of classification of 
inoculants is by placing them in two 
groups as follows: 

Group 1—Inoculants which have 
the sole duty of producing inoculat- 
ing effects (such as a changing of 
the graphite distribution and reduc- 
tion of chill depth) to a degree con- 
siderably greater than can be ex- 
plained on the basis of a change in 
composition. These inoculants usu- 
ally contain one or more of the fol- 
lowing elements: carbon, silicon, 
calcium, titanium, zirconium, and 


aluminum. 

Group 2—Inoculants which, in 
addition to producing inoculating 
effects to a degree considerably 
greater than can be explained on 
the basis of a change in composi- 
tion, also exert a supplementary 
effect which is explainable on the 
basis of a change in composition. 
In addition to one or more of the 
elements listed in Group 1, these 
inoculants also contain one or more 
additional elements which are not 
essential to the inoculating reaction 
but which do exert supplemental 
effects which are desirable in some 
applications. 

The most common supplemental 
alloys used in this type of inoculant 
are chromium for the stabilization 
of carbide (pearlite), or nickel to 
promote carbide decomposition, 
Chromium and nickel are not con- 
sidered as inoculating elements in 
themselves, as the effects of these 
elements are explainable on the 
basis of the change in chemical com- 
position. 

Typical ladle inoculants may be 
divided into these two groups as 
shown in Table 1. 

The approximate analysis of each 
of these inoculants is given in one 
of the references‘ at the end of this 
paper. However, it should be added 
for the sake of completeness that, 
with the exception of metallic cal- 
cium and graphite, all of the inocu- 
lants shown in Table | probably also 
contain aluminum in amounts which 
are small but nevertheless may be 
quite significant. 

Microconstituents Affected by In- 
oculation—Since the primary effect 
of an inoculant is to produce certain 
changes or alterations in the micro- 
structure of the iron, it is necessary 
to define the microconstituents that 





Fig. 2—Type D interdendritic (random 
orientation) graphite flakes. Etched 
structure shows tendency of massive 
ferrite (white) to be associated with 
this type of graphite distribution. 
Graphite rating—8D. (Above} Un- 
etched, X 100. (Below) Etched, X 750. 


are changed. 

The most pronounced change re- 
sulting from inoculation is_ the 
change occurring in the distribution 
of the graphite flakes throughout the 
matrix or background metal. These 
graphite flakes may be large and 
coarse, fine and lacy, or even may 
be completely absent, depending 
upon the conditions of metal com- 
position, cooling rate, and inocula- 
tion. 

The A.F.A. and A.S.T.M. jointly 
have adopted a standard chart* for 


Fig. |—Type A random distri- 
bution of graphite flakes in a 
matrix of pearlite. Graphite 
rating—S5A. (Left) Unetched, 
X 100. (Right) Etched, X 750. 


Gray Cast Iron Inocu: 


Fig. 3—Type E interdendritic (preferred orientation) graphite flakes in a matrix of 
pearlite. Graphite rating—SE. (Left) Unetched, X 100. (Right) Etched, X 750. 


Fig. 4—White cast iron showing complete suppression of graphite flakes. White areas 
in etched structure are hard massive iron carbide (cementite). Graphite rating—none. 


(Left) Unetched, X 100. 


the classification of graphite flake 
size by number and graphite flake 
distribution patterns by type letter. 
This method of classification is used 
in this work. 

First consideration will be given 
to illustrating the various micro- 
structures involved. Subsequent 
paragraphs will illustrate when these 
particular structures are formed, and 
other articles in the inoculation sym- 
posium will discuss the effects of 
these changes in microstructure 


upon physical properties. 


(Right) Etched, X 750. 


Graphite Flake Distribution 

Figure 1 illustrates large graphite 
flakes dispersed in a random manne! 
through a matrix of pearlite. Such 
a random distribution of { 
designated as Type A. Th. 
size is identified by a size ! 
Inoculation is performed 
purpose of promoting this 
graphite. 

Type D graphite is shown 
2. This fine and lacy grap! 
tern is described as “interc 
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Fig. 5—Schematic representation of temperature regions of graphite formation. 


segregation, random orientation.” 
The continuous network of the fine 
graphite flakes tends to lower physi- 
cal properties. In addition, free fer- 
rite (as shown in the etched micro- 
structure of Fig. 2) tends to be asso- 
ciated with this type of distribution 
and to lower the physical properties. 

Inoculants are added to cast iron 
to attempt to eliminate this unde- 
sirable Type D graphite distribution 
and its associated ferrite masses. 

Type E graphite (interdendritic 
segregation, preferred orientation, 
Fig. 3) also is considered as an un- 
desirable form of graphite distribu- 
tion. The statements regarding the 
undesirability of Type D graphite 
also refer to the Type E distribution. 

"White Iron" Occurrence 

Although Type D and Type E 
graphite generally are to be avoided, 
there are cases where the formation 
of any type of graphite is preferable 
to the occurrence of massive iron 
carbide (“white iron’’). 

In such cases, although the inocu- 
lant may not be potent enough to 
produce the most desirable graphite 
distribution (Type A) by inocula- 
tion, it may, by the alloying effects 
of its constituent elements (e. g., sili- 
con and nickel), result in the forma- 
tion of one of the less desirable 
forms (Type D or Type E), which 
in turn may be preferable to the 
formation of massive iron carbide. 

Figure 4 shows the case of an 
iron that has solidified completely 
“white,” that is, there is no graphite 
present. The carbon in this iron 
which under some conditions would 
solidify as flake graphite has been 
retained in chemical combination 
with the iron and has formed the 
hard, white iron carbides that give 
“white iron” its name. 

The A.S.T.M. - A.F.A. classifica- 
tion system also contains distribution 


ratings of Type B and Type C but, 
for the purposes of this discussion, 
these types may be considered as 
relatively unimportant. 

Cooling Rate 

Effect of Cooling Rate Upon 
Graphite Structure — The graphite 
structure of cast iron is determined 
primarily by its composition, cooling 
rate, and the degree of inoculation. 
Although the effect of chemical 
composition is of undeniable impor- 
tance, the effect of cooling rate upon 
a given iron will be used to set up 
an arbitrary system for discussing 
the formation of flake graphite in 
cast iron. 

This system then will be expand- 
ed to consider the effects of compo- 
sition and inoculation. Although 
the system does make certain as- 
sumptions without confirmed metal- 
lurgical basis, it is believed that an 
attempt to make a graphical presen- 
tation will be helpful in discussing 
inoculation. 

As an elemental hypothesis, con- 
sider that the temperature range 
from the pouring temperature down 
to “red heat” is divided into three 
regions, as shown in Fig. 5. In this 
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schematic sketch the location of the 
dividing lines B and C is a subject 
of considerable experiment and de- 
bate over whether graphite can or 
cannot form directly from the melt 
or from austenite. 

After an extensive review of the 
literature on the formation of 
graphite flakes, Epstein’ stated: “It 
may be concluded that no clear-cut 
proof has been presented that an 
iron-graphite eutectic may form di- 
rectly from the melt, neither is the 
contrary evidence which has been 
brought forth so positive as to pre- 
clude the possibility of the forma- 
tion of such an eutectic.” 

With reference to our simplified 
diagram, this simply means that the 
solidification temperature (or tem- 
perature range). is not definitely lo- 
cated with respect to the lines (or 
iegions) B and C. Although of con- 
siderable theoretical interest, the 
accurate determination of the loca- 
tion of these regions is not necessary 
to understand in a practical manner 
how inoculants work. 

Graphitization Behavior 

It is necessary to emphasize here 
that these schematic sketches are 
only approximate “behavior dia- 
grams,” and may not be interpreted 
too closely. The value of the dia- 
grams lies in the fact that they do 
provide a simple manner of repre- 
senting graphitization behavior. 

The facts that the boundary lines 
A, B, C, and D are drawn at con- 
stant temperature and that the three 
regions are shown to be of equal 
temperature ranges should not be 
considered as significant. 

Various cooling rates can be rep- 
resented by lines of differing slope 
originating at the pouring tempera- 
ture, as shown in Fig. 6. In ordinary 


Fig. 6—Representation of cooling rate on schematic time-temperature diagram. 
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J {TRANSFORMATION COMPLETED graphitization that is going to 
A ; ' will be complete when the 
‘ 
‘ ° . 1e avec i 
f x—~! i: curve leaves this zone. 
uw ' " : 
x. ! i Time-Temperature Relation 
pe / ‘ : ; 
i - / Another concept is desirable. A. 
/ . . 
- <_- the cooling rate becomes lowe: 
We - transformation temperature be: 
a . . . 
% gw higher and the time required fo; 
a) completion of the reaction beco: 
a longer. This situation is represented 
D in Fig. 7 by the increasing horizon. 
TIME —> g y n 
tal distance (time) as the cooling 
hea ' . — rate becomes lower. 
X, Y, Z—Points at which transformation starts with each of the indi- TI ial , ee 
cated cooling rates. : 1€ — temperatures and 
, ; / ‘ = onger transformation times at lo, 
X', Y’, Z'—Points at which transformation stops with each of the indi- gt é _— 
cooling rates (slow cooling) cause 


cated cooling rates. 


Fig. 7—Representation of time required for graphitization or formation of white iron. 


the graphite flakes forming at low 
rates to become quite large. Rapid 
cooling and rapid formation of 





sand casting practice, low rates of 
cooling are obtained with thick cast- 
ing sections, and high rates with thin 
castings. The use of chills also pro- 
motes high rates of cooling. 

Physical transformations (such as 
the formation of graphite flakes) do 
not occur instantaneously. After the 
conditions for transformation are 
established, a time “lag” usually 
occurs before the transformation 
will commence, and then some finite 
period of time is required for reac- 
tion to be completed. 

Such a transformation zone may 
be represented schematically on the 
diagram as shown in Fig. 7. An iron 
will not begin to form graphite 
flakes of the type indicated by a 


flakes result in flakes of a smal] size 
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Fig. 8—Representation of effect of trans- 

formation time on graphite flake size. as : 
aie Thus, Type A flakes (formed at 
low rates) usually are larger than 


Type D or Type E flakes (formed 





at higher rates). This situation 1s 
indicated in Fig. 8. 























TRANSFORMATION ZONE : . k ; 
—— Bringing together the factors illus- 
. , trated in Figs. 5 to 8, we now can 
° : VWE A GRAMNTE FLAKES draw a chart to illustrate the me- 
“ee ’ . *. . . 
YB ti chanics of graphite formation, as in 
, 1 . . ooniiilinn 
> 4 ed TyvSE D Aw TPC '£ Fig. 9. At Rate 1 (Fig. 9), graphite 
< “a GRAPHITE FLAKES formation will begin and end in the 
oC thesis Type A region. 
a Ne NO GRAPHITE FLAKES - At a somewhat higher rate (2), 
as “WHNTE mon graphite will form in the Type D 
“ D and Type E region. At very high 
TIME —+ rates such as 4, graphite wil! be 
hite 
, completely suppressed and whut 
“9 ~via Seale iron, free of graphite, will be 
1 Low Type A graphite. . 
2 Moderate Type D or Type E graphite. formed. 
3 High Type D or Type E graphite mixed with Rates intermediate to these «xam- 
iron carbide (mottled iron). . : sle 
4 Very high No graphite (white iron). ples are also possible. For « “ 
at Rate 3, some graphite re 


Fig. 9—Solidification products formed at various cooling rates. 
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“HARD” IRON 
LOW CARBON - LOW SILICON 


Forms Type D and Type E graph- 

ite on slow cooling; white iron 

with moderate or fast cooling. 

Very slow cooling required to form 
Type A graphite. 








INTERMEDIATE IRON 
MEDIUM CARBON - MEDIUM SILICON 


Forms Type A graphite with slow 

cooling, Type D or Type E with 

moderate cooling, and white iron 
with fast cooling. 





TIME -—> 


*SsoFT” «RON 
HIGH CARBON - HIGH SILICON, 


Forms Type A graphite with slow 

and moderate cooling; Type D or 

Type E graphite at high rates 

Requires very fast cooling to form 
white iron. 





bon will form as white iron. It 
should be noted that transforma- 
tions occurring in the white iron 
region result in the formation of 
“chill.” 

Irons which do not complete the 
formation of graphite in the Type 
A region (above boundary line B, 
Fig. 9) are referred to as under- 
cooled or supercooled irons. It is 
the purpose of inoculation to pre- 
vent such undercooling and to cause 
all of the graphite to form in the 
Type A distribution. 

Effect of Composition Upon 
Graphite Structure—Using the same 
type of diagram, the effect of 
changes in composition can be rep- 
resented by a displacement of the 
“transformation zone.” For a spe- 
cific cooling rate there may exist an 
undercooled condition which pro- 
duces Type D or Type E graphite 
flakes or massive cementite. 


Low Carbon Iron 

A “hard” iron (iron of low car- 
bon content) will have a low trans- 
formation zone and will require very 
slow cooling to form Type A 
graphite. Even at moderate rates 
such an iron may form white iron. 
This situation is shown in Fig. 10. 


A “soft” iron (high carbon, high 
silicon), on the other hand, will 
have a high transformation zone. 





This paper was presented and dis- 
cussed at a Gray Iron Session of the 
Fiftieth Annual Meeting, American 
Foundrymen’s Association, at Cleveland, 
May 10, 1946. 





Fig. 10—Effect of composition upon graphite structure. 


Even moderate cooling rates will 
form Type A graphite flakes in such 
an iron; very high rates are required 
to form white iron (“chill’’). 

One effect of the composition of 
the iron on the graphite structure, 
therefore, is to change the tendency 
of the iron to undercool. Low car- 
bon, low silicon irons with a “low 
reaction zone” are quite prone to 
undercool, whereas high carbon, 
high silicon irons have less tendency 
to undercool. 


> 
Effect of Inhoculation 


Based on the hypothesis of the 
foregoing diagrams, the effect of 
inoculation may be stated quite 
simply — inoculation raises the 
“transformation zone.” That is, in- 
oculation may make an iron that 
would solidify (at a given cooling 
rate) as “white iron,” or with Type 
D or Type E graphite, actually 
solidify with Type A graphite. 

In this respect the inoculation 
effect is somewhat akin to “soften- 
ing” the analysis of the iron, but 
instead of reducing tensile proper- 
ties due to “softening” of the matrix, 
it actually improves properties due 
to the better distribution of the 
graphite flakes. 

Stated in another way, inocula- 
tion permits the use of a stronger 
base iron in a given application with 
reduced tendencies to form chill 
(white iron) or undesirable graphite 
distribution patterns. 

As low carbon, low silicon irons 
have considerable tendency to un- 
dercool, inoculation will be quite 
potent with such irons. However, 
high carbon, high silicon irons, 


which tend for the most part to 
solidify with Type A graphite any- 
way, benefit less trom inoculation. 

High carbon, high silicon irons 
are often poured into thin sections 
which introduce a high cooling rate 
which promotes _ undercooling. 
Therefore, inoculation is often as 
desirable for these irons as for the 
low carbon, low silicon types. 

If a given inoculation treatment 
resulted in the formation of Type A 
graphite flakes exclusively at even 
the highest cooling rates, then such 
an iron could be called “completely 
inoculated.” Present inoculation 
practices do not result in such “com- 
plete inoculation.” 

From the diagrams it can be seen 
that high cooling rates (fast cool- 
ing) promote undercooling. There- 
fore, with light sections the need for 
inoculation increases over the need 
in heavy castings (Fig. 11). 

Inoculation Theories 

Thus far in this discussion no at- 
tempt has been made to explain why 
inoculation has its peculiar effect 
upon the mode of formation of 
graphite in cast iron. Various inves- 
tigators have proposed theories, but 
up to the present time no conclusive 
evidence has been obtained to estab- 
lish any one theory. 

The proposed theories overlap 
somewhat, but for the purpose of 
discussion may be designated as: 

1. Graphite Nuclei Theory. 
2. Degasification Theory. 
3. Silicate Slime Theory. 

According to the graphite nuclei 
theory, graphite particles in the melt 
act as nuclei to begin the graphitiza- 
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tion phenomenon. Such nuclei may 
be imagined as extremely small solid 
particles of graphite in the molten 
iron. 

In order to form in the Type A 
distribution, graphite flakes must 
form on nuclei distributed through 
the melt. In the case of an iron 
which has solidified with Type D 
or Type E graphite (or as white 
iron), it has done so because it has 
passed through the temperature re- 
gion of Type A graphite formation 
without forming any graphite flakes, 
and thus the graphite has formed in 
the lower temperature pattern. 

Inoculation is considered here as 
the addition of effective graphite 


Fig. 11—Effect of inoculation on graphite formation in gray cast iron. superheating of the alloys is sup- 











posed to destroy the nuclei. 









nuclei to the molten iron. e s- ‘ ‘ . 
aclei t th olten iron. The pre One investigator has attributed 
ence (or increase) of the number of * 
; . - the potent effects of silicon-bearing 
effective nuclei makes the iron more < 
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likely to form Type A graphite at ni , . 
Pa oe of silicon; this concentration pro- 
any given cooling rate. X : 
moting a shower of fine graphite 
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nuclei in the melt. It is interesting 














stantiated by the fact that the late ’ , . 
addition of solid elemental carbon in this connection to note that most 
(granular graphite) to an iron nor- of the commercial inoculants m- 
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at high temperatures in the irons. 

The degasification theory attempts 
to explain the mechanism of inocu- 
lation on the basis of reactions oc- 
curring between the inoculant and 
dissolved or chemically combined 
gases, such as oxygen, hydrogen, 
nitrogen, etc. 

These “degasification” reactions 
may produce inoculation by (1) the 
elimination of “chill-forming” gases, 
and (2) the formation of inclusions 
in the melt which may act as 
effective nuclei. 

It is known that inoculated irons 
show a “wearing off” effect. If mol- 
ten iron is held for an appreciable 
time (of the order of 15 min.) be- 
tween inoculation and pouring, the 
effect of inoculation gradually 
“wears off” and even may be elimi- 
nated. 

Proponents of the degasification 
theory hold that this “wearing off” 
is due to reabsorption of the gases 
which were eliminated by the inocu- 
lation treatment. 

It is a fact that most of the effec- 
tive inoculants also are deoxidizers. 
On the other hand, other gases may 
be of more significance than oxygen. 

The silicate slime theory provides 
for a submicroscopic “slime” or 
“pulp” of ferrous silicate inclusions 
which act as nuclei for the forma- 
tion of coarse graphite. The theory 
is supported by the fact that a slag 
which removes silicon or ferrous 
oxide helps to promote the forma- 
tion of fine graphite. 

It has been pointed out that there 
is an analogy between this behavior 
and the popular belief that sub- 
microscopic inclusions affect grain 
size in steel. 


Nucleation Process 

A certain similarity of these three 
theories is evident. The process of 
nucleation appears in each of them 
and, therefore, it may be supposed 
(for the present) that inoculation is 
at least partially the result of the 
addition of nuclei to the melt. 

Numerous efforts have been made 
by various investigators to either 
prove or disprove each of the three 
theories but, as yet, no such effort 
has been wholly successful. 

The microscopic or even sub- 
microscopic size of the particles in- 
volved and the high temperatures at 
which the transformations occur im- 
pose major problems in the study of 
the solidification graphitization phe- 


nomena. The basic theory of inocu- 
lation is, therefore, still a debatable 
subject. 
Conclusion 

It is hoped that the foregoing dis- 
cussion of inoculation will enable 
foundrymen to appreciate more 
readily the fundamental concepts 
behind the use of inoculants. The 
theory is not well-defined, as yet, but 
in its present state is sufficient to 
outline the graphitization transfor- 
mations which occur when a cast 
iron is inoculated. 
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DISCUSSION 


Chairman: H. Bornstein, Deere & 
Co., Moline, Ill. 

Co-Chairman: V. A. CrossBy, Climax 
Molybdenum Co., Detroit. 

Dr. A. Di Giuio' (written discussion): 
The author has presented a rather in- 
genious and over-simplified theory of the 
mechanism of inoculation. The hypo- 
thesis advanced must be accepted with 
reservations. 

Purposely the author has avoided stat- 
ing the relationship of the liquidus line 
in relation to the Zone Diagram illus- 
trated in Fig. 5. Are we to understand 
(1) that the process of Graphitization is 
independent of the liquidus solidus range, 
(2) does Fig. 5 imply that Type A 
Graphite is always formed directly from 
the liquid? 

In all diagrams the cooling rates have 
been represented as straight lines. In 
actual practice this is not the case, hence, 
how does the change in rate of cooling 
effect the graphite formation within any 
of the indicated zones. 

The author states “It is the purpose of 
inoculation to prevent such undercooling 
and to cause all of the graphite to form 
in the Type A distribution.” Does this 
imply then that inoculation is essentially 
the process by which all the graphite of 
iron is made to come out from the liquid, 
that is above the melting point? 

It is known that the degree of under- 
cooling in liquid-solid transformation de- 


” 5 Consulting Chemical and Metallurgical Engi- 
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pends largely on the rate of cooling to 
which the system is subjected. Also that 
the slower the rate of cooling, the less 
tendency for the system to exhibit the 
phenomenon of undercooling 

If we agree with the author that in- 
oculation prevents undercooling, then 
why not make use of very slow rate of 
cooling to obtain the desirable type of 
graphite? 

In the literature many cases have been 
reported of irons heated to excessive 
superheating temperatures, which have 
shown Type D Graphite regardless of the 
fact that they were allowed to cool and 
then were poured at the proper pouring 
temperature. How can this be explained 
on a basis of undercooling and does the 
author believe that inoculation will work 
under these conditions? 

Mr. Lownie (answer to Dr. Di Giulio’s 
written discussion): Most of Dr. Di 
Giulio’s comments are concerned with the 
controversial physical metallurgical issues 
of inoculation. As stated in the paper, 
the present-day theories have been pre- 
viously discussed in considerable detail in 
Reference | and in a number of papers 
listed in the bibliography of Reference 3 
of the present paper. The answers to 
many of Dr. Di Giulio’s specific questions 
are contained in the paper. 

The author agrees with Dr. Di Giulio 
that the mechanism of inoculation as pre- 
sented in this paper is “over-simplified”’ 
and “must be accepted with reservation.” 
Several sentences taken from the paper 
illustrate the author's feelings on this 
point: 

1. “Although the system does make 
certain assumptions without confirmed 
metallurgical basis, it is believed that an 
attempt to make a graphical presentation 
will be helpful in discussing inoculation.”’ 

2. “It is necessary to emphasize here 
that these schematic sketches are only 
approximate ‘behavior diagrams,’ and 
may not be interpreted too closely, The 
value of the diagrams lies in the fact 
that they do provide a simple manner 
of representing graphitization behavior.” 

As stated by Dr. Di Giulio, the author 
has purposely avoided stating the rela- 
tionship of the liquidus line to the Zone 
Diagram in Fig. 5. In connection with 
Fig. 5, it was explained that this rela- 
tionship is still somewhat controversial 
and a quotation given from Epstein to 
summarize the present state of the con- 
troversy. It was stated in the paper that, 
although of considerable theoretical in- 
terest, accurate knowledge of the rela- 
tionship of the liquidus line to the zones 
of Fig. 5 is not necessary to understand 
in a practical manner how inoculants 
work. 

Quoting from the paper, “With refer- 
ence to our simplified diagram, this sim- 
ply means that the solidification tempera- 
ture (or temperature range) is not defi- 
nitely located with respect to the lines 
(or regions) B and C.” This statement 
clearly avoids the implication that Type 
A graphite is always formed directly 
from the melt. 

As the diagrams are purely schematic, 
cooling curves were plotted as straight 
lines in the interests of simplicity. Actual 
cooling curves are usually curved when 
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plotted on rectangular coordinates and 
approximately straight when time is 
plotted logarithmically. As time units are 
not indicated on the diagrams, the 
abscissa may be considered as being 
plotted logarithmically when such a re- 
finement is desired. 

The very slow rate of cooling proposed 
by Dr. Di Giulio as a method for obtain- 
ing the desirable type of graphite cer- 
tainly is not generally applicable to nor- 
mal foundry procedures. Practically, the 
cooling rate is governed by the section 
thickness of the casting, the surface area 
of the casting, the pouring temperature 
of the iron, the heat capacity of the 
molding material, and other factors. 

All of the diagrams contained in the 
paper show that if one can cool slowly 
enough, the desirable types of graphite 
will be formed. Usually, it is simpler to 
inoculate irons that cool at the faster 
rates rather than to provide elaborate 
and costly methods of changing the cool- 
ing rate. 

In the last paragraph of his discus- 
sion, Dr. Di Giulio has overlooked the 
definition of undercooling as given in the 
paper. Certain types or grades of cast 
iron will undercool even when cooled at 
comparatively slow rates. The white irons 
used in the malleable iron industry are 
examples of such irons. 

Whether inoculation will work under 
specific conditions depends upon the com- 
position of the iron, the cooling rate, 
and the effectiveness of the inoculant and 
the inoculating practice. The general 
beneficial effects of inoculation are well 
known to engineers familiar with gray 
iron foundry practice. 

MemBER: How long will the ladle 
inoculant be effective? 

Mr. Lownie: A definite answer de- 
pends upon the temperature of the metal, 
the particular inoculant being used, and 
your measure of “effectiveness.” Inocu- 


lants vary in their rate of deterioration. 
As a general figure, subject to many 
exceptions, I suggest 15 min. 

MemBER: I am concerned with the 
handling time, i.e., in handling the ladle 
from the bull ladle to the molding floor. 

Mr. Lownie: A definite answer of so 


many minutes will have to be worked 
out under your particular conditions. In 
general, you should handle the inoculated 
metal as rapidly as possible. 

If you are pouring light castings you 
will want to handle the metal rapidly for 
two reasons, (1) to retain as much tem- 
perature as possible, and (2) to retain 
high effectiveness of the inoculant. 

If you are pouring heavy castings and 
the ladle is to be filled from several taps 
from the cupola, hold all inoculation for 
the last tap. That gives you the maxi- 
mum amount of time for handling the 
ladle. 

MemBER: What is the time limit on 
that? In other words, how cold can you 
pour the metal and still get the effect 
of the inoculant? 

Mr. Lownie: I do not want to ven- 
ture into that at this time. It is an en- 
tirely different subject. 

T. E. Eacan’': It is always the best 
practice to pour inoculated irons as hot 
as possible. By doing so the best graphite 
distribution is obtained. 

Mr. Lownie: You usually want to do 
that because the mere fact that you are 
inoculating means that you are trying to 
obtain quality castings. Higher metal 
temperatures generally improve quality. 
Solution of the inoculant also is improved 
at higher temperatures. However, I would 
not want to specify a minimum tempera- 
ture unless I was familiar with the par- 
ticular job and its conditions. 

MemMBER: But assuming that you have 
a production line and you are counting 
on the inoculant to enhance the value 
of your casting, at what temperature 
would you pour to get the full value? 
We are using a holding furnace and are 
going to pour at 2600°F., would that be 
sufficient ? 

Mr. Lownie: That is a good tempera- 
ture. I know of cases where excellent re- 
sults are obtained below 2600° F. 

Actually we still know very little about 
the mechanism of inoculation. For the 
present, specific problems must still be 
worked out individually. The tapping 
temperature, the pouring temperature, 
the thickness of the critical section of the 
casting, the design of the casting, the 
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mold conditions, the particular ino 
being used, and the composition 
base metal all affect the results tha: 
obtain. Theories and past expe: 
point the way to good practic: 
answers as to specific times and de! 
temperatures are best worked out 
the specific conditions involved 

J. H. Scuaum’: A soft iron may 
many of its graphite nuclei dissolved 
holding it at relatively high tempera: 
for a period of time in an electric o: 
furnace. This refinement causes the 
iron to precipitate Type D or E grap} 
when slowly cooled in the mold 

Mr. Lownie: That is correct. Electr: 
furnace irons are particularly prone ¢ 
form modified graphite. Many such d 
tails are not included in the paper 

W. A. SprinpDLerR*: Do you feel that the 
graphite nuclei theory covers the theory 
adequately ? 

Mr. Lownie: There are unexplained 
discrepancies in each of the proposed 
theories. I, personally, cannot offer one 
in preference to the others. However, | 
often use the graphite nuclei theory be- 
cause it seems to be the most readily 
understood by many people; not because 
it has the most basis in fact. 

MeEmMBER: At what minimum tempera- 
ture can you inoculate satisfactorily? 
How low can you inoculate and still get 
satisfactory results? 

Mr. Lownie: Try to hold inoculating 
temperatures at 2600°F. or higher and 
you will probably be safe. However, some 
people are obtaining good results at lower 
temperatures. It depends upon the job 

Mr. Eacan: I have seen heavy sec- 
tions poured at pretty low pouring tem- 
peratures. The idea is to pour as hot as 
you possibly can pour to get the best 
effect. 

E. V. Somers‘: We attempt to main- 
tain our tapping temperature at 2700°F 
and above by means of the optical pyro- 
meter. 


'The Cooper-Bessemer Corp., Grove City, Pa 

2Naval Research Laboratory, Washington, D. ( 

3University of Michigan, Ann Arbor, Mich 

‘Westinghouse Electric Corp., Trafford Foundry 
lrafford, Pa 
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MOLDING SAND BINDERS 


> This paper deals with fundamental theory of molding sand 
binders; causes of bond properties and strength; forces 
active in the green state between sand and clay and between 
sand and organic binders; viscosity of binders and its influence 
on green compressive strength; and simultaneous use of various 


binders. 
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Prague, Czechoslovakia 


PROPERTIES OF MOLDING SANDS 
which are of interest to the foundry- 
man, as given by Dunbeck’, are 
grain size, green, dry and hot com- 
pressive strengths respectively, per- 
meability, durability, flowability, 
moisture content, resilience, expan- 
sion, contraction and sintering point 

These properties are needed in 
different degrees according to use 
Naturally bonded sands are always 
sufficient if they have a certain grain 
size, permeability, expansion and re- 
fractoriness as initial properties. In 
case naturally bonded sands do not 
develop the other desired properties, 
a suitable admixture is made to the 
sand as required. 

All admixtures, as well as the cor- 
responding substances in naturally 
bonded sands, have one essential fea- 
ture in common; they connect the 
sand grains into a system whose 
strength, produced by ramming, en- 
ables both the mold and the cooling 
casting to safely sustain the stresses 
to which they are subjected. 

In testing practices these stresses 
are characterized by the green, dry 
and hot compressive strengths cor- 
responding to the temperatures re- 
sulting from the cooling casting. At 
the same time these admixtures have 
to produce in the sands many other 
properties if the sands are to be re- 
garded as suitable for foundry use. 
This applies to inoragnic materials 


Presented at a Sand Research Session 
at the Fiftieth Annual Convention of the 
\merican Foundrymen’s Association, May 
8, 1946, at Cleveland. 


such as clays, and to organic sub- 
stances used for the production of 


cores. 


Causes of Bond-Pro pe rties and 
Strength. To achieve a certain co- 
herence among the sand grains, at- 
tractive forces have to interact. For 
the coherence of two bodies in the 
dry state the following conditions 
have to be assumed; that (1) the 
largest possible part of each body is 
in contact with the other and (2) at 
the same time, distances between 
their surfaces are of the same order 
as the distances between atoms or 
molecules of the bodies considered 


Van der Waal Forces 

Under these conditions the forces 
which interact to hold the two 
bodies more tightly together are 
greater as the size of the bodies be- 
come smaller and as the proportion 
of surface and weight becomes great- 
er. For inorganic substances these 
forces are most frequently represent- 
ed by electrostatic forces between 
ions or dipols, and for organic ma- 
terials, without dipolar moments, 
these forces are Van der Waal 
forces. 

The forces producing coherence 
between silica sand grains are neg- 
ligible and of no importance be- 
cause the grains are too large and 
their surfaces too irregular. The 
specific task of every binder is to use 
most effectively the inherent surface 
forces present upon each sand grain. 
To fulfill this task every binder has 
to possess the following properties: 

1. It has to wet the surface of the 

sand grain as much as possible. 
2.The adhering forces between 
the binder and the sand grain 
have to be as intense as possible. 


3. The cohering forces within the 
binder itself must be of the same 
order as the forces of (2). 

In practice, property (1) is most 
frequently accomplished by adding 
the binder in the liquid state. To 
accomplish the other two properties 
the binder must contain or develop 
the maximum number of particles of 
colloidal diménsions. The surface- 
weight proportion is optimum when 
those colloidal particles take a plate- 
or fibre-like form 

Bond clays (inorganic materials) 
and all water-dispersed organic 
binders (such as dextrin and starch) 
used for bonding molding sands con- 
tain such colloidal particles. Such 
colloidal particles develop during the 
setting of cement and during the 
baking of organic binders, and espe 
cially during the polymerization of 
oils such as linseed. 

For sands in the “green state” the 
adhering forces are interacting in the 
presence of a liquid. These forces 
function in the presence of water, 
but little, if any, in the presence of 
oils such as linseed. 

Forces Active in the Green State. 
Between sand and clay. In this case 
we are concerned with the existence 
and interaction of forces between 
silica grains and clay, and between 
the particles of clay themselves in 
water. U. Hofmann and A. Haus- 
dorf* have studied these forces of 
Na-bentonites (electrodialyzed Ca- 
bentonite) with various exchange 
cations. 


In the presence of water the ele- 
mentary particles of Na-bentonite 
are surrounded by a diffusion dou- 
ble-layer. In the presence of water 
the exchange cations (1) try to dif- 
fuse through the double-layer and 





ar 





846 


2) try to separate themselves, aided 
by an increase in thermic movement, 
from the negatively charged sur- 
faces of the silica layers of the clay 
lattice to which they are attracted 
by electrostatic forces. 


According to Debye - Huckel’s 
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Fig. 1—Relation of the average dis- 

tance between ions in solution and 

the relation of the average depth of 

the diffusion double-layer both with 

respect to the concentration of NaCl 
solution. 








Se! \ 
SE SOLUTION 
oF 
Sv + CATIONS 
— ANIONS 
Fig. 2—The uniform distri- 


bution of the cations be- 
tween two silicate surfaces 
of montmorillonite on the 
assumption that a sufficient 
concentration of the loss is 
present in solution. 











theory, the extent of this diffusion 
double-layer, i.e., the average dis- 
tance of the cations from the sur- 
face, is given by the quantity //k 
with the dimension of 
Fig. 1). The distance depends upon 
the concentrations of the same ca- 
tions in the solution, and it dimin- 


length (see 


ishes with increasing concentration 
of the cations. 

Also the average distance separat- 
ing the ions in solution diminishes 
with increasing concentration of the 
cations, but at not so rapid a rate 
as 1/k. With greater concentrations, 
two surfaces can approach so closely 
that an intermixing of the two diffu- 
sion double-layers results. The ca- 
tions spread equally between both 
negatively charged surfaces and bind 
them as illustrated in Fig. 2. 


Binding Action Explained 


In order to explain the binding 
action between and 
Na-bentonite, we can that 
even the surface of the silica grain 
contains a small number of exchange 
cations, so that a mixed diffusion 
double-layer is formed in the pres- 
ence of water. In any Si-O 
dipols are present on the silica sur- 
face which by reason of their elec- 
trostatic dipolar forces attract the 
cations of the diffusion double-layer. 

Since only a_ relatively small 
amount of water is involved in mold- 


silica grains 


assume 


case, 


ing sands, let us consider the extent 
to which the above described mech- 
anism applies. In this water other 
cations usually Ca and Mg are pres- 
ent along with the Na cation of 
Na-bentonite. According to Debye- 
Huckel’s theory the quantity //k is 
true only for monovalent cations 
when the distances involved are 
greater than 25 A. We, however, 
are interested in distances less than 
25 A. 

The above described 
is true for not only Na-bentonite but 
for all clays and is at least qualita- 
tively supported by the following 
facts. According to Grim, Bray and 
Bradley*, the green compressive 
strength of molding sands is depend- 
ent upon the amount of exchange 
cations and as this strength increases 
the number of cations increase. 

With mixtures of constant Na- 
bentonite content at increasing 


mechanism 


moisture contents, the green com- 
pressive strength increases at first 
because the silica grains can be more 
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easily moistened and diffusion d 
ble-layers can develop in the « 
continue to 


As we increase 


amount of water, the green « 
pressive strength attains a maxin 
value and a further increase in wat 
content brings about a decreas: 
this strength because the diffus 
double-layers are unfavorab 
changed due to a diminution in ¢! 
cation concentration. 


From this point of view there 
no justification for the use of soft 
water, a practice sometimes recom 
mended when bentonite is 
Laboratory tests (Fig. 3) prove that 
the green compressive strength of a 
mixture bonded by Na-bentonite in 
creases slightly in relation to th 
hardness of water. 


used 


Consideration is seldom given to 
the influence of anions 
garded as insignificant but which 


olten re- 


nevertheless may be unfavorabl: 
For example, an excessive admixture 
of 2.3 Na.SO, to 100 


grams of Na-bentonite produces a 


grams of 


decrease in 
strength from 300 g./cm*. to 150 
g./cm*. (4.3 psi. to 2.15 psi.). 


green COMpressive 


Forces Active in Green State 


Between sand and organic binders 
The green compressive strength of 
pure silica sands bonded with or- 
ganic binders is generally lower than 
clay bonded sands and most [fre- 
quently this strength cannot be in- 
creased by increasing the amount of 
binder. 

Water-dispersed organic binders 
have less green bonding power, 
rarely exceeding 100 g./cm’. or 1.4 
psi. than clays, and oil bonded 
sands have the lowest green com- 
pressive strength (20-40 g./cm’. or 
0.29-0.58 psi.). When organic bind- 
ers are used the interacting forces 
(Van der Waal’s) are different; 
nevertheless, after drying, a high 
compressive strength is achieved by 
mixtures bonded with organi 


terials, and this strength is at least 
that produced by bond clays. 
Experience has indicated that 4 


certain increase in the green 
pressive strength can be achiev: 
increasing the viscosity of th 
mixture which is limited by th: 
nical conditions of mixing th 
Above a certain viscosity binders do 
not mix well with sand and 
sequently pre iously mentione: 
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' Fig. 3 Influe nce of the hardness of > = 42.6 4 | practi al applic ations in molding 
water on the green and dry com- gd Le _—— sands. 
pressive strengths for a mixture of g< 28.4 + Up to now the consistometer of 
5 per cent Na-bentonite and 4 per Sz | Hophler® has been used for this 
cent water. ~~ 7 14.27 purpose. The suspension to be 
x 
So = tested is enclosed in a hollow steel 
dition of perfect adhesion (No. 2 ” cylinder of known diameter. A 
sr : oe body, generally a small ball, is 
under “Causes of Bond-Properties we 4761 
: aa : “ne «: pressed into the suspension under 
and Strength” is not fulfilled. eo ; 
& = 2.841 different pressures, and the time 
The influence of adhesion, at a Ss measured for the ball to traverse a | 
lower degree of viscosity, can _be “ & 1.42- given distance. Thus the velocity 
more readily observed in ‘ts effect 2° of flowing is measured. 
upon the dry compressive strength, ene In clay suspensions, especially | 
rather than the green compressive a, Rel a a 
= : ; DEGREES unde! arge pressures, water 1s 
strength. Since various binders be- 
have differently in this respect, it 
seems useful, therefore, to consider Fig. 4—The relation between viscosity and (a) shearing stress, (b) green 
the problem of viscosity of organic compressive strength and (c) dry transverse strength for water, linseed oil, 
binders and bond clays at the same dehydrated castor oil, condensated sulfite lye, ethyl-cellulose-ester, sodium- 
time. cellulose-glycolate and Na-bentonite. | 
Viscosity of Binders and Its 994.4 
Influence on Green Compressive i | 
Strength. Assuming that the silica g 852.7 I | 
sand grains are uniformly wetted, x 710 « 
; . . - 27 =x 
each grain will be better enveloped Y ¢ 
by the binder at lower viscosities of & 568. + 3 a Fa os & a, 
the binder. Because of this, some a e || cu! oe a a 
can ‘ ; ; p ° 
organic binders of high viscosity at o 426. re) Hes} | 
2 wu O}/Y ) v) v| 
room temperature are usually ad- rs) © fle | ee | 
bi , 284.1 c 8 >! % © 
mixed at a higher temperature. It > 9 "| = 4 
is also well known from practice i | - <a yi | 
that the admixing of some binders i Lt r 9 
| 
to the sand depends upon the type ig | T rT T | 
of mixing equipment used. 2 |! P A | | ) 
an : . * | = Ps) a | 
There is naturally a great differ- a | | | 2 2 z ~| S) 
° — 7 ° ° | > > z 
ence in mixing Na-bentonite in the z 4.264 | | a re z 5| 2) | 
| - 
presence of water by means of a = b > 3 - =| 
° > yw 
shovel mixer and by means of the 2.84 | | | S| ne 5 Si 
a2 8 ° 4 w . . , . 
Eirich, Simpson or other muller- > LJ “| | 
type mixers. Mixing in the muller- n | Bg) | N | 2 ~ ; 
type mixers is accomplished under ¢ 1.424 q | pe | 
: ° ° ° | 
the influence of higher shearing fe} | | ! | a 
stresses. 2 | 4 | | | 
= ye | ] 
Influence of Shear Stresses % | Bs} oo o. | | 
. ° ° w) N “ 
For comparison, Plesinger* shows | rs =| - Su 
-_ ° 4 °o 
that after mixing in a muller-type 14.2 =| e & pel = 
mixer, a sand containing the opti- | = m ‘| ay BS 
' ‘ +. ' 
mum admixtures of Na-bentonite | ol <| «| % ©| 
. . ' > x + 
and water gave a green compressive — 10.7 4 ‘i =| > ww | tas | 
i E “ | re o 3 z -| 
strength 20-60 per cent higher and “ ~ Peep wI~ | 2 
° , >= ww ee H 
a dry compressive strength 60-300 mA z= 9 re} =| 9} 
Mees 2 ce al 8/8 5 . 
per cent higher than the same sand = m1 - i of = g7/* | 3 | 
mixed by a paddle-type mixer. The 5 Be X ps z=) =} 
. : - e . /z 
influence of shear stresses is evident < 4 va a Q| wo! se ’ pe 
c . ° = . 
from the well-known viscosimetry of = ps | | cu! @ | SS) 4 
. w -_ 
colloidal substances. 3.55% = | "_ 
~ 
It appears difficult to follow the 1 / | 
influence of shear stresses on the eS OS Ce ETE OD a. AM. 0 = 
viscosity of some binders, especially a ee er eee ge 
Pinar dpe srt Hh “seca -3 -2 -1 2.2 @ Om 
or large : y suspensions 
ee eee VISCOSITY LOG POIsE/ , 
concentrations which occur in their 20 
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pressed out by the ball and the sur- 
face of the ball is lubricated by the 
water. The amount of water in the 
suspension changes with the distance 
traversed by the ball and, conse- 
quently, the measured time values 
change as well. Owing to war con- 
ditions it has not been possible to 
introduce a more satisfactory meth 
od and the dependence of velocity 
of flowing on shear stresses could be 
measured only for some suspensions 


and then only approximately. 


Flow Values 

The values of viscosity which may 
he obtained from the curve of flow- 
ing are, under these circumstances, 
significant only for general orienta- 
tion. The differences between the 
flow values of the various binders in 
suspension are so large that they 
shift into the background _ the 
theoretical uncertainties and lack of 
exactness originating from the test- 
ing procedure. However, the flow 
values obtained do permit us to 
make some interesting conclusions. 

Figure 4 shows a summary of re- 
sults obtained. Figure 4a shows the 
relation of viscosity to shear stress 
for some well-known binders. (lin- 
seed oil, Na-bentonite, etc.) and also 
for some materials that may come 
into consideration as binders (Na- 
cel-glyk and ethylcel-ester) . 

The viscosity of materials such as 
oils do not depend shear 
Na-bentonite is one of those 


upon 
stresses. 
substances which, when in suspen- 
sion, exhibits diminishing viscosity 
with This 
phenomenon is described as: struc- 
tural viscosity or, more generally, as 
shear 


increasing shear stress. 


quasi-viscosity. At small 
stresses some binders behave almost 
like a solid and their viscosities ap- 
proach infinity. 

Figure 4b shows the relation be- 
tween green compressive strength 
and the measured viscosity at its 
maximum value. Figure 4c shows 
the corresponding values for the dry 
transverse strength. In all tests the 
viscosities of the binders were meas- 
ured for concentrations generally 
found in foundry sand mixtures and 
these concentrations were admixed 
with the sand. Because of previously 
mentioned experimental difficulties 
the testing of Na-bentonite suspen- 
sions required a relative increase in 


the amount of water. 
In general, for all types of mate- 
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Fig, 5—Schematic representation of 


the relation of velocit) of flowing to 
shearing stress for various types of 
binders. 


rials, we have to assume that their 
necessary uniform distribution can 
be achieved only when the viscosity 
does not exceed a certain limit re- 
lated to any material in question. 
When a particular limit is exceeded, 
the uniformity of distribution neces- 
sary for green compressive strength 
is incomplete and green compressive 
strength is diminished. 

For a_ binder which exhibits 
quasiviscosity the necessary uniform- 
ity of distribution of that binder can 
be achieved by increasing the shear 
small shear 
stresses is too large. If at a given 
shear stress, the limit of mixability 
for any mixer is exceeded by in- 
creasing the concentration of the 
binder, the resulting green compres- 
sive strength of the mixture de- 
creases. This is shown in Fig. 4, 
with sodium-glycolate of cellulose 
(Curve N, Fig. 4b). 

Due only to this influence of shear 
stress, it is possible to mix the Na- 


stress if viscosity at 


bentonite suspension and to explain 
the influence of different kinds of 
mixers upon the achieved strengths 
according to experience from prac- 
tice. A lower viscosity achieved by 
warming, results in better mixing of 
all binders, especially viscous oils, 
resinous materials and pitch. The 
warming of certain binders is a gen- 
eral foundry practice. 


Viscosity Relationship 
Figure 4b shows that the relation 
between green compressive strength 
and viscosity has more general im- 
portance, since this strength usually 
increases as the viscosity increases. 
This relation is more evident when 
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we consider the character of fi 
schematically in Fig 
various types of binders. 

For the coordinate system use: 
Fig. 5, viscosity is determined 
the tangent to the curve in ques: 
at any particular shear stress. 1] 
curves are of different character 
become straight lines for pu 
viscosity (after Newton) which 
curs with water and oil. The cur 
lines in Fig. 5 indicate that for cer- 
tain water-dispersed organic binders 
viscosity varies with shear stress 


given 


Influence of Thixotropy 


When a curve passes through th : 


origin of the coordinate system 

movement approaching that of flow- 
ing occurs at very low shear stresses 
If the curve begins to rise from 

certain shear stress, the binder up to 
this stress behaves as a solid. Thy 
position and character of the curves 





depend upon the temperature and 
on the duration of shear stress. as 
mentioned later in connection with 


the study of the influence of 
thixotropy. 
From theoretical considerations. 


materials which behave as solids up 
to the greatest possible shear stresses 
will possess the best properties for 
the development of green compres- 
sive strength; and if at the sam 
time these same materials have th 
lowest possible viscosity they will 
possess the best properties for admix 
ing into the sand and for ramming 
the sand. Figures 4 and 5 show that 
of the materials mentioned, Na-ben- 
tonite more closely approaches the 
theoretical conditions. 

Some macromolecular organi 
substances which exhibit swelling in 
the presence of water have qualities 
approaching those of Na-bentonit: 
and achieve excellent strength after 
drying. A suspension of Na-bentor 
ite behaving as a quasisolid mate! 
at low shear stress produces a suffi- 
cient green compressive strength in 
the sand; however, at a higher s! 
stress the viscosity rapidly decr: 
and the Na-bentonite can _ be 
mixed into the sand. 

In this respect other bond 
are characterized by a less favor 
behavior as shown in Fig. 5 
not possible at present to di! 
compare the influence of shea: 
on the binder alone and a n 
of the binder and silica sand 
sand mixture can be classed ; 
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Fig. 6 Left) Compre ssron test on 

ethyl-cellulose-¢ ster (starch) Gree i 
1.85 pst. 

Fic. 7 (Right)—Same as Fig. 6, 


com pre ss1ve 


“oreen” sand honde d r th one per cent 


strength 130 oem./en 


Deformation just before fracture 10 per cent 


at instant of failure Deformation 


14 per cent. 


very rough polydisperse system. The 
influence of the properties of the 
silica sand, such as grain size, grain 
distribution, and form and quality 
of the grain surface is evident 

A pure silica sand mixed with a 
purely viscous binder (such as shown 
by curve A, Fig. 5) shows a certain 
green compressive strength, however 
small. The sand mixture behaves as 
one system according to curve B or 
curve C of Fig. 5, providing the 
concentration of binder does not ex 
ceed a certain limit above which the 
sand mixture flows. 

The individual characteristics of 
the binder can best be observed by 
watching the movement of grains in 
“green sand” during a pressure test. 
[he movement of the grains would 
be recorded best by filming. Figures 
6 to 9 show the more viscous be- 
havior of sand-Alkylin system (mix- 
ture) as compared to the sand-( Na- 
bentonite) system. 

The influence of various amounts 
of different clays upon silica flour 
relative to the coefficient of internal 
friction has been studied by Endell' 
and collaborators. Although a dif- 
ferent physical quantity is con- 
cerned, the results are instructive 
from the point of view considered. 
Na-bentonite more than other bind- 
ers, reduces the coefficient of inter- 
nal friction. A very fine silica flour 
can serve as an example to show 
how the properties of binders can 
be influenced. 
their mutual influ 
mechanical 
uch as permeability and dry com- 


Concerning 


nce as to properties 


pressive strength, we may refer to 
the work of Morey and Taylor’ and 
to Fig. 11 
ent characters of the curves of Fig 


The causes of the differ- 


11 will be sought in the simultane- 
ous presence of different clays and 
in the influence of water upon their 
swelling abilities with the object of 
explaining the green compressive 
strength curves and especially the 
maximum 


different positions of 


permeability. 

The swelling of binders from the 
point of view of molding sands has 
been studied by H. Reininger and 
H. Jentsch’®, K. Endell and Collab- 
orators’, and Piper". The swelling 
mechanism cannot be regarded as 
the principal cause of the binding 
properties of materials found with 


or admixed with molding sands 


This is indicated by the circun 
stance that there does not exist any 
principal difference in the manner 
of admixing the binder as is shown 
in Fig. 12 for the addition of Na- 
bentonite and water to sand 

The swelling of the binder and the 
certain character of viscosity are but 
different manifestations ol the 
binder concerned with regard to the 
size of the elementary particles, the 
shape of the parti les and the action 
ot spec ice surtace torces, et Thix 
otropy, one of many other properties 
of this type, has been found very 
useful for explaining the behavior of 
colloidal binders in sand mixtures 

Thixotropy and Sand 


Chixotropy is most frequently de 


Crre ‘7? 
fined as the process describing the 
ability of a colloidal gel to change, 
upon shaking or mixing, into a rela- 
mobile which reverts 


tively mass, 


slowly again to the gel condition 
when in a state of rest. Thixotropy 
is an especially clear illustration of 
structural viscosity, because in the 
case of small shear stresses, they will 
be found to have no effect upon the 
gel but, in the case of high shear 
for example, produced by 


stresses 


shaking), the gel becomes liquid 


Thixotropy Defined 
According to Winkler’ 
is well defined as the proportion of 


thixotropy 


the volumes of liquid and solid mat- 
ters which is required, one minute 
after shaking, for the suspension to 
just flow out of an 8 mm. diameter 


test tube. when the test tube is 


Fig. 8 Left) Com pression test on “green” sand bonded with 5 per cent 
Na-bentonite. Green compressive strength 260 gm./cm.* (3.7 pst Defor- 


mation just before fracture 0.0 per cent 
as Fig. 8, but 
18 per cent. 


Fig. 9 (Right) 


Same 


at instant of failure Deformation 
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changed from a vertical to a hori- 17.04 ; | | 


, | 
zontal position. 





U. Hofmann" has conceived a 
model which is useful in explaining 
thixotropy of Na-bentonite. Hof- 
mann imagines that under certain 
circumstances the layers of Na-ben- 
tonite in water are arranged as a 
house built of cards. Thixotropy, 
therefore, attains its maximum value 
when the particles of Na-bentonite, 
without losing contact with one an- 
other, occupy the greatest possible 
volume. 

Figure 13 shows the influence of 
various conditions of mixing Na- 
bentonite with sand upon the value 
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5.68 
of thixotropy, measured. according to 
the method of Winkler. It will be | 
clearly seen that mechanical action 
such as mixing Na-bentonite with 2.84 
sand in the presence of water pro- > 
- 
C109 
Fig. 10—-Relation of different clays 0 | . 
admixed with silica flour and the O 5 4 6 8 10 i> 
coefficient of internal friction. 
MOISTURE, PERCENT 
Fig. 11—Green compressive strength of different sands and the point 
maximum permeability. 
Curve B—Na-bentonite according to Morey and Taylor.’ 
Curve C—Clay according to Morey and Taylor.’ 
= Curve G—Activated Na-bentonite from Geisenheim according to Endell.’ 
“ey Curve N—Current activated German Na-bentonite. 
a re Czechoslovakian naturally bonded sands according to Pisek and Holman. 
_ a XN Clay Content 
: Per cent ’ 
° Curve 24—Rudice on 15.9 
° \ ena Curve 27 Stepanov : or 14.5 
° A Curve 39 Blansko . 10.6 
: A Curve 40—Rosice 14.1 
° \ V Curve 46—Kobylisy . ee Freee: 
b4 ° a Note: In a designation such as 90/0, 145 the first number gives the point of maxi 
7 } = mum permeability, the second number the average grain size for the sand used. 
: 
: \ 
: \ \ duces very favorable results due to immediately after mixing can b } 
: \ \ the swelling and distribution of the one-third less than it will be some 
: binder. hours later. In conducting such 
. ° .¥ rm. ° . . 
: rhixotropy has also been meas- tests all outside influences such as 
: ——ee ured for the same mixture for vari- drying-out have to be eliminated 
® ous orders of admixing the ingredi- Some macromolecular organic 
: ents. Thixotropy changes with the materials behave similarly. These 
: resulting space distribution of Na- materials are always sensitive, in 
: bentonite and parallels the course of varying degrees, to the time of mix- 
green compressive strength. At the ing, because their molecules can bi 
same time it can be demonstrated destroyed by the grinding effect o! 
that thixotropy indicates very sensi- sand grains. This can be demon- 
MICA tively the quality of Na-bentonite, strated experimentally by centril- 
-—=— = — KAOLIN and that it can serve in practice for uging a suspension of such sub- 
—-+mes= Ca- BENTONITE the evaluation of various deliveries. stances through a layer of sai dl 
Thixotropy can exert considerable sulting in a decrease of viscosity 
seveveveeere NA- BENTONITE influence upon the green compres- even though the composition ™ 
| sive strength because of the depend- mains the same. 
100 SILICA FLOUR Oo ence of this strength upon the time Strength After Drying. The term 
ie) CLAY 100 factor. In the case of Na-bentonite, “drying” has different phy ical, 
PER CENT green compressive strength measured chemical and mechanical inter) reta- 
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Fig. 12—-Influence of the order of 
admixing Na-bentonite and water to 
sand on the strength properties. 


tions with respect to the particular 
binder being considered. It is neces- 
sary to distinguish between the 
processes by which a binder develops 
its strength after drying. The proc- 
esses are 

1. Simple mechanical desiccation 

during which the binder does 

not change chemically and, 
2. Chemical change in the binder 
and, 
. Physical change marked by los- 
ing or binding of water. 

In the first case capillary pore 
water is always removed and it does 
not matter if this is done in vacuum 
at room temperature or by the appli- 
cation of temperatures up to the 
boiling point of water at normal 
barometric pressures, this latter 
method being the only practical 
way. All clays and some water-or- 
ranic binders are dried this way. 

In the second case the binder 
hanges chemically, the action being 
ccelerated by the application of 


~ 





temperatures above that of the boil- 
ing point of water. A classical ex- 
ample is the polymerization of lin- 
seed oil. Under the influence of 
varying higher temperatures differ- 
ent reactions of the binder will take 
place 

For example, the condensation 
product of sulfite lyes with formalde- 
hyde and urea can be completed 
during the drying according to curve 
A, Fig. 14. The influence of higher 
temperatures upon the “dry” trans- 
verse strength after 2-hour drving 
period is indicated by curve B of Fig. 
14, for the precondensed products 
of sulfite lyes with formaldehyde and 
urea. 

The third process of drying in- 
volves (1) the loss of water of crvs- 
tallization accomplished above the 
boiling point of water, for example 
in clays, and (2) the binding of 
water (hydration) to the binder 
particles, for example, portland ce- 
ment. 


Drying Phases 

When chemical reaction is neces- 
sary to produce dry strength the 
drying requires two phases. During 
the first phase the mechanically held 
water is removed and in the second 
phase the chemical reaction occur- 
ring results in an increase in 
strength, providing the binder is not 
destroyed because of too high a tem- 
perature. Figure 4 shows the differ- 
ence between binders requiring only 
the removal of mechanically held 
moisture and those binders requir- 
ing a chemical reaction for the de- 
velopment of dry strengths. 

Upon desiccation the particles of 
the binder are enabled to approach 
one another and the previously 
mentioned attractive forces grow 
more effective than when water is 
present. It is very important (1) 
how the binder particles. cohere at 
their surfaces and (2) how the 
binder particles adhere to the sur- 
face of the sand grains. Research 
upon various kinds of bentonite by 
the electron microscope has shown 
that Wyoming bentonite is probably 
more adaptable since after being 
dried it forms a stronger, more co- 
hesive skeleton. 

When more water than that re- 
quired to produce the optimum 
green compressive strength is ad- 
mixed, the dry compressive strength 
will be found to increase. This is 
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common for all organic binders and 
is caused by better distribution of 
the elementary particles. Viscosity 
and physical-chemical surface effects 
must be considered for studying or- 
ganic binders. 

For example, on experiment with 
an asphalt emulsion (35 per cent 
asphalt, 8 per cent Tall oil, 3 per 
cent NaOH 38°Be and remainder 
water) has shown that the emulsion 
is completely separated into con- 
stituents upon contact with pure 
silica sand and the dry transverse 
strength is zero. This behavior fol- 
lows experience with highway-emul- 
sions of oil-in-water type, for distri- 
bution in pure silica sand is much 
worse than distribution in crushed 
stone which is produced from min- 
erals containing compounds of bi- 
and trivalent metals. 

It has been possible to stabilize 
the tested emulsion partly by (1) 
admixing 5 per cent Na-bentonite 
which results in a dry _ transverse 
strength of 4.5 kg./cm.*, or com- 
pletely by (2) immersing the sand 
in a 0.5 per cent soap solution which 
results in a dry transverse strength 
of 8 kg./cm.*. Foundries generally 
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Fig. 13—Values of thixotropy (ac- 
cording to Winkler) for sand and 
Na-bentonite mixtures reported as 
follows: (a) Ratio of volumes of 
water to one unit volume of Na- 
bentonite and (b) Ratio of volumes 
of water to volumes of sand plus 
Na-bentonite. 

Column (1) Sand and 5 per cent 
Na-bentonite as “dry” materials 
hand-mixed for 20 min., 

Column (2) Same proportion of 
materials mixed “dry” for 20 min. in 
a muller-type mixer and, 

Column (3) Five per cent water 
added and “wet” mixed for 20 min. 
For the third condition, thixotropy 
was determined after the addition of 
33 volumes of water, agitating, and 
a setting period of 15 hr. 
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water-in-oul 


use emulsions of the 
type and the previously mentioned 


separation into constituents does not 
occur with this type of emulsion. 

Of all the factors involved in the 
attainment of dry strength, viscosity 
is the most evident, and one general 
statement pertaining to this produc- 
strength by organic 
When the 
upper 


tion of dry 
binders is as follows: 
viscosity exceeds a_ certain 
limit, depending upon the binder 
and mechanical mixing equipment 
the dry strength continues to de- 
crease at constant amounts. of 
binder. This is well shown in Fig. 
14c in the case of sodium-glycolate 
of cellulose and in Fig. 15 for the 
condensate Of sulfite lye. 

Factor w/b. For the example 
cited in Fig. 15 the optimum values 
of dry transverse strength can be 
achieved for each amount of binder 
at a constant proportion of total 
water in the mixture and binder. 
This relation is given by the propor- 
tionality factor w/b.* For the exam- 
ple cited, w/b 0.4 and the binder 
itself had a water content. 

If the green compressive strength 
and the dry transverse strength of 
any binder was dependent solely 
upon viscosity, it would have to be 
expected that for various amounts 
of the binder the maximum 
strengths would be obtained at con- 
stant value of w/b. This has been 
found to be true for the green com- 
pressive strength. 

With some small deviations the 
factor w/b is 0.26 for the data re- 
ported by Morey and Taylor’ who 
studied the properties of Na-ben- 
tonite bonded mixtures. From the 
dry compressive strength data of 
Morey and Taylor, w/b was calcu- 





*The proportionality factor w/b can 

be considered in various ways. 

Let w amount of water added to 
mixture in per cent. 
amount of binder “as sup- 
plied” by producer, in per 
cent, 
amount of binder less any 
water content, in per cent. 
amount of water in “as 
supplied” binder, in per 
cent. 

Therefore b' + w' = 6b 

w 
or - w/b 
b’ + w’ 
Another proportionality factor such as 


can be used. 





lated as 0.54 when the relative of 
some certain per cent of binder with 
water ceases to be linear. If we de- 
sire an exact expression for w/b it is 
always well to note the strength and 
permeability values at definite 
amounts of binder or water in rela- 
tion to the factor w/b. 
Relationships which 
would have to be expressed by a 
three-dimensional diagram, are thus 
quite easy to comprehend. In prac- 
tice it is not feasible to compare 
several three-dimensional diagrams, 
which would be necessary when one 
is obliged to seek a compromise per- 
centage of water sufficient for dry 
transverse strength but not too high 


otherwise 


for ample compressive 


The comparison of two- 


green 
strength. 
dimensional diagrams (simple coor- 
dinate systems) giving the relation 
for the factor w/b is very easy. 
From these two-dimensional dia- 
grams it is always evident that for 
a given amount of binder the value 
of the factor w/b is always much 
lower and the viscosity higher after 
obtaining the maximum green com- 
pressive strength in comparison with 
a lower viscosity and higher value 
of the factor w/b after obtaining the 
maximum dry transverse strength. 


Uniform Binder Distribution 

Frequently the latter strength 
value cannot be attained because in 
the “green” condition the sand 
flows. As a result we are primarily 
concerned with increase of internal 
friction within the binder for the 
production of green compressive 
strength. The binder must be uni- 
formly distributed between the 
grains. On the other hand, to 
achieve the highest possible dry 
transverse strength, the grains must 
be perfectly enveloped, for only then 
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Fig. 14—Relation of the condensa- 
tion degree of the sulfite lye binder 
to dry transverse strength. 
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can the binder achieve a strong con 
tinuous binding of the grains. 

Simultaneous Use of Variou 
Binders. The simultaneous admis 
ing of two or more binders pro 
vides properties not attainable fro: 
the use of a single binder. Mos 
frequently, practice in Czechosl 
vakia has found it necessary to i 
crease the strength properties in th 
“oreen” state of core mixtur 
binded by organic materials such a 
oils (which produce high strength 
properties upon drying). 

Mere experience leads most fre- 
quently to quite negative results 
proven by the example given in Fig 
16, where an emulsion oil (water- 
in-oil) has been literally spoiled by 
admixing a naturally bonded sand. 
Figure 17 indicates much better re- 
sults can be obtained by the simul- 
taneous use of Na-bentonite with 
sulfite lyes, or even better, conden- 
sation products derived from them 
Such mixtures have given satisfac- 
tory results for the production of 
blown cores. The use of Na-benton- 
ite with a cereal binder such as corn 
flour belongs in this class. 

In all cases of the simultaneous 
use of a clay and a water-dispersed- 
organic binder, the clay is the de- 
cisive factor for green compressive 
strength. The eventual increase in 
green compressive strength upon thx 
addition of an organic binder is fic- 
titious for the organic binder absorbs 
a part of the water. The reduced 
amount of water available to th 
Na-bentonite naturally produces 
higher green compressive strength 

In all cases of simultancous use 
of a clay and a water-dispersed-or- 
ganic binder, the dry strength prop- 
erties are always higher than w! 
the clay is used alone and gene: 
lower than when the organic bi: 
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Fig. 15—Dry transverse stré 
condensated sulfite lye bi 
various percentages of & 





iS 


L. JENICEK 


GREEN COMPRESSIVE STRENGTH,PSI. 
uO @ 


~ WN 
@ N 


DRY BEND STRENGTH,PSI. 
SS 
eames nD 


a 


T 








SILICA SAND 
all 














SILICA SAND 50% 
NATURAL BOND SAND 50% 





SILICA SAND 
MA. 


Fig. 16—Relation between the si- 

multaneous addition of an emulsion 

oil (oil-in-water) and naturally 

bonded sand to silica sand, with re- 

spect to the developed green com- 

pressive strength and dry transverse 
strenoth. 


Fig. 17—Relation between the si- 
multaneous addition of Na-bentonite 
and a condensated sulfite lye binder 
to silica sand with respect to the 
developed green compressive and dry 


transverse strengths. 
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is used alone. Water-soluble-organic 
binders are influenced less by the 
presence of clays than water-dis- 
persed-organic binders. 

Other properties such as reduced 
drying on the molded surface or 
change of strength at high tempera- 
tures as well as “green” properties 
are involved in the simultaneous use 
of inorganic and organic binders. 

The rather widespread use of ce- 
ment-sand mixtures has led to expe- 
riments with various combinations 
which should have offered a mixture 
of certain green compressive strength 
needed for the production of cores. 
For this purpose water-dispersed 
starch or ethylester of cellulose have 
been used. They should have influ- 
enced the factor w/b of the cement- 
water system. 

At first the strongly swelling sub- 
stance should deprive the eement of 
vater. During the setting of the 


cement the organic binder should 
permit the returning of the water 
necessary for the hydration of the 
cement. Na-bentonite, or even the 
admixture of a naturally bonded 
sand has been used with some suc- 
cess, but at a reduction in the final 
strength of the cores. 

None of these methods is a final 
solution and we can but hope that 
the results of the theoretical study 
of binders in the indicated directions 
will bring improvements, either with 
an organic binder offering at the 
same time green and dry strengths, 
low gas content, and_ suitable 
strength at higher temperatures, or 
by a combination of binders influ- 
encing one another in a positive 
sense. 

Sand at Higher Temperatures. 
Up to the present, very little atten- 
tion has been given in Europe to 
strength of sand mixtures at ele- 
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vated temperatures. The study of 
the influence of elevated tempera- 
tures has been limited to observation 
tests. 

This test leads to the knowledge 
that sands bonded by clays increase 
in strength properties up to a cer- 
tain temperature at which no liquid 
phase occurs. The causes of this 
phenomenon should be determined 
with regard to the extent of crystal- 
line transformations, to reactions in 
the solid state, and to the tighter 
binding of the exchange cations 
which on warming lose their ex- 
change ability. 

Much attention has been given 
to the behavior of sand mixtures at 
temperatures approaching the melt 
ing points of iron and steel. Ardenne 
and Endell'* especially have studied, 
under the electron microscope, bond- 
ing materials at fusion temperatures 
and the following conclusions have 
been made: The fusion temperature 
of binders which form a continuous 
peel of sand facilitating cleaning is 
relatively low. Up to the present the 
only experiment regarding the vis- 
cosity of the bonding material of a 
naturally bonded sand, from the 
Rosenthal district, has been con- 
ducted in the temperature range 
1200°-1450° C (2192°-2642° F). 

According to Endell'® viscosity at 
elevated temperatures can be calcu- 
lated from chemical composition. 
The results for certain available 
sands are interesting even though 
not reliable at this time. However, 
these results do support Endell’s con- 
clusion regarding the calculation of 
viscosity and this field of investiga 
tion deserves more attention, for it 
may lead to improvements in mold- 
ing sand. 

Conclusion. The description of 
experimental details has been lim- 
ited as much as possible. The meth- 
ods used to determine the strength 
properties do not differ essentially 
from the Standard A.F.A. proce- 
dures’®. The A.F.A. procedures are 
by far the most frequently used in 
Europe even though objections have 
been raised regarding the method of 
ramming the test specimens. 

It has to be admitted that to some 
extent these objections are justified, 
especially by those foundries that 
desire to study more thoroughly the 
mechanism of bonding. It is evident 
that this subject deserves to be ex- 
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amined and discussed. Current 
foundry practice will not be influ- 
enced by any discussions concerning 
ramming. 

Besides his own results and experi- 
ences the quotes those of 
other authors the 
more completely informing the 
foundryman upon the 
trends of investigation 


author 
for purpose of 
American 
European 
during the long interval of the war. 
Unfortunately American  publica- 
tions so important for comparison 
were inaccessible until recently. 
Summary. For the explanation of 
the bonding mechanism resulting in 
green compressive and dry transverse 
strengths of molding sands we have 
to assume the interaction of certain 
surface forces never before described 
in foundry literature. Attention has 
been given to the viscous properties 
of binders, with special emphasis 
upon thixotropy, regarding their in- 
the observed green 
and dry 
The importance of the 


fluence upon 


compressive transverse 
strengths. 
factor w/b has been shown. Strength 


at elevated temperatures has been 


briefly mentioned. 
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D. <. 
shortage of 
if you will take advantage of the fur 
mentals Dr. Jenicek brought out in 
paper, you can perhaps use a cla 
sand mix. However, you 
going to run into difficulty. You 

have to take imto account the s|} 
stresses that Dr. Jenicek mentioned. B 
tonite will probably be the best one. \ 
can use it in small quantities, but 


WicuiaMs': I understand t!} 


is a cereal binders. I tl 


your core 


crease the shear stresses in your mixtu 
You will have to increase the spread 
revolution of your mixer. 

He also brought up the point whi 
I think is important in mixing two c] 
together in the same mixer. Be sure t! 
clays, in their fundament 
complement 


those two 


properties, one anot! 


Some of you mix fire clay and bentonit 


in the same mixture. They, however, 


not have properties which complemer 


each other, and one subtracts from 
other. It will take a lot of study to 
preciate this paper. 

He 


order of 


mentioned the fact that 
the ingredients is 


also 
mixing 


¢ 


portant. You can change the properties 


mixes by the way you 


the 


of any 
the ingredients to 


new 
mixers. If y 


yu 


would understand the fundamentals that 
Dr. Jenicek has presented you can get 


a more economic use from binders th 


you are going to use, and particular! 


some of the organic ones of which the 
may be a shortage. You will use les: 


t 


a 


them and get better properties out of 


your mixture. 


‘Cornell University, Ithaca, N. Y 





CRITIQUE OF MAURER DIAGRAM 
FOR CAST IRON* 


Marcel Remy 
de |l'Association Technique de Fonderie de Belgique 





TWENTY-TWO YEARS AGO Maurer question of cooling rate; as far back 
published his famous diagram in as 1927 Maurer published a paper, 
Kruppsche Monatshefte July, 1924. in collaboration with Holtzhaussen, 
Since then, founders have been and from that time it was recognized 
faced with this diagram (Fig. 1) in that the original diagram was only 
every foundry technical publication. correct for test pieces of 30 mm. 

The meaning of the diagram may whereas, originally, Maurer’s pre- 
be briefly recalled: Total carbon tensions were unlimited. Reading 
percentages are scaled along the the 1924 paper, one is astounded at 
ordinate of the diagram, silicon con- 
tents along the abscissa; each point 


the alleged scientific laws pro- 
pounded by the author. 

. ° " 097 . re » 
of the diagram corresponds to a In his 1927 paper Maurer cor- 
possible composition of a Fe-C-Si rects the mistakes made in his dia- 
alloy. According to Maurer, the 
structure of a cast iron would be 
adequately determined by its carbon 
and silicon contents, and the various 


gram in the zones corresponding to 
high C content by bringing higher 
up point A to which the straight 
lines converge. 

possible structures would be realized In a recent paper by Uhlizsch, a 


by alloys, the composition of which new diagram is shown with a differ- 


would correspond to certain zones ent set of lines for each rate of cool- 


of the diagram, these zones being ing. These new diagrams definitely 
condemn the original hypotheses of 


Maurer. 
The eminent French = scientist. 


contained between straight lines 
converging at a point on the ordi- 


nate corresponding to 4.3 per cent , 
total C Prof. A. Portevin, commenting on 


; ; : a study of the matter whi . 
From the start this diagram which the 


proved to be at fault and Maurer 
himself provided a_ small zone 
around point 4.3 of total C, which 
would correspond to what he called 
“meliertes gusseisen” or mottled 
cast irons. Then there was the 


w 
w 


*Presented informally at a Gray Iron 
Committee Luncheon May 8, 1946, at 
the Fiftieth Annual Convention of the 
\merican Foundrymen’s Association in 
Cleveland, Ohio, by Vincent Delport, 
European Manager, Penton Publishing 
Co., for Marcel Remy of de I’ Association 
lechnique De Fonderie De Belgique. It 
s an abstract of three papers on the 
same subject published in la Fonderie . 2 30 3 


Carbon, per cert 
~~ w 
ow Oo 


I 
White Cast Iron 


-= 
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writer sent to him, says: “Maurer 
has made an error of conception 
and a number of errors of method 
or of drawing.” Portevin refers to 
experiments made by Mr. Laplanche 
on cylindrical test bars of 50 mm. 
diameter cast in green sand. These 
experiments have enabled a series of 
diagrams to be drawn, correspond- 
ing to various values of a coefficient 
K which characterizes the aptitude 
of cast iron to graphitization It 
should be noted that the curves of 
these diagrams diverge in the direc- 
tion of the higher carbon contents 
and converge in the direction of the 
higher silicon contents. That is pre- 
cisely in contradiction to the 
Maurer diagram in which the 
straight lines converge toward the 
higher C and diverge toward the 
higher Si. No greater opposition 
could be found between the repre- 
sentation of results. 

The reader will also find in La 


Fonderie Belge of the Belgium tech- 


> 40 45 S30 55 68 


Belge. These papers were translated from Silicon, per cent 
’ 


the original Belgian by the Staff of Bat- 
telle Memorial Institute and are herein 
included in abstract form. 


Fig. 1—Maurer Diag 


ram for Cast Iron. 
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nical association the writer’s own 
opinion as a foundryman: I ask 
myself how it is possible to clarify 
all the structures in one diagram 
having total C as an ordinate, while 
the phenomena of solidification 
alone are influenced by total C, and 
this factor (of total C) does not 
intervene, or hardly, in the phenom- 








Maurer Dia 











ena of transformation in the solid 
state (formation of pearlite and 
ferrite). 

By what should the Maurer dia- 
gram be replaced? In any case, as 
far as Belgian founders are con- 
cerned, the Maurer diagram is defi- 
nitely condemned to eternal obliv- 


ion. 





FALLACY OF THE MAURER DIAGRAM* 
M. Georges Halbart' 


FOUNDRYMEN ARE FAMILIAR with 
the Maurer diagram for cast iron 
(Fig. 1). The writer shall recall its 
meaning to you. 

If the total carbon contents are 
represented as ordinates and the 
silicon contents as abscissae, each 
point on the diagram corresponds 
to a possible composition of. an 
Fe-C-Si alloy. 

The structure of a cast iron, ac- 
cording to Maurer, would be deter- 
mined by its contents of C and of 
Si and the different possible struc- 
tures would be realized by alloys 
corresponding to the zones of the 
diagram delineated by the straight 
lines converging at a point corre- 
sponding to 4.3 per cent carbon, 
0 per cent silicon. 

Under these conditions, Zone I 
would be the zone of white cast 
irons; Zone II that of pearlitic cast 
irons, and Zone III that of ferritic 
cast irons; Zones Ila and IIb being 
intermediate Zones, the first that of 
mottled cast irons containing both 
primary cementite and graphite, 
and the second that of pearlite-fer- 
rite-graphite cast irons. 

What is it that impresses us in 
this diagram? It is first of all its 
simple form. Theoretical one might 
say, in order not to say “scientific.” 
There are straight lines which con- 
verge at a point, which is known, on 
the iron-carbon diagram, to be a 
singular point. 

But, from the beginning, the 
Maurer diagram, in practice, has 
been at fault. This was not the first 


*Abstract of translation of original 
article appearing in la Fonderie Belge, 
p. 7, Special No. (1940-1945). 

‘Ingenieur A, I. Lg. Secretaire General 
de 1A.T.F.B. 


time, nor the last, that an experi- 
mental study has been vitiated by 
error. I: science, nothing is ever 
definitive. One approximation re- 
places another, and therein lies 
progress. But, besides modification 
and improvements, there are 
changes, particularly difficult to ac- 
complish, such as those which repre- 
sent the abandonment, not of a sim- 
ple collection of experimental re- 
sults, but of a law or theory. 

There was first the point 4.3 per 
cent carbon, 0 per cent silicon 
which, in the diagram in question, 
was a point. An alloy of this com- 
position would have an indetermi- 
nate structure, since this point was 
common to all zones. Also, Maurer 
traced, around this point, a boun- 
dary delineating a reserved zone: 
that of “mottled cast irons” (meli- 
ertes gusseisen). 

Next, and above all, there was 
the question of rate of cooling. Ad- 
mitting that the diagram may be 
valid for “average” pieces, it was 
certainly not so for pieces of very 
different thickness. Foundrymen 
did not rely on Maurer to know 
that a composition, cast in thin sec- 
tion, would give a white cast iron, 
but if cast in a heavy section would 
give a pearlitic or even ferritic cast 
iron. 

In 1927, Maurer published a new 
report in which he studied the in- 
fluence of the rate of cooling on the 
structures of cast irons. In his first 
study, Maurer had specified that his 
diagram was only valid for “nor- 
mal conditions.” 

In his first study, Maurer found 
a small piece of cast iron which 
persisted in not solidifying in an 
orthodox manner. But it had, citing 





Maurer, solidified under “unf 
able” conditions. 

Maurer published in collabo: 
with Holtzhaussen the initia] 
gram for various conditions of 
ing. Here it is a question of 
tematic tests. These tests were n 
on bars of uniform dimen 
(@=30 mm.); the rate of co 
was modified by preliminary heat 
of the mold, or by the use o! 
metallic mold. 

From this epoch dates experi 
mentation with 30-mm. test bars. 
and from this time, it was admitted 
that the original diagram was valid 
only—and had been set up onh: 
for this dimension of test bars. Now 
this is an error. In considering th 
Maurer diagram, it is well to recall 
that initially its pretensions wer 
unlimited: there was a single dia- 
gram for all cases or, at least, for 
all “normal” cases. 

But, if he deemed it necessary to 
restrict the field of application of 
each of the diagrams, each, how- 
ever, kept the same form as the ini- 
tial diagram; only the position of 
the different lines was modified 
The authors who, in the second 
memoir, took the trouble to do seri- 
ous experimental work, committed 
the sin of the preconceived idea 

They decided in advance that it 
would be the form of the diagram 
in which they would, willy-nilly 
enter their results. At the most, 
they subordinated to these experi- 
mental results, the value of the nu- 
merical coefficients, that is to say, 
the position of the lines of the dia- 
gram. But, in its essence, the “law” 
remains the same. The theoretical 
foundations are not shaken. ‘There 
is no revolution. 

In fact, what then were the the- 
oretical foundation: For our part, 
we do not know. Borgerhoff had the 
curiosity to seek them in the sources 
Here is what he found: here, in their 
eloquent reality, are the scien! 
bases of the Maurer diagram, &x- 
tracted from the memoir of !‘/2+. 

“In his diagrams for specia! s| 
Guillet ran the lines together 
bon content of about 1.65 px 
An analogous point should 
termined on the carbon axis 
diagram of cast irons and, d 
ingly, I have chosen the ti 
point at 4.3 per cent. On th 
axis, I placed the point “B” : 
cent Si because, as a result 
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tests on black fracture in steel, I 
recognized that steels with 2 per 
cent Si could in all safety be cast 
up to a content of 1 per cent C, 
without there being any separation 
f graphite. 

I have taken the point “C” with 

per cent Si from the Guillet dia- 
gram for silicon steel. By joining 
points “B” and “C” to point “A”, 
there are obtained the three fields 
sought. 

In the following way, there were 
obtained zones of transition Ila and 
[Ib between the three fields: Point 
“B” was projected toward the top, 
on the horizontal which passes 
through the point 1.7 per cent C, 
because this C content should be 
considered as the limit point be- 
tween steel and cast iron. Inversely, 
point “D” was projected to D* on 
the X-axis; then “B’” and “D*” are 
joined to point “A” so as to obtain 
the fields of transition.” 

In the memoir of 1927, Maurer 
discreetly goes a step toward rectify- 
ing another glaring error. His dia- 
gram was especially erroneous in the 
zone of highly carburized cast irons; 
thus, if one believes his first dia- 
gram, every eutectic cast iron should 
be ferritic. Maurer corrects the con- 
vergent lines, which, at the same 
time, avoid henceforth (it is very 
certain) the critical point “A”. The 
diagram is very much changed. 
Frankly, there remains nothing of 
the harmonious initial law. 

The law of Maurer is useless to 
the foundryman as a diagram which 
indicates the analyses to use in each 
case, and implies a law of geomet- 
rically simple form. Moreover, such 
a law would be useful to the found- 
ryman, if the steps that should be 
taken to verify it by experiment 
were not indecently limited 

If Maurer had begun by doing 
experiments and if he had sincerely 
reported his results, it would have 
given foundrymen a serious tool; it 
would have been proof of scientific 
honesty—and would have remained 
unknown. In place of that, he tran- 
quilly designed a fantastic diagram 

and has become famous. 


In Use 20 Years 
For 20 years, this diagram has 
been reproduced even in university 
ourses, frequently in its initial form 
ind without any indication that its 
heoretical value is null and its prac- 


tical value around zero, and per- 
haps negative because of mishaps 
which it may cause. It is time that 
this mistake, as absurd as in is in- 
jurious, cease. We condemn Maurer 
and his diagram to perpetual ob- 
livion. 

But, in all equity, can we not find 
in Maurer certain attenuating cir- 
cumstances? Perhaps. First this: 
his diagram had qualities from the 
mnemonic point of view, a feeble 
compensation, obviously, to the ma- 
jor vice of inexactitude. 

But Maurer undoubtedly had a 
greater merit: In 1924, he had in- 
sisted on the fact that, in discussing 
cast iron, the greatest simplification 
possible was to consider it as a ter- 
nary iron-carbon-silicon alley, with 
two independent variables, and, in 
1927, he added to these factors, the 
speed of cooling. 

In the writer’s opinion likewise, 
it is fallacious to try, as in the case 
of steel, to report properties of cast 
iron merely in terms of carbon con- 
tent. 


Replacement Diagram 

We have condemned Maurer. 
Then the question is: By what will 
we replace his diagram, because it 
must be admitted, in all equity, that 
for 20 years it has been the an- 
swer—a bad one, it is true—to press- 
ing questions? It was a bad tool, but 
a necessary tool. 

Certainly, from a practical ‘point 
of view, there is no difficulty. A 
two-dimensional, purely experi- 
mental diagram, established and 
used for a fixed rate of cooling will 
advantageously replace the Maurer 
diagram. There are such diagrams 
and perhaps they will be used when 
Maurer is forgotten. 

Likewise, in place of establishing 
a diagram for each rate of cooling, 
one can be established for each struc- 
ture. Such diagrams give the neces- 
sary relations between rates of cool- 
ing, and C and Si contents. A dia- 
gram (which even takes into ac- 
count P contents) exists for pearlitic 
cast irons and is known as the Osann 
diagram. This indicates, for exam- 
ple, at about what silicon content a 
pearlitic cast iron is obtained when 
the thickness of the casting, as well 
as the carbon and phosphorus con- 
tents, is known. 

Mr. Remy has evolved the basis 
of a new practical study of the ques- 
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tion. He would classify cast irons, 
and especially cast irons poor in 
phosphorus, according to their com- 
bined carbon content, and not ac- 
cording to more or less uncertain 
metallographic structures. 


Graphite and Carbon Content 

The writer is personally of his 
opinion, insisting, however, on the 
fact that at least two figures are 
necessary to characterize approxi- 
mately a cast iron: it would be neces- 
sary, aside from the combined car- 
bon content, to take into account 
the graphite content. Moreover, it 
would be indicated to report the 
combined carbon content in the mat- 
rix, as 98 per cent matrix, for exam- 
ple, for a cast iron with 2 per cent 
graphite. 

Under these conditions, a cast iron 
would be considered constituted of 
a steel matrix more or less in carbon 
(combined) and graphite. The two 
figures: combined carbon of the 
matrix and graphite content would 
be the two most logical values to 
characterize a cast iron from the 
structural point of view. 

Let us recall that in an ordinary 
steel, a single figure, carbon con- 
tent, as a first approximation, char- 
acterizes the steel. The work to be 
done would consist of establishing 
the relations between these two fig- 
ures naturally characterizing a cast 
iron as a first approximation, and 
the independent variables, knowing 
the thickness of the piece, the total 
carbon content and silicon content. 

Here is work for the future. The 
object of this work would be to con- 
vert the three independent variables 
(thickness, total carbon and silicon) 
to two variables only (graphite con- 
tent and carbon content of the mat- 
rix). All the other properties of 
ordinary cast irons could thus be 
classified in a double entry table, in- 
stead of depending on three para- 
meters. 

From the theoretical point of view, 
now, it is necessary likewise to re- 
place the Maurer diagram which 
palliates the insufficiency, for the 
foundryman, of the iron-carbon dia- 
gram. It has been proved, in fact, 
that the iron-carbon diagram can- 
not, by itself, explain the metallurg- 
ical phenomena which are encoun- 
tered in the production of cast iron 
and the practitioners who are always 
remaining on the single variable car- 
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bon, are singularly destitute. 

There exist now the ternary dia- 
grams iron-carbon-silicon and iron- 
carbon-phosphorus. The use of these 
two diagrams, even in a very sim- 
plified form, permits an understand- 
ing of the process of solidification 
which the use of the three basic bi- 
nary diagrams cannot explain. More- 
over, by a particular chance, not at 
all evident at the beginning, we can 
reason soundly on the two ternary 
diagrams and thus avoid the use of 
a quaternary iron-carbon-silicon- 
phosphorus diagram. 

In correlation with these diagrams, 
we can state the two following laws: 

1. Crystals of primary austenite, 
is an ordinary hypoeutectic cast 
iron, always have a higher silicon 
content than the mean content of 
the alloy. They are, on the other 
hand, poor in phosphorus. Under 
these conditions, the “eutectic” 
liquid will be poorer in silicon and 
richer in phosphorus than the ini- 
tial alloy. The difference will be 
greater as the alloy is poorer in 
carbon. 

2. In a ternary alloy, and even 
more sO in a quaternary iron-car- 
bon-silicon-phosphorus alloy, there 
is no longer a deposit of a binary 
eutectic at a fixed temperature, but 
“eutectic” crystals in 
which can 


a deposit of 
a temperature interval 
attain 210° C, 

In other words, graphite or ce- 
mentite “eutectics” are deposited in 
this temperature interval. The only 
true eutectic, from the structural 
point of view, is the phosphorus 
eutectic. 

Knowledge of the first of these 
laws can replace advantageously, for 
all theoretical purposes, the Maurer 
diagram. As for the second, it per- 
mits the explanation of the fact that 
the structure of normal cast irons 1s 
not, in general, that of a eutectic 
comprising primary crystals. 

Indeed, these laws are deduced 
logically from the ternary diagram. 
However, since it is prudent to be 
distrustful, if not of logic, at least 
of its application elsewhere than in 
mathematics, we prefer to consider 
these two laws as hypotheses to be 
submitted to experimental verifica- 
tion. To our knowledge, they agree 
well with experiments. 

In connection with logical deduc- 
tion, we will remark that it would 





be possible likewise, based on the 
ternary “demonstrate 


the Maurer diagram” because it is 


diagram, to 
always possible to demonstrate a 
simple thing, sufhi- 
ciently complex data. It is suffi- 


starting from 
cient to choose the “important” fac- 
tors and to declare appropriate p«s- 
tulates. This is then only an in- 
tellectual game that is played after- 
ward, to “explain” an experiment. 
Thus, the wise man allows his- 
tory to unfold as it pleases, save for, 
afterward, explaining logically the 
events that happened, if it amuses 
him. If it is possible for a man of 
genius to foresee history, it is not 





Mavrer Dtaci 
by logic, but by intuition. ey, 
though it is only intuition in 
choice of the premises to which 
logical reasoning will apply. 

In the same way, the savant exa 
ines nature and explains it aft 
ward, or at the time. If he mak 
more or less intuitive “logical” co; 
jectures, he confronts them with « 
periments and and gives a reas 
if there is disagreement. 

To return to the ternary diagran 
they allow an explanation and pe: 
haps a forecast of the structures 
cast irons; but their intricacy wi 


require a constant appeal to exper! 
ment. 





REMARKS ON THE SUBJECT OF THE 
MAURER DIAGRAM OF CAST IRONS* 


A. Portevin 


ESTABLISHMENT OF THE MAURER 
DIAGRAM for cast irons is cited be- 
cause, it admits of, in its initial form, 
a double error against which we 
must be on guard: an error of con- 
ception, in confusing a problem of 
chemical kinetics with a problem of 
chemical statics, and an error of 
method, in excessive extrapolation 
of lines drawn previously. 

1. Error of conception—The ce- 
mentite of white cast iron is in a 
metastable state with relation to 
graphite, the stable form in gray 
cast irons, and the passage of one 
to the other as well as their tem- 
porary coexistence requires a con- 
sideration of states other than equi- 
librium. Consequently, the study is 
a problem of chemical kinetics for 
isothermal conditions, each state be- 
ing a function of time dependent on 
the temperature. 

One can then, in all strictness, 
remove the temperature variable 
only for times sufficiently long (the 
speed being small at regular tem- 
peratures of observation) or the time 
variable only for temperatures suffi- 
ciently high (where the speed or re- 
action is great) which results, more- 


*la Fonderie Belge, p. 5, no. 1, Jan.- 
Feb. (1946). Abstract of translation of 
original article. 


over, in equilibrium conditions—a 
problem of chemical statics. 

Among the many variables upon 
which the problem depends, ther 
should be designated time ¢ and tem- 
perature ©, or at least a functior 
binding these two variables unde: 
particular conditions. 

In every first approximation, w 
can limit the chemical factors to 
two—carbon and silicon—thus r 
moving the other chemical variables 
S, Mn, Cr, gas, etc., but, even with 
this simplification, the problem re- 
mains with four variables—C, Si, t. 
©—which can be reduced to thre 
if we allow, as we have just said, 
t and © to be linked by a relation 
such as the law of cooling. 

A novel scheme consists in 
ceding that this law of cooling 1s 
simple, and capable of being 
acterized by a single parameter, 
such as the mean speed |’, w! 
depends in turn on all the numerous 
factors of casting, notably tl 
of the piece, with definite 
tions for the other factors of « g 

But we cannot go further 
process of simplification and | 
general diagram of state as a func- 
tion of C and Si without « 
ting a fundamental error of « 
tion. It is necessary to add 
variable, as we have just said, 
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may be the size of the piece, and 
then we ought always to bear in 
mind the series of simplified hypothe- 
ses on which it is based, so as not to 
diverge in the conclusions that are 
drawn from the representation by a 
diagram. 

An entirely analogous problem of 
kinetics is furnished by the repre- 
sentation of the states of steel after 
cooling, states which result from the 
passage of the metastable austenitic 
state to the pearlitic state. It is the 
subject of the curves called “S 
curves” of Davenport and Bain, in 
which the variables, temperature © 
and time t, occur, the latter in loga- 
rithmic coordinates. Here then, there 
are simplifications which have not 
been remembered or which have 
escaped the authors: the curves cor- 
respond only to a definite time of 
austenitic decomposition, and, draw- 
ing them in a continuous manner, 
there are joined three branches of 
curves corresponding to three dis- 
tinct phenomena or modes of de- 
composition Ar’, Ar, Ar. In 
reality, the representation should be 
in three dimensions by “intrinsic sur- 
faces”. 

If one associates the temperature 
® to time ¢t by a relation represent- 
ing a simple law of cooling defined 
by the speed V of cooling, there are 
obtained “characteristic curves of 
tempering” representing the various 
states of steel at cooling as a func- 
tion of ®, the temperature of heat- 
ing and V the speed of cooling, the 
general form of which is portrayed 
in Figure 2; but it is more a repre- 
sentative diagram for instruction 
than a utilizable idea, currently in 
practice by reason of simplifications 
introduced and of the intervention 
and the superposition of kinetics of 
cooling to kinetics of decomposition. 

These characteristic curves can be 

generalized and extended to the rep- 
resentation of the state of steel as a 
‘unction of any two of the variables, 
determining the final state of the 
steel and presupposing the equality 
of all the others. In particular, one 
night take as variables the content 
{ associated carbon to the content 
{ another element, Ni, Mn, Si, and 
ne would have in principle, separat- 
ng the various domains, curves of 
iape analogous to that of the char- 
teristic curves, such as those re- 
iting from the studies of Tutom 
ase, 





— 





> Temperatures of Heating.o 


Speeds of Cooling 
Fig. 2—See Text 





2. Error of method or of drawing— 
One can, with a view to simplifica- 
tion, replace a curve by its cord in 
a not too extended interval; but it 
would obviously be a profound and 
inadmissible error to extrapolate this 
straight line by prolonging it outside 
the limits which have been adopted. 

Even if a curve, determined by 
experimental methods, appears rec- 
tilinear, it is necessary to be careful 
in this extrapolation. Examples are 
found in which certain phenomena 
whose speed decreases with time, 
such as reactivity, relaxation, con- 
traction of tempered alloys are rep- 
resented. The experimental results 
appear, in fact, to follow a straight 
line, as a logarithmic function of 
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time, but extrapolation would lend 
to the conclusion that the speed be- 
comes null for sufficiently long 
times, which is inadmissible and 
proves the inexactitude of the linear 
law (Chevenard). 

In the case of the Maurer dia- 
gram of cast irons, there could have 
been adopted, as a primary hypoth- 
esis, for lines separating the various 
domains, curves of a form analogous 
to the characteristic curves of steels 
cited above, because it should have 
been understood that the rectilinear 
line was not admissible since its ex- 
trapolation to the carbon axis led 
to a content of 4.3 per cent, above 
which cast irons would be invariably 
ferritic, and below which invariably 
white, with indetermination at the 
eutectic content. 

The explanation, rather the ex- 
cuse, invoked by Maurer in his first 
work of the diagrams of special 
steels by Guillet, is not an explana- 
tion, because these diagrams call for 
the same observations. The content 
of 1.65 per cent C, to which con- 
verge the straight lines of these lat- 
ter diagrams, does not have any 
more significance with respect to the 
appearance of austenite in special 
annealed steels, than the eutectic 
content 4.3 per cent C of the 
Maurer diagrams has with regard 
to the appearance of graphite in 
cast irons. 

Norbury, and then Ulitzsch and 
Weichelt, have drawn diagrams for 








we 


N 
T 





} ¢ j 1 + 2 3 ry ¥ ~- 
T T T T T 
~~ @ 
|‘ 
« 
4 
A 
ie 
Steels 
A. a. i — ' A. i 








0 ' 2 3 


4 


Fig. 3—See Text 


5 6 ? s 











860 


cast irons with curves of a form 
analogous to the characteristic 
curves of steels to which we have 
just referred. 

These diagrams are in_ reality 
only sections of a diagram with the 
three dimensions C, Si, and thick- 
ness of pieces—and each diagram 
with two dimensions corresponds, 
consequently, to a determined thick- 
ness for a piece cast under specified 
conditions. 

Experiments of Mr. Laplanche 
permitted him to establish, for 
cylindrical bars of 50-mm. diameter, 
cast in green sand, families of curves 
corresponding to various values of 
a coefficient. 

y 
1I5C + 3Si 
which characterized the speed of 
graphitization. 


K $3 Siz 


2 


Figure 3 gives these curves of 
equal graphitization, or of equal 
graphitization, or of equal propor- 
tion of graphite after cooling (which 
we propose to call “isographitiza- 
tion”) for values 

K=0.25-0.6-1-1.36-2-3-4-5. 
These curves have a_ remarkable 
similarity of form to those of 
Ulitzsch. 

As a first approximation, the 
various categories of industrial cast 
irons can be classified on these 
curves. For example, white cast 
irons for malleabilization by graphi- 
tization in annealed nodules are 
situated on curves K < 0.6; pearlitic 
cast irons lie between K = 1 and 
K = 2; and completely ferritic cast 
irons to the right of K = 3. 

In this diagram, the influence of 
the elements S, Mn, Cr, and Mo 
which, in their usual contents, dis- 
place the curves toward the right 
just as the increase of the speed V 
of cooling (by diminution of thick- 
ness or by chill casting), or even 
the influence of hydrogen are not 
taken into account. 

The group of these latter curves 
diverges toward the high carbon 
contents and converges toward the 
high silicon contents, that is to say, 
precisely the inverse of Maurer’s 


group of straight lines, which con- 
verge toward the high carbon con- 
tents, and diverge toward the high 
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silicon contents. One could not 
more complete opposition i: 
representation of results. 





The Foundryman Corner* 


Wirh rReGARD to the Maurer dia- 
gram, foundrymen are well off be- 
cause they never favored this “fan- 
tasy.” 

When it is indicated that cast iron 
is white or mottled, such classifica- 
tion is made on the basis of the 
solidification phenomenon disregard- 
ing the transformation in the solid 
state. On the other hand, when cast 
iron is considered from the point of 
view of its crystal structure, the 
classification is made on the basis of 
the transformation phenomena in 
the solid state. It is well known that 
neither pearlite nor ferrite ‘s present 
in cast iron at a temperature of only 
250° C. below its solidification point. 

The attempt to classify the cast 
iron structure, induced by the phe- 
nomena of solidification and trans- 
formation by a single diagram hav- 
ing as ordinate the carbon content 
(which does not, or only slightly 
influences the transformation), has 
always seemed to us a scientific in- 
sanity. 

During the famous investigation 
of the Maurer diagram, the inves- 
tigating commission appended to its 
file data obtained by Thyssen- 
Dawans in an investigation of cast- 
iron structure. Here, these data are 
plotted on the Maurer diagram. It 
may be observed clearly that these 
curves are in complete disagreement 
with the straight lines of Maurer. 

There is a basic reason why the 
time-temperature relation influences 
the cast-iron structure during solid- 
ification and transformation. But 
when this relation is considered as 
a function of the casting thickness, 


*la Fonderie Belge, no. 1, pp. 31-32 
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such an assumption should no 
generalized. 

Even an apprentice molder, 
has made only a few castings, knows 
that castings of the same thicknes 
do not necessarily have the sa: 
structure, and that the phenomena 
of solidification are influenced by 
several different factors. Often th 
parts of the casting farthest removed 
from the feeding head are white 
while the remainder of the casting, 
although of the same thickness, is 
gray. All of us remember quite well 
the experiment with a small cast iron 
bar of regular thickness, about 10) 
mm. in length, which stubbornly 
solidifies into white cast iron at its 
ends. Two solutions have been 
posed to eliminate this behavior: the 
first is to lengthen the bar by two 
false ends (thus removing the de- 
fect outside the casting) ; the second 
is to increase the thickness of the 
bar by 60 per cent at the ends 
(assuring a sufficient coefficient o! 
safety). 


ToO- 


Conclusion 

The present classification of cast 
iron, on the basis of its structure, w: 
consider to be a purely commercial 
classification. 

The data of experimental inves- 
tigations will induce two separat 
classifications based respectively on 
data_ resulting from _ solidification 
analyses and on data resulting from 
the investigation of solid transforma- 
tions. 

In applying research data to com- 
mercial castings, we should not /or- 
get that the production of com- 
mercial castings will never take place 
under conditions of laboratory) 
periments, and a series of othe: 
tors will interfere. Such fact 
always must be considered. 


Se 
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